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OOmrrvitXin:.  C*H'*NO,  or  0*W^2iCP.  (Wertheim.  Wicn.  AhiJ  71,  ■  xxU. 
113.) — This  alkaloi'i,  which  haa  the  oompotfitioD  of  ahjdnito  of  coniDP  OX 

exists,  together  with  ooQiDe,  in  theflovpra  aad  ripe  seeds  of  hemlock  (C?on>^  rrt). 

It  i«  eitracted  by  •  proceM  which  will  be  described  and«r  CoyixR,  aod  tJ untied  from 
adhering  coninc  oy  premn^  the  product  «ll*r  it  hos  b«^n  suLmittt-d  to  a  low  ti^nip*T*- 
tnre  (by  ntcaoi  of  a  frrezing  mixtarc),  and  sabsequently  by  rcpr-nted  recrTstallis&tioo 
from  ether.     100  kilocr.  of  fr«»h  flower*  yield  6  giwnmej  of  pure  oystals. 

Conhydrine  crystallisM  in  lamincc  hanng  a  pfl*Hy  liutre  and  splendid  iridescence ; 
they  m<^lt  at  »  gentle  heat  tind  sublime  1>elow  100<^  C.  It  has  a  alight  odour,  which 
iocreasea  when  tlio  mlwtiince  is  rolatilised.  and  closely  naemblce  that  of  conioe.  Its 
aqueous  and  ulcoholie  solutions  have  a  strong  alkaline  reactioo.  Its  physiological  action 
ia  narcotic,  but  less  pjwerful  th;in  tliat  of  conine. 

I  pt  of  conli^drise,  heated  to  200°  C.  for  an  hour  and  a  half  with  8  pta.  of  anhj* 
drovf  pboflphone  add  is  a  ^lasa  tube,  decomposes  into  coQine  and  water. 

Coubydnne  neutralises  aads,  expels  ammoniji  from  its  compounds,  but  appeara  to  be 
sepamtfj  from  it»  salt*  by  oonine.     The  hydrochlorate  is  uncrystalliBable. 

CUorofjtatinate,  2(CII"N0»HCl).PtC»«.— An  alcoholic  Bolution  of  conhydrine  teU'. 
traiised  with  hydrochloric  Bcid  is  mixed  with  alcoholic  totr»chloride  of  plfttinum,  cars 
l>eiug  tJiken  to  nroid  an  exceas  of  the  latter,  and  the  whole  is  placed  over  sulphuric  acid 
in  Tacoo;  when  crystals  besg;in  to  form,  the  solution  is  rcmored  to  the  air  and  allowed  to 
erapomte,  and  tbe  crystals  are  wished,  first  with  ether-alcoho),  then  with  ether.  The 
nolt  crystallises  in  hyacinth-red  tablets,  from  1  to  4  millim.  in  lenKth,  belonging  to 
the  tninetric  system.  It  guve  by  analysis  2758  per  cent  C.  fiSl  H,  4*55  N,  and 
2804  Pt.  the  formula  requiring  2947  C,  6'16  H,  401  N,  and  28-33  Pt 

COVZCBA&CXXB.  An  arseno^phoophate  of  copper  &nd  calcium,  containing  also 
a  small  quantity  of  raondic  acid,  found  at  Hizuyosa  de  Cordova  in  Andalasia.  It 
forms  rrniform  moases  of  pislochio-Krefn  colour  inclining  to  emerald  green,  and  yield- 
inga  streak  of  the  same  colour.  Hardness  -  45.  Sj^dilc  grarity  -  4  123.  Sub- 
tnnelucent  Brittle.  Fracture  splintery.  It  contains,  according  to  Fritz  flche(Poeg. 
Ann.  IxxTii.  139),  30-68  per  cent.  ArK)»,  8-81  P*0»,  178  VH}»,  8176  CuO,  2193 
CaO,  and  5*61  water,  whence  it  may  be  regarded  as 

jSS[1i^"S'+5H'o.»,jag(.}g;f||^['o..ifln)..™.u,^ut,.f.h. 

nn*en ic  or  phoephoric  acid  being  replaced  by  Tnnadic  acid.  (D»da,  ii.  421 ;  Ram- 
melsbcrg,  p.  376.) 

COirzVB.*  Coniine,  CieuHnf,  CH»»N.  or  C«£?'»y.— A  Tolatile  alkaloid  which 
fomiH  the  jK.isonons  principle  of  hemlock  {Conimn  macvJatum).     Jt  was  discorered  in 


ilu.  J.  i.  346)  regjuxled  it  as  CIVN.  The  formula  G»li'*N.  nrcording  to  which  conine 
is  isomeric  with  cynnide  of  oenanthyl  or  capronitrile,  (rH'*.CN,  was  proposed  by 
Oerbardt  aad  ad<^t*d  by  t.  Ptanta  and  KekuU  (Ann.  Ch.  Ph»rm.  Ixxxix.  129J, 
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2  CONINE. 

who  hare  shown  that  conine  exhibits  the  ehancten  of  a   Mcondanr  monamiii* 

The  last  formula,  which  represents  conine  as  containing  the  radicle  bntTrosvI  C^H*, 
is  rendered  probable  by  the  frequent  production  of  butyric  add  in  the  oxidation  of 
conine. 

C!onine  exists  in  combination  with  acida  in  all  parts  of  the  hemlock  plant,  bnt  most 
abundantly  in  the  fruit  a  little  before  maturity.  The  leaves  contain  a  much  smaller 
quantity,  and  appear  to  lose  neariy  the  whole  of  it  in  diying,  whereas  in  the  fruit  the 
quantity  is  little,  if  at  all,  altered  by  desiccation.  It  occurs  also  in  the  flowers.  Ac- 
cording to  Walz,  conine  is  probably  also  contained  in  the  ripe  seeds  of  fool's  parsley 
{JEthuaa  Cynapivm\  According  to  Wagner,  it  appears  to  exist  in  the  root  at 
fmperaioria.  In  all  these  plants  it  existB  in  oomlnnation  with  adds,  and  must 
therefore  be  separated  by  the  action  of  a  stronger  base.  It  then  distils  over  easily 
with  Tapour  of  water. 

Preparation. — 1.  The  seeds  of  hemlock  are  distilled  with  carbonate  of  potassium  or 
slaked  lime,  and  the  yellowish  distillate,  upon  which  oily  drops  float,  is  neutralised 
with  sulphuric  acid  and  evaporated :  it  then  becomes  red,  violet,  and  lastly  brown, 
and  deposits  brown  resinous  flakes,  which  are  separated  by  filtration.  The  flltrato 
is  evaporated  to  the  consistence  of  thick  syrup,  and  the  residue  is  treated  with  a  mixture 
of  three  parts  absolute  alcohol  and  one  part  ether,  as  long  as  it  continues  to  grow 
turbid.  A  predpitate  of  sulphate  of  ammonia  is  thus  formed,  from  which  the  liquid 
is  filtered  and  then  distilled ;  and  the  residue  is  heated  in  a  water-buth  and  repeatedly 
moistened  with  water,  until  no  more  alcoholic  vapours  are  perceptible.  On  cooling, 
the  mass  is  found  to  contain  a  number  of  micaceous  laminse,  which  cannot  be  separated. 
The  whole  is,  therefore,  distilled  with  potash  in  u  chloride-of-caleinra  bath,  whereupon 
a  clear  yellowish  oil  first  passes  over,  containing  alcohol  (probably  from  ethvl-sulphate 
of  potassium),  and  smelling  strongly  of  conine.  If  this  product  is  rendered  turbid  by 
mixture  with  the  following  distillate,  the  recdver  must  be  changed,  and  the  distillation 
continued  till  the  residue  is  almost  dry,  when  it  is  again  to  be  mixed  with  caustic 
potash  and  water,  and  distilled  as  long  as  conine  continues  to  pass  over.  The  distil- 
late, consisting  of  a  watery  liquid  and  oily  conine,  which  still  contains  water  in  solution 
{for  tohich  reason  it  becomes  turbid  token  heated),  is  mixed  with  chloride  of  caldum  as 
long  as  the  latter  continues  to  absorb  water,  and  then  distilled ;  ammonia  is  then 
evolved,  and  there  remains  a  brown  resinous  reddue.  The  distillate  is  again  treated 
with  chloride  of  calcium  and  distilled  in  a  sand-bath,  and  the  product,  which  is  almost 
colourlesa,  is  rectified  alone ;  it  then  leaves  a  small  resinous  residue.  6  lbs.  of  fresh 
green,  unripe  seeds,  or  9  lbs.  diy  ripe  seeds,  yield  1  oz,  conine.    (Oeiger.) 

2.  The  npe  seeds  are  exhausted  with  alcohol,  the  alcohol  is  distilled  ofi^  and  the 
residual  syrup  is  mixed  with  an  equal  volume  of  water  and  a  little  hydrate  of  potas- 
sium, and  distilled  in  a  chloride-of-caldum  bath.    fChristison.) 

3.  When  the  fresh  flowers  (or  seeds)  of  hemlodc  are  exhausted  with  hot  water  to 
which  a  little  sulphuric  add  has  been  added,  and  the  extract  supersaturated  with  Umc  or 
hydrate  of  potasdum  and  distilled  as  rapidly  as  possible,  a  strongly  alkaline  distillate, 
containing  ammonia,  conine,  and  conhydrine  passes  over.  The  distillate  is  neutralised 
with  sulphuric  acid,  evaporated  on  a  water-bath  to  a  thick  syrupy  consistence,  and  then 
treated  with  absolute  alcohol,  which  predpitates  sulphate  of  ammonia.  The  solution 
is  removed  from  the  depodt  and  placed  on  a  water-bath,  in  order  to  evaporate  off  the 
alcohol ;  the  reddue  is  allowed  to  cool,  then  strongly  supersaturated  with  concen- 
trated potash  and  mixed  with  ether,  the  'A^holo  being  shaken  for  a  condderable  time. 
The  brownish  red  ethereal  solution  thus  obtained  is  separated  from  the  aqueous  solu- 
tion and  evaporated  on  a  water-bath,  till  the  ether  is  completely  driven  off;  it  is 
finally  heated  to  100°  C,  and  then  distilled  in  a  stream  of  hydn^^en,  at  a  ^erj  slowly 
increasing  temperature,  in  an  oil-bath.  Conine  rendered  impure  by  a  little  water 
and  ether,  first  passes  over,  and  afterwards  colourless  oily  conine,  which  may  easily  be 
purified  by  neutralising  with  hydrochloric  add,  pouring  off  the  mother-liquor  from  the 
crysUils  of  hydrochlorate  of  conine,  and  rectystaUising  the  salt  from  alcohol.  Conhy- 
drine remains  in  the  retort,  and,  on  heating  sublimes  in  the  upper  part  and  neck  of 
the  retort  in  crystalline  lamina;;  if  very  slowly  heated,  it  sublimes  at  160°  C,  otherwise 
between  190°  and  210°.     (Wertheim.) 

Purification. — Conine,  obtained  by  Gkiiger's  process,  may  still  contain  ammonia.  To 
remove  this  impurity,  the  product  is  shaken  in  a  long  glass  tube  with  water,  and  after 
a  few  hours,  the  conine  is  decanted  off.  The  wash-water  becomes  milky  on  being 
shaken  up  with  chlorine-water,  but  does  not  evolve  nitrogen  gas  if  frt?e  from  ammonia 
(Boutron-Charlard  andllenry).  The  ammonia  is  removed  by  pladng  the  conine  in 
vacuo  over  sulphuric  acid ;  the  evolution  of  gas-bubbles  causes  ebullition  ^Liebig). 
If  the  conine  contains  water,  it  is  mixed  with  fused  hydrate  of  potasdum :  uie  conine 
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th«o  sepantM  ont,  after  a  time^  in  an  oily  stratum,  which  is  zemoved  and  rectified 
aloneL  Commercial  chloride  of  calcium  cannot  be  used  for  this  poipose,  as  it  generally 
contains  alumina. 

Properties. — Conine  is  a  limpid  oily  liquid  of  specific  gravity  0*89  (Geiger),  0*878 
(Blyth).  Itboilsatl680— 171*0.  (Blyth);  at  187-6°  C.  (Geiger^;  189° C.  (Chris- 
tison);  212*^0.  (Ortigosa);  and  when  carefully  but  rapidly  heated,  oistils  almost  with- 
out  deoompoeition  (Geiger).  It  Tolatilises  in  yacuo  at  ordinary  temperatures,  and 
distils  without  residue  (Licbig,  Ortigosa).  It  maybe  carriwi  oyer  with  vapour 
of  water  at  100°  C,  but  not  without  slight  decomposition.  It  has  a  highly  penetrating, 
repulsive,  peculiar,  and  suffocating  odour,  like  that  of  tobacco,  and  somewhat  resembling 
that  of  hemlock ;  at  a  distance,  and  in  small  quantity,  it  smeUs  like  mice ;  if  closely 
inhaled,  it  attacks  the  head  and  provokes  tears  (Oeiger).  Its  taste  is  sharp,  repol- 
■ive^  and  persistent,  like  that  of  tobacco.  It  is  a  violent  poison,  small  quantities  of  it 
rapidly  causing  death,  attended  with  tetanus.  When  outwardly  applied,  it  does  not 
dilate  the  popfl,  even  if  introduced  into  the  eye  itself  (Geiger^.  (On  the  action  of 
eonine,  see  Cfhristison,  J.  Pharm.  zziL  413 ;  J.  Chim.  med.  zii.  461.  Kuhlmann, 
N.  Br.  Arch,  xxiii.  38.)  It  has  a  strong  alkaline  reaction,  but  only  in  the  presence 
of  water  (Geiger).  The  alkaline  reaction  disappeara  from  turmeric  pi^>er  on  application 
of  heat,  and  slowly  from  litmus  paper.     (Bly  tn.) 

The  composition  of  eonine  is  as  follows : 

Carbon        8  atoms 
Hydrogen  16     „ 
Nitrogen      1     ,».  , 

Conine  is  slightly  soluble  in  water  at  ordinary  temperatures ;  it  is  also  capable  of 
dissolving  one-third  of  its  weight  of  water,  and  at  low  temperatures  an  equal  weight; 
if  it  be  then  heated,  it  becomes  turbid,  from  separation  of  water  (Geiger).  It  is  very 
■olabie  in  alcohol,  and  when  dissolved  in  4  pts.  of  alcohol,  may  be  mixed  in  all  propor- 
tions with  water.  It  is  easily  soluble  in  ether,  in  oils,  both  fixed  and  volatile,  and  in 
oe^ome. 

Conine  dissolves  sulphur  in  large  quantity,  forming  a  daric  orange-coloured  solution, 
which  yields  ezystals  of  sulphur  by  evaporation.  It  is  slightly  sohible  in  sulphide  of 
0»bon.    It  does  not  appear  to  diuolve  phosphorus. 

Deeonufositions. — 1.  Conine  is  very  inflammable,  and  bums  with  a  bright  smoky 
flame,  Uke  volatile  oils,  leaving  only  a  small  residue  of  carbon.     (Geiger.) 

2.  When  kept  from  the  air,  eonine  remains  colourless,  but,  on  exposure  to  the  air,  it 
rapidly  turns  yellow,  brown,  and  visdd,  and  becomes  less  soluble  in  water.  The 
aqueous  or  alcoholic  solution  undeigoes  the  same  dec(»nposition,  especially  if  the  eonine 
is  impure ;  both  rapidly  turn  brown,  while  the  aqueous  solution  becomes  turbid,  and 
deposits  resinous  flakes  (Geiger).  In  the  decomposition  of  eonine  by  the  air,  resin 
is  formed  and  ammonia  evolved  (Christison).  Conine,  placed  in  a  shallow  dish, 
and  exposed  to  the  action  of  oxygen  for  some  weeks,  turns  dark  red,  becomes  thicker, 
and  is  finally  converted  into  a  stringy  resinous  mass,  which  smells  strongly  of  eonine, 
and  has  an  alkaline  reaction.  This  resin  dissolves  in  strong  hydrochloric  add,  and  is 
precipitated  by  carbonate  of  potassium.  If  this  operation  be  repeated,  and  the  product 
washed  with  water,  a  resin  is  obtained  which  is  free  fix>m  eonine,  smells  of  butyric  add 
when  burnt  or  exposed  to  moist  air,  and  contains  nitrogen.    (Blyth.) 

3.  On  distilling  eonine,  a  portion  is  always  decomposed,  ammonia  being  evolved  and 
a  resin  formed.  The  purer  the  eonine,  the  less  decomposition  takes  place.  Heated  for 
some  time  to  a  temperature  near  its  boiling  point,  it  is  much  more  decomposed  than  when 
it  is  rapidly  heated  to  boiling,  in  which  case  tlie  greater  part  distils  over  unchanged ; 
ammonia  and  a  resin  are  formed,  and  perhaps  also  carbonic  and  acetic  adds  (Geiger). 
Moist  oonine,  evaporated  in  vacuo  over  substances  which  attract  moisture,  leaves  a 
resinous  pitchyre8idue(Cbarlard  and  Henry,  Ann.  Ch.  Phys.  IxL  337).  Moistconine 
leaves  a  resin  on  distillation ;  the  dry  substance  does  not  (Ortigosa,  Ann.  Cb.  Pharm. 
xlii.  613).  When  eonine  is  heated  above  172°  C,  the  boiling  point  rapidly  rises,  de- 
composition takes  place,  and  white  fumes  are  evolved.     (Blyth.) 

4.  In  the  oxidation  of  eonine,  butyric  acid  is  generally  formed,  as  when  eonine  is 
boiled  with  nitrie  aeid  (a  resin  is  formed  at  the  same  time,  which  is  precipitated  from 
the  solution  by  potash  on  cooling);  also  on  evaporating  hydiobromate  of  oonine  in  vacuo 
with  a  slight  excess  of  bromine,  or  by  evaporating  sulphate  of  eonine  to  dryness,  and  by 
treating  oonine  with  acid  chromate  of  potassium  and  sulphuric  acid  (Blyth).  An 
odour  of  butyric  acid  is  perceptible  during  the  evaporation  of  the  platinum-  or  mercury- 
salts  of  eonine,  and  of  its  basic  substitution-products  (v.  Planta  and  KekuU).  Co- 
nine reduces  silver-salts.    (Ortigosa.) 
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4  CONINE. 

6.  When  conine  is  nentralised  with  dUiOe  mineral  adds,  it  is  not  decomposed  hj 

rntaneoos  evapoiation,  bat  if  evaporated  with  the  aid  of  heat,  its  solution  becomes 
k,  and  a  salt  of  ammonia  and  a  resin  are  formed.    The  same  reaction  is  produced, 
even  in  the  cold,  by  an  excess  of  acid,  or  by  acttic  or  tartaric  acid.    (Geiger.) 

6.  Alcoholic  tincture  of  iodine  acts  violently  upon  moist  conine,  the  solution  becoming 
turbid  and  yellow  for  a  few  moments,  and  then  colourless,  and  ultimately  drying  up  to 
an  unoystallisable  mass  (Geiger.)  A  weak  tincture  of  iodine  added  drop  by  drop 
to  alcoholic  conine,  produces  a  dark  brown  precipitate,  which  dissolves  and  forms  a 
colourless  liquid.  When  tincture  of  iodine  is  added  as  long  as  the  liquid  remains 
colourless  (if  an  excess  of  iodine  is  added,  a  different  decomposition  takes  place),  and 
the  solution  evaporated  in  vacuo,  there  remains  a  brownish  mother-liquor,  containing 
crystals  of  a  similar  form  to  those  obtained  by  the  action  of  bromine  upon  conine ;  they 
are  easily  soluble  in  water,  alcohol,  and  ether  (Blyth).  Anhydrous  conine  be- 
comes heated  in  contact  with  iodine,  and  forms  thick  white  fumes  and  a  readily  fusible 
mass,  which  is  at  first  blood-red,  and  afterwards  turns  olive-green;  this  bodv  dissolves 
in  water,  forming  a  nearly  colourless  solution,  and  depositing  a  thick  black  resim. 
(Geiger.) 

.  7.  When  conine  (distilled  at  169°  C.)  is  exposed  to  vapour  of  hromine,  it  immediately 
solidifies  into  a  mass  of  crystalline  needles.  If  too  much  bromine  is  used,  the  chief 
product  is  a  gummy  mass ;  if  conine  is  employed  which  distilled  over  below  1G8°,  a  red 
liquid  is  formed.  The  purer  the  conine,  the  more  abundant  is  the  formation  of  crystak. 
Conine  which  has  passed  over  between  98°  and  136°  does  not  at  first  form  any  crystals 
with  bromine,  and  when  evaporated  in  vacuo,  becomes  dark  red,  or,  if  more  bromine  is 
added,  black.  This  product,  dissolved  in  water,  boiled  with  animal  charcoal,  then  fil- 
tered and  evaporated  in  vacuo  over  sulphuric  acid,  yields  traniparent  colourless  needles 
and  a  brown  mother-liquor.  The  crystals,  after  washing  with  ether,  contain  48'52  per 
cent  C,  and  8*98  H;  they  are  readily  soluble  in  water  and  in  alcohol,  but  much  less  in 
ether ;  when  purified  by  treating  them  with  ether,  and  recrystallised  from  wat^r  or  from 
alcohol,  they  form  needles  which  are  permanent  in  the  air  and  melt  into  an  oil  at  about 
100°  C,  giving  off  a  little  conine  vapour.  On  cooling,  the  oil  solidifies  into  a  striated 
mass.  (Blyth.) 

8.  Anhydrous  conine,  acted  upon  by  chlorine  ga»,  gives  off  dense  white  fumes,  becomes 
hot  and  thick,  and  forms  a  dark  brown  mass,  wnidihaa  a  peculiar  odour,  something  like 
thatof  chlorine,  but  not  like  that  of  conine,  and  when  suspended  in  water  and  treated  with 
caustic  soda,  diffuses  an  odour  of  conine  and  turpentine.  With  hydrated  conine,  chlorine 
gas  produces  a  whitish  turbidity,  separation  of  oil  drops,  and  a  smell  of  chloride  of 
nitK^n ;  if  potash  be  then  added,  an  odour  of  conine  is  evolved  (Geiger).  Moist 
conine,  free  from  ammonia,  does  not  evolve  nitrogen  when  shaken  with  chlorine-water 
(Charlard  and  Henry).  When  chlorine  gas  is  passed  over  conine  which  has  distilled 
at  130°  C,  the  conine  becomes  hot,  assumes  a  dwk  red  colour,  and  emits  heavy  white 
vapours  which  smell  somewhat  like  oil  of  lemon.  If  the  action  of  the  chlorine  be  con- 
tinued and  the  oil  cooled,  it  becomes  colourless  again  and  thicker,  ceases  to  evolve  white 
vapours,  and  becomes  covered  with  white  crystals,  into  which  it  is  completely  converted 
after  the  chlorine  has  been  passed  over  it  for  a  long  time.  The  crystals  are  like  those 
formed  by  the  action  of  bromine,  and  are  very  volame.  If  stirred  up  with  water,  they 
readily  dissolve ;  they  are  very  soluble  in  alcohol  and  ether,  from  which  they  crystallise. 

9.  Anhydrous  conine  poured  upon  diy  chromic  acid,  takes  fire  immediately.  (Hof- 
mann,  Ann.  Ch.  Pharm.  xlvii.  85.) 

10.  Phosphomolybdic  acid  (obtained  by  precipitating  molybdate  of  ammonium  with 
common  phosphate  of  sodium,  evaporating  the  solution  to  dryness,  igniting  till  the 
ammonia  is  driven  off,  and  dissolving  the  residue  in  water  containing  nitric  acid)  forms 
with  conine  and  its  salts,  a  bright  yellow  bulW  precipitate.  The  precipitate  is  scarcely 
soluble  at  ordinary  temperatures  in  water,  dilute  acids  (with  the  exception  of  phos- 
phoric acid),  alcohol,  or  ether ;  it  is  however  readily  taken  up  by  the  carbonates,  borates, 
and  phosphates  of  the  alkalis,  and  decomposed,  though  with  difficulty,  with  separation 
of  conine,  by  the  alkaline  earths  and  their  carbonates,  as  well  as  by  the  oxides  of  lead 
and  silver  and  their  carbonates.     (Sonnenschein,  Ann.  Ch.  Pharm.  cv.  45.) 

11.  Conine  is  rapidly  attacked  by  bromide  of  ethi/l,  and  forms  a  crystalline  product 
^Hofmann,  Ann.  Ch.  Pharm.  Ixxiv.  176 ;  Ixxix.  34).  Commercial  conine  mixes  with 
iodide  of  ethyl,  and  forms  at  first  a  clear  liquid ;  but  a  reaction  quickly  takes  place, 
whereby  a  brown  oil  is  formed,  which  sinks  to  the  bottom  of  the  vessel.  K  the  mix- 
ture is  heated  in  a  sealed  tube  to  100°  C,  till  the  stratum  of  ether  at  the  bottom  no 
longer  decreasea,  there  is  formed,  if  the  conine  is  pure,  a  viscid  oil  (hydriodate  of  ethyl- 
couine) ;  but  if  the  conine  contains  methyl-conine,  there  is  formed,  besides  hydriodate 
of  ethyl-conine,  the  hydriodate  of  ethyl-methyl-conine,  which  solidifies  in  part  imme- 
diately, and  completely  on  cooling,    (v.  Planta  and  Kekul^.) 

12.  Ci/anate  of  rthyl  dissolves  comne,  with  evolution  of  heat,  forming  a  compound 
tmm,  the  crystallisation  of  which  causes  th«  mixture  to  Bolidi^^  on  cooling.    (W  u  r  t  z.) 


CONINR  6 

Salts  op  Conikb.  —  Conine  is  a  strong  base,  and  neutralises  adds  completely; 
forming  salts  in  vhich  1  at  oonine  is  united  with  1  at  of  a  monobasic  add,  2  at  coniiw^ 
Tith  1  at  of  a  dibasic  add,  &c.  These  salts  may  be  obtained  in  the  solid  state  by 
leaving  their  solutions  to  evworate  in  vacuo,  but  they  are  difficult  to  crrstallise.  They 
diKsolve  easily  in  water,  in  alcohol,  and  in  a  mixture  of  alcohol  and  ether,  but  are  io- 
soluble  in  pure  ether.  Many  of  them  are  deliquescent  They  hare  a  disagreeable, 
bitter,  and  acrid  taste,  like  that  of  tobacco.  In  the  dry  state  they  are  odouriess,  but 
the  aqueous  solutions  always  smell  of  conine.    They  nro  decomposed  by  heat 

The  aqueous  solutions  of  conine-salts  fonn,  with  ioditusoluHon,  a  saf&on-coloured 
predpitate,  whidi  soon  redissolves.  Thev  yield  floccnlent  precipitates  with  tincture  of 
ffoUi  and  tetrachloride  of  platinum.  With  alkaiia,  they  give  off  the  peculiar  odour  of 
Conine ;  and  when  shaken  up  with  a  solution  of  sulphate  of  moffnesium,  they  form  a 
crystalline  salt  The  solutions,  when  exposed  to  the  air,  gradually  change,  from  the 
decomposition  of  the  conine,  acquiring  a  beautiful  red  or  Tiolet  colour,  which  afterwards 
changes  to  green  or  dark  blue,  and  disappears  again  on  addition  of  alkalis  ;  if  quite 
neutral,  they  often  become  yellow  or  brownish.  A  much  more  rapid  decomposition 
takes  place  when  the  solution  of  a  conine*salt  is  evaporated  by  heat  and  in  contact 
with  tne  air,  the  conine  appearing  to  suffer  the  same  alteration  as  when  exposed  tx>  the 
air  in  the  free  state ;  the  solutions  become  brown,  and  deposit  brown  flodu,  and  if  an 
alkali  be  then  added,  ammonia  and  conine  are  set  free,  and  a  dark-brown,  bitter,  re- 
sinous substance  is  separated,  which  does  not  exert  any  poisonous  action. 

According  to  Geiger,  conine-salts  are  less  poisonous  than  the  base  itself;  according 
to  Christiaon's  experiments,  on  the  contrary,  the  poisonous  action  of  conine  is  ereatly 
intensified  by  neutralisation  with  adds.  Five  grains  of  conine,  neutralised  with  nvdro- 
chloric  add,  and  introduced  into  the  rein  of  a  small  dog,  killed  it  in  a  few  seconcut. 

Acetate  of  Conine  dries  up,  by  spontaneous  evaporation,  to  a  brown  yamish-like 
mass,  which  dissolves  in  water. 

Hydrochlorate  of  Coning  C!H'»N.HC1. — Hydrochloric  add  gas  colours  drj 
conine  red  and  then  blue.  When  conine  is  placed  under  the  receiver  of  an  air-pump^ 
beside  a  vessel  containing  fuming  hydrochloric  acid,  crystals  of  the  hydrochlorate  are 
formed  in  both  vessels,  having  the  form  of  beautiful,  colourless,  transparent  lamime 
(Liebig).  According  to  Wertheim  (Ann.  Ch.  Pharm.  c.  336),  conine  evaporated  with 
hydrochloric  acid,  yields  rhombic  crystals  from  2  to  4  millimetres  long,  and  having  a 
rather  strong  fatty  lustre ;  they  are  easily  purified  by  recrystalliBation  from  alcohoL 
The  salt  diraolves  easily  in  water,  and  becomes  moist  in  contact  with  the  air.  If  the 
solution  bo  left  to  evaporate  in  contact  with  the  air,  the  salt  again  crystallises  in  luninse, 
but  turns  brown  from  decomposition. 

ChloroplatinaU  of  Conine,  2(C«U'»N.Ha).PtCl*,  obtained  by  mixing  an  alcoholic 
solution  of  conine  with  tetrachloride  of  platinum,  and  evaporating  in  vacuo  over  oil  of 
vitriol,  is  an  orange-yellow  crystalline  powder,  soluble  in  water  and  in  boiling  aloohol» 
insoluble  in  ether-aloohol  (Ortigosa);  decomposed  at  100°  C. 

Nitrate  of  Conine  is  obtained,  by  spontaneous  evaporation,  as  a  brown  deliques- 
cent mass,  having  the  consistence  of  an  extract,  mixed  with  small  needles  and  crystalline 
granules. 

Sulphate  of  Conine.  —  Conine,  saturated  with  dilute  sulphuric  add,  assumes  a 
brownish  colour  on  evaporation,  and  leaves  a  thick  gummy  mass,  with  traces  of  crys- 
tallisation. According  to  Charlard  and  Henry,  the  salt  is  crystallisable,  deliquescent, 
and  dissolves  in  all  proportions  in  alcohol.  Potash  separates  the  conine.  If  the  eva- 
poration bo  carried  too  far,  decomposition  takes  place,  and  the  odour  of  butyric  add 
becomes  perceptible.  Sulphate  of  conine  forms  with  sulphate  of  aluminium,  a  double 
salt  wbicn  crystallises  in  octahedrons  (conine-alum). 

Tartrate  of  Conine.  —  The  solution,  left  to  evaporate  in  the  air,  becomes  turbid, 
acquires  a  green  and  then  a  brown  colour,  and  leaves  an  extract-like  mass,  containing 
small  granular  crystals.  On  heating  the  mass  with  water,  a  few  brown  fiakes  remain 
undissolved. 

Conine  forms  crystallisable  salts  with  iodic,  oxalic,  and  phosphoric  acids. 

Subttitution-derivativee  of  Conine. 

Conine  is  a  secondary  monaminc,  N.H.(0*H")'',  or  N.H.(C^H*)',  containing  only  one 
atom  of  replaceable  hydrogen  :  for  when  it  is  treated  with  iodide  of  ethyl,  hydriodic 
add  is  formed,  and  the  ethyl  takes  the  place  of  1  at  hydrogen  in  the  base,  the  product 
being  hydriodate  of  ethyl-conine  (N.C-H*.C*H").HI ;  but  on  treating  ethylconine  with 
iodide  of  ethyl,  no  further  substitution  takes  place,  but  the  two  bodies  unite  directly, 
forming  iodetht/laie  of  ethylconine  (KCPEKC^W*).C?E%  or  rather  iodide  of  diethyl- 
eouiniuin  lS.{&U*y.C*R"]l. 


6  CONINE. 

METaTL-ooMiNSL  C*H>'NbN.CH*.C!*H>*.— Thisbsse  ia  often  contained  in  com- 
merdal  conine.  It  is  alao  produced  by  tJie  action  of  lie«t  on  etiiyl-methyl-conine.  It 
is  a  colourless  oil,  smelling  like  conine,  lighter  than  water,  and  sparingly  soluble  in 
water,  imparting,  however,  a  strong  alkaline  reaction.  Iodide  of  euiyl  converts  it  into 
iodide  of  ethyl-methyl-coninium. 

Bthtl-coninb.  C'«H"N=N.C»H».C»H".  (t.  Planta  and  KekulA,  Ann.  Cb. 
Fharm.  WxTiTr-  131.) — The  hydriodate  of  this  base  is  obtained  by  heating  conine  with 
iodide  of  ethyl  in  a  sealed  tube  to  100"  C.  for  about  half  an  hour ;  and  by  dissolving 
the  product  in  water,  removing  the  excess  of  iodide  of  ethyl  by  decantation,  and  gently 
heating  the  solution  with  caustic  potash,  ethyl-conine  separates,  and  may  be  rectified 
in  a  eoirent  of  hydrogen  after  being  drieid  over  fragments  of  chloride  of  calcium  and 
■olid  potash. 

Ethyl-conine  is  a  volatile,  almost  ooburless,  strongly  refracting  oil,  lighter  ihaa 
water,  smelling  like  conine,  partially  decomposed  by  distillation.  Iodide  of  ethyl  oon- 
verts  it  into  iodide  of  diethyl-conimum. 

Ethyl-conine  is  sparingly  soluble  in  water,  but  dissolves  readily  in  adds^  with  oon- 
siderable  evolution  of  heat.    Its  salts  do  not  crystallise  by  evaporation. 

The  kydrobromate  and  hydriodate  are  nnciystallisable.  The  hydroehlorate 
is  obtained,  as  a  mass  of  white  deliquescent  crystab,  by  leaving  anhydrous  ethyl-conine 
under  an  exhausted  receiver  beside  a  vessel  containing  ftmiing  hydrochloric  add.  The 
ehloro-aurate  is  predpitated  as  a  yellowish  oil  which  solidifies  and  crvstallises;  from  a 
hot  dilute  solution  it  sometimes  separates  in  beautiful  yellow  crystals.  The  chloromer- 
curaieiB  obtained  by  predpitation,  as  a  white  resinous  substance,  which  mdts  in  the 
liquid  at  the  boiling  heat,  and  if  dilute  solutions  are  used,  separates  in  rhomboidal 
tablets.  The  ehloroplatinate,  2(C"H"N.HCl).PtCl«,  is  a  yellow  crystalline  powder 
easily  soluble  in  water  and  in  alcohol. 

DiBTHTi^coNiNiTJM,  C«*H«N-N.(C^»)«.C«H".  (v.  Planta  and  KekulA,  Ann. 
Ck  Pharm,  Irrxix.  146.)— Known  only  in  combination.  The  iodide,  C'*H"NI,  is  obtained 
by  the  action  of  iodide  of  ethyl  on  ethyl-conine  in  the  cold.  This  mixture,  left  to  itself 
for  12  hours,  forms  a  crystalline  mass ;  and  on  heating  this  product  in  a  sealed  tube  to 
100°  C,  the  iodide  of  diethyl-coninium  melts  to  a  liquid  which  floats  on  the  iodide  <^ 
etbyL  The  crystals  are  softer  than  those  of  ethyl-methyl-coninium,  dissolve  easily  in 
water  and  alcohol,  less  readily  in  ether. 

The  hydrateia  obtained  in  solution  by  decomposing  the  iodide  with  oxide  of  silver. 
The  solution  is  inodorous,  has  a  bitter  taste,  and  strong  alkaline  reaction. 

The  chloride,  obtaiiied  by  saturating  the  base  with  hydrochloric  add,  forms,  with 
chloride  of  mercury,  a  white  flocculent  predpitate,  which  melts  when  heated,  and  sepa- 
rates from  the  hot  solution  after  some  time  m  microscopic  crystals ;  with  trichkride  of 
gold,  a  sulphur-yellow  semi-fluid  predpitate  which  dissolves  when  heated,  and  separates 
on  cooling  in  oily  drops  which  become  solid  and  crystalline ;  and  with  tetrachloride  qf 
platinum,  on  evaporation,  a  crystalline  salt  containing  2(C"H**N.Cl).PtCl*. 

Ethtl-mbthtl-coninium,  C"H«N  =  N.CH».C2H».C«H»  (v.  Planta  and 
Kekul^,  Ann.  Ch.  Pharm.  Ixxxix.  135.) — This  base  also  is  known  only  in  combina- 
tion. The  iodide  is  produced  by  the  action  of  iodide  of  othyl  on  methyl-conine. 
When  commercial  conine,  containing  the  latter  compound  (ii.  6^,  is  treated  yrith. 
iodide  of  ethyl,  it  yields,  besides  the  syrupy  hydriodate  Of  ethyl-conme,  crystals  of  the 
iodide  of  ethyl-methyl-coninium.  The  reaction  takes  place  even  in  the  cold,  and  is 
completed  in  a  few  minutes  at  the  heat  of  the  water-bath.  On  dissolving  the  product 
in  water,  removing  the  mass  of  iodide  of  ethyl,  and  adding  caustic  potash,  a  brown 
oil  separates  which  divides  into  two  layers,  the  upper,  which  consists  of  ethyl-conine, 
remaining  liquid,  while  the  lower,  consisting  of  iodide  of  ethyl-methyl-coninium,  sepa- 
rates in  rolendid  needles,  which  may  be  purified  by  washing  with  ether  containing  a 
little  alcohoL 

Hydrate  of  Ethyl-methyl-coninium  is  obtained  in  solution  by  decomposing 
the  iodide  with  recently  precipitated  oxide  of  silver.  The  solution  is  colourless, 
inodorous,  very  bitter,  strongly  alkaline,  and  when  concentrated  acts  on  the  skin  like 
caustic  potash.  It  absorbs  carbonic  acid  quickly  from  the  air.  It  may  be  boiled 
without  decomposition,  but  when  concentrated  and  distilled,  it  is  xcsolved  in  methyl- 
conine,  water,  and  etliylene  gas : 

N.CH'.CH^C-H»jo  .  KCH..C«H..  +  CH*  ^  H^. 

Heated  in  a  sealed  tube  with  iodide  of  ethyl,  it  is  converted  into  alcohol  and  iodi  J.  of 
othyl-methyl-coninium. 
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The  ekloride,  tutphate,  nitrate,  carbonate,  oxalate,  vA  acetate  cieibjl- 
metfajrl-eoniiuam  are  OTstallisable,  rerj  soluble  in  water,  and,  tx  the  most  putt 
deliqneeccnt 

The  iodide,  C"H"NI,  forms  colourless  needles  Teiy  soloUe  in  -water  and  in 
alcohol,  insoluble  in  ether  and  in  alkaline  liquids.  It  may  be  boiled  with  canstie  potash 
without  decomposition. 

Ckloro-aurate,  C"H**NCLAuCl*.— Precipitated  by  chloride  of  gold  from  a  so- 
hition  of  the  base  in  hydrochloric  add,  in  yellow  flakes  which  soon  become  ays* 
talline.  From  hot  solutions,  the  salt  is  deposited  in  fine  needles  on  cooling.  The 
dry  salt  melts  below  100°  C.  (Qold,  by  analysis,  3867  per  eent,  by  calculation  38*86 
percent.) 

Ckloro-mereurate,  C"H*^CL3HgCF^~ White  crystalline  precipitate,  moderately 
■oluble  in  water,  alcohol,  and  ether.  Oives  by  an^sis,  69-15  per  cent  Hg,  and 
24-63  CI,  the  formula  requiring  69*03  Hg,  and  24*46  Cl  When  heated  with  water, 
it  molts  and  dissolres,  and  the  solution,  on  standing,  deposits  another  salt  containing 
SCfioNCLSJ^a*.  (Analysis,  14*26  per  cent.  C,  2*70  H,  and  66-78  Hg ;  calculation, 
14*98  C,  2-60  H,  and  66*76  Eg.) 

Chloroplatinate,  2C"H«NCLPtCl*.  Precipitated  as •  yellow czystalline powder, 
or  fh>m  duute  solutions,  gradually,  in  fine  octaJiedrons.  It  is  sparingly  soluble  in 
eold  water,  more  soluble  in  boiling  water,  insoluble  in  alcohol  ana  ether.  (Mean  of 
analyses,  36*49  per  cent.  C,  6*64  H,  and  26*43  Pt ;  calculation,  36-37  C,  6*86  H,  and 
26*46  Pt) 

COVI8TOWZTB.    A  name  given  by  B.  P.  Oreg  (SilL  Am.  J.  xm.  8M)  to  • 

hydrated  oxalate  of  calcium  in  crystals  of  the  trimetrie  system,  from  Coniston  in 
C^berland ;  afterwards,  howerer,  found  not  to  be  a  natural  mineral  (ibid.  zzii.  262^ 

003RTB,  or  Konite.    Compact  dolomite. 

OOaiUM  BKACirXATUM.  Hemlock. — This  vety  poisonous  plant  contains  tbo 
two  alkaloids,  oonine  and  oonhydrine.  It  loses  its  activity  by  drying,  and,  according 
to  Miiller,  by  keeping  for  twelve  months.  The  extract  loses  its  activity  with  equu 
fiunlity,  the  alcoholic  sooner  than  the  aqueous  extract  According  to  Landerer,  the 
green  parts  of  the  phmt  contain  also  a  small  quantity  of  an  extremdy  intoxicating  oiL 
100  pts.  of  the  dry  leaves  contain,  according  to  Wrightson  (Pharm.  J.  Trans,  v.  40X 
6*8  pts.  nitrogen,  and  12*8  ash,  consisting;  after  deduction  of  carbonic  add,  sand,  and 
charcoal,  of  21*7  per  cent  potash,  9*6  soda,  14*9  lime,  8-3  magnesia,  2*6  silica,  6*9  sul- 
phate of  fialdnm,  16*7  phosphate  of  caldum,  8*6  ferric  phosphate,  and  16*6  cUoride  of 
sodium. 

CMW J  UUATBB  OOlEPOVirBS.  (k^piidated  compounds.  Corpe  coiy'uguie  ou 
aopuUe.  Gepaarte  Verbindwigen. — ^These  terms,  the  meaning  of  which  has  never  been 
▼ezy  dearly  defined,  were  first  introduced  into  organic  chemistry  by  GFerhardt,  in  1839. 
He  had  observed  that  certain  adds,  especially  sulphuric  add,  produce,  by  their  action  on 


oii^nic  bodios,  peculiar  compounds  in  which  the  characteristic  properties  of  the 
original  substances  are  no  longer  perceptible ;  benzoic  add,  for  example,  is  converted 
bv  sulphuric  acid  into  sulpho-benzoie  add,  a  compound  in  which  the  presence  of  sid- 
phuric  add  cannot  be  detected  by  barium-salts.  This  kind  of  union  was  called  by 
Oerhardt  copulation  (aecoupUment) ;  the  product,  a  copulated  compound  (eel 
copuli),  and  the  organic  body  whidi  united  with  the  sulphuric  add,  was  called  the 
eopula  {eopule,  Paarlin^), 

To  explain  the  formation  and  properties  of  these  substances,  Oerhardt  supposed  that 
the  action  of  sulphuric  add  and  similar  adds  on  organic  bodies  may  take  place  in  two 
waySL    Either  the  acting  add  loses  its  saturating  power,  in  which  case  the  product  is 

formed  by  substitution,  e,g.  evlphobenjtidet  gQ^  from  bemene,  C**^,hj  the  substitu- 
tion of  80*  for  1  at  H;  or  the  acting  add  retains  its  saturating  eapadty,  in  whiofa 
combination  takes  place  by  copulation.  In  many  cases  both  these  actions  were  sup- 
posed  to  take  place  together ;  thus  the  formation  and  composition  of  sulpho-bencoio 

add  (anhydrous)  were  repn>.sented  by  the  formula    g(^(^  +  S(^' 

Similar  views  regarding  the  constitution  of  such  adds  were  put  forth  about  the  same 
time  by  Dumas  and  Pina,  who  designated  them  as  "  conjugated  adds."  Berzolius 
also  adopted  the  terms  copulated  and  coi\jugated,  but  appliml  them  in  a  different  sense, 
namely,  to  designate  compounds  which  he  could  not  regard  as  formed  by  the  union  of 
elomonts  or  compound  radicles  in  opposite  electrical  states ;  thus  water,  metallic  oxides, 
and  tlic  corresponding  oxides  of  organic  radides,  were  supposed  to  be  capable  of  uniting 
with  acids,  or  electro-negative  bodies,  in  the  ordinary  way ;  but  the  union  of  all  other 
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bodies  was  called  oopnlatioiL  Thus  acetic  add,  (?WC^,  was  r^jarded  as  oxaUe  acid, 
C*©*,  oopolated  with  methyl,  C*B*;  trichloracetic  add,  C^CPO^,  as  oxalic  add,  C*0* 
copulated  with  sesqnichloride  of  carbon,  (PCP.  A  copulated  compound  was  de&aed  aa 
a  compound  of  an  active  substance  («.  ff.  the  oxalic  add  in  the  componnds  just  men- 
tioned)  with  a  passive  substance  or  copula.  Substitution  (of  CI  for  H  for  example) 
was  supposed  to  take  place  onl^  in  the  latter.  These  views  of  Senelios  have  dearlj 
no  connection  with  those  previously  mentioned.  G«rhardt  in  £act  protested  against 
this  use  of  terms  which  he  bad  introduced  in  a  different  sense,  and,  at  the  same  time, 
defined  conjugated  compounds  as  bodies  produced  by  the  substitution  of  "rendaes" 
(or  compoundradides)  for  elementary  bodies, —  this  definition  induding  the  amides^ 
compound  ethers,  nitro-substitution  compounds,  as  well  as  the  compounds  formed  by 
the  action  of  sulphuric,  phosphoric,  and  other  polybasic  adds  on  hydio-caxbons  and 
organic  adds. 

In  a  memoir  on  the  amUdes  published  by  Laurent  and  Gerhardt  in  1848,  the  fol- 
lowing definition  is  given: — "We  desi^ate  as  conjugate  compounds,  all  such  as  are 
formM.  by  the  direct  union  of  two  bodies,  with  elimination  of  water,  and  are  capabia 
of  reproducing  the  original  bodies  by  again  taking  up  the  elements  of  watei." 

The  following  are  examples : 

Ethyl-sulphuric  add,  formed  &om  alcohol  and  sulphuric  add : 
C*H»0  +  ffSO*  -  C«H«SO*  +  HK). 

Acetic  ether  from  alcohol  and  acetic  add : 

C«H«0  +  C»H«0«  =  C<H»0»  +  H«0. 

Nitro-bensoio  add,  from  benzoic  and  nitric  adds: 

C'H«0»  +  HNO«  =  C'H»(NO«)0«  +  H«0. 

Solpho-benzoic  add,  from  benzoic  and  sulphuric  adds : 

CH'O*  +H«SO*  =  C^fl«SO*  +  HK). 

Bensamide,  from  benzoic  add  and  ammonia : 

Cm*G*  +  NH»  -  C»ffNO  +  H»0. 

It  is  easy  to  see,  however,  that  on  this  definition  nearly  all  chemical  oomponnda 
might  be  regarded  as  conjugated :  for  the  mode  of  action  just  illustrated  is  preciaelj 
that  which  takes  place  in  the  formation  of  the  simplest  salts,  e.g. : 

Chloride  of  ethyl  .  .  .C»H«0+HC1  .  C«H»a+  H«0 
Acid  sulphate  of  potassium  .  .  KHO  +  H'SO*  =  HKSO*  +  H*0 
Chloride  of  potassium  .        .        .  KHO  +  HCl      =  KCl        +  H*0 

More  recently  (in  his  TVaiti  de  Clumie  Organiatte,  1853-56)  Cterhardt,  while  he 
admits  that  in  a  certain  sense  all  organic  compounds  may  be  regarded  as  coi^'ugated, 
nevertheless  restricts  the  actual  use  of  the  term  to  certam  groups  of  bodies,  without^ 
however,  distinctly  stating  what  they  are.  He  no  longer  appUes  it  to  the  ethers,  either 
add  or  neutral,  or  to  the  amides ;  but  indudes  among  conjugated  componnds  the  amic 
acids,  and  compounds  formed  by  the  substitution  of  bromine,  chlorine,  or  nitryl,  for 
hydrogen.     The  idea  of  a  conjugated  compound  he  explains  as  follows :  — 

"  To  connect  together  two  or  more  systems  of  double  decomposition  of  one  and 
the  same  body,  it  is  often  advantageous  to  represent  its  composition  by  a  coi^u- 
gated  radicle,  that  is  to  say,  a  radicle  made  up  of  several  radides,  each  of  which 
represents  one  such  system  of  decomposition.  We  must  regard  as  conjugated  the 
radide  of  every  body  capable  of  being  transformed,  by  certain  very  simple  reactions, 
into  comoounds  belonging  to  other  radicles  (radicaux  eonstituanU),  or  in  other  words, 
tlie  radicle  of  every  body  resulting  from  the  metamorphosis  of  such  combinations. 
Thus  acetyl,  CH*0,  may  be  regarded  as  a  conjugated  radide  composed  of  carbonyl,  CO, 
and  methyl,  CH',  because  acetic  acid  and  its  derivatives  are  capable  of  splitting 
up  into  compounds  containing  carbonyl,  and  others  containing  methyl  (i.  17);  and 
conversely,  acetic  add  nfay  be  produced  bv  the  action  of  carbonic  anhydride  on  po- 
tassium-methvl.  Similarly  with  the  radides  of  the  other  fatty  adds;  thus,  formyl 
=  CO.H;  propionyl  =  CO.C»H«;  butyryl  =  CO.CH';  amyl  =  CO.C*H»,  &c  The 
same  acid  imlicles  may  also  be  regarded  as  alcohol-radides  in  which  H'  is  replaced  by 
0 ;  thus  acetyl,  C*H»0,  may  be  regarded  as  formed  from  ethyl,  CH» ;  propionyl 
C*H»0,  from  trityl,  C»H»;  butyryl,  C*H'0,  from  tetryl,  C*H»:  this  mode  of  repre^ 
sentation  corresponding  to  the  fact  that  the  alcohols  are  converted  into  fetty  acids 
by  oxidation." 

In  general,  complex  radides  may  be  r^arded  as  coiyugated  dther  by  addition  or 
by  substitution  ;  e.  g.  tetrethylammonium,  N(C*H*)*,  is  either  a  compound  of  N  with 
4  at  ethyl ;  or  it  is  ammonium,  NH\  in  which  4  at.  H  are  replaced  by  ethyl.  The  mode 
of  representation  by  substitution  is  esp«?cially  applicable  to  bodies  formed  by  the  action 
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of  ehlorine,  broinin«>,  nitric  acid,  or  sulphuric  add  on  orgamo  bodiei,  and  to  the  amides, 
amines,  and  ammonium-bases. 

From  these  considerations— for  the  fnll  derelopment  ot  which  we  most  refer 
to  Gtrkardf$  Traiti  (iT.  602)— it  will  be  seen  that  Oerbardt  ultimately  gave  up  the 
idea  of  conjugated  compounds  as  distinct  from  others,  and  retained  the  Uam  merely 
for  the  sake  of  comprehending  certain  substances  in  groups,  and  exhibiting  certain 
anidogies  in  a  clearer  light  His  formuke,  in  fact,  represent  decompositions,  the  most 
important  transformations  being  indicated  by  the  radicles  which  appear  in  the  typical 

formula :  thu.%  when  acetic  acid  is  written,      „     1 0,  we  are  reminded  that  1  at  of 

hydrogen  may  be  exchanged  for  a  metal  or  other  basylous  radicle,  and  that  1  at. 
0  (outside  the  radicle)  may  be  replaced  by  S,  yielding  thiacetic  add,  or  by  2  at  CI, 
yielding  chloride  of  acetyl  and  chloride  of  hydrogen.  In  these  transformations  the 
radide  acetyl  remains  unaltered,  and  may  be  regarded  as  a  simple  substance ;  but  any 
other  transformations  must  affect  the  mdide  itself^  and  to  indicate  these,  the  formula  of 
acetyl  must  be  resolved  into  others,  in  the  manner  above  mentioned,  the  ace^l  then 
appearing  as  a  ooi\)ugate  instead  of  as  a  simple  radide.  (See  CLAsamokTiov,  1.  1017.) 
Considered  in  this  light,  conjugate  radidea  are  merdy  modes  of  expression  adopted 
for  convenience;  and  it  is  easy  to  show  that  by  the  extensions  of  the  typical  mode  of 
representation  of  chemical  compoimds  which  have  come  into  use  nnce  the  publication 
ot*  Qerhardt's  work,  the  use  of  ooi^ugate  radides  may  be  dispensed  with  altogether 
(see  Types).  For  example,  Gerhardt  represents  the  amic  adds  as  containing  radides 
of  this  dass,  and  refers  them  to  the  type  HH) ;  thus  — 


Type. 


Carbamic  acid. 

NHXCO)" 


Oxamie  add. 
NH«(C»0«)' 

H 


,NH') 


h 


but  they  may  alflo  be  referred  to  the  mixed  type  qqj  [>  and  then  the  eoqjogate  xadiclei 
may  be  broken  up :  thus  — 


h[n 

<H) 

m 

H 


CailMunicacid. 

(co)'':^ 

n  } 


Osamleaeid. 

(OH)*)" 
H 


In  like  manner,  many  solpho-adds,  supposed  by  Gerhardt  to  contain  conjugate 
radicles,  because  they  were  referred  to  the  type  H*0,  may  be  regarded  as  derived  from 


the  mixed  type  u,    |  and  as  containing  simple  radides,  e.g. : 


Typcfc 

H 


Sulphurous  acid. 


H 


Methyl.tulphurous 

acid. 
CH«(SO») 

H 


CH« 
(80.,- 


SulphopbcBjUe 
acid. 

C-H»(SO')JQ 


C^» 

(so«)-r 


The  same  mode  of  representation  may  be  applied  to  the  add  ethers  of  dibasic  adds. 

If  they  are  referred  to  the  Qrpe  HH),  they  must  be  supposed  to  contain  conjugate 

radides: 

-,__  BthTl'tolphurie  or  PlienjrI.sulphailc  or 

^7P«-  SuIpbOTtnIc  acid.  Sulphocarbollc  add. 

Il^j  C«HXSO')0|o  C^»(SO«)Ojo 

but  by  referring  them  to  the  type  HK)',  they  appear  as  add  salts  exactly  analogcus  to 
add  sulphate  of  potassium : 

Bthyl-tulpburic  add.  Pbeoyl-ralpharic  add 

C«H»     ?^  C-H»     )- 


Trv^- 


H) 


H, 

H 

H 


0 


Su]pliuric  add. 
H 


(SOT 


0 


(SOT 


J 


Theoe  examples  are  suffident  to  show  that  the  transformations  of  any  compound,  so 
far  as  they  are  known,  may  bo  represented  by  typical  formuhe  without  the  aseumptioo 
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of  coiyngate  x^dides.  Still  the  use  of  these  radidee  is  often  oonTenienty  inasmadi  as 
it  afforas  ^rpieal  formulae  of  comparatiTdy  simple  stroctore,  and  such  aa  bring  pro- 
minently into  yiew  a  certain  act  of  reactions,  which  may  be  the  especial  object  of  eon- 
aideration.  Bat  it  applies  equally  veil  to  all  classes  of  compounds,  excepting  of  coarse 
the  very  simplest ;  ana  the  compoonds  to  which  the  term  coqjo^^  has  been  and  still 
is  by  some  chemists  most  fireqaently  applied,  are  not  distii^B[ai8hed  by  any  essential 
characters  from  those  which  are  commonly  assumed  to  be  of  simple  constitution. 

We  must  not,  however,  omit  to  notice  that  there  are  a  few  compounds,  produced  by 
the  action  of  sulphuric  acid  on  organic  bodies, —  the  very  class,  indeed,  to  which  the 
term  conjugate  was  originally  appUed, —  which  are  still  supposed,  by  some  chemists, 
to  posaeM  peculiar  properties  entitling  them  to  the  name. 

One  chaiaeteiistic  of  a  true  coiyugated  acid,  is  said  to  be  the  comparatiTcly  greater 
permanence  of  the  compound  radicle  which  it  contains,  and  the  power  poeseraed  by 
that  radide  of  passing  from  one  type  to  another  without  decomposition.  Thus,  sulpho- 
phenylic  add  is  transformed  by  pentachloride  of  phosphorus  into  chloride  of  sulpho- 
phenyl,  and  this,  by  the  action  of  ammonia,  into  sulphqphenylamide : 

Sulphophenjrlle  Chloride  of  Solphophenyl. 

acid.  sulpbophenyl.  ninlde. 

^'<.^\o  C-ffCSOO-Ol  *^'<TJN 

Here  the  radide  OH'(S0»),  which- is  found  in  all  the  three  compounds,  is  said  to  be 
conjugated.  The  formation  of  the  chloride  fit>m  the  add  ma^,  however,  be  shown  to 
take  place  quite  in  the  usual  way,  without  assuming  any  pecuhar  fixity  in  this  radicle. 
The  action  of  chloride  of  phosphorus  on  adds  and  other  oxides  is  known  to  consist  in 
the  replacement  of  O,  in  the  type  HK),  by  CI*,  the  result  being  the  formation  of  two 
separate  chlorides,  because  the  bond  which  held  together  the  two  atoms  of  hydrogen, 
or  their  equivalents  in  the  type  H'O,  is  broken  up :  thus, 

H)-.     .        HCl        C»H«0>rt     .        CH>0.C1 
0  gives  g^;  ^r  ^^^ 


H 


HCl 


In  like  manner,  if  we  represent  sulphophenylie  add  by  a  formula  modelled  on  the 
mixed  type  m    [  >we  find  that 

Sulphopben]rlic  Chloride  of 

acid.  tulphophenyl. 

c^»  cm 

The  chloride  belongs  to  the  mixed  type  Wrntt  ^^  *<">  molecules  H*  and  HQ  being 

bdd  together  by  the  radide  ^0',  just  as  the  two  molecules  H*  and  H*0  were  in  the 
original  add. 

In  fact,  chloride  of  sulphophenyl  is  related  to  sulphophenylie  add  in  exactly  the 
Bame  maimer  as  chlorhydrosulphuric  add  (S0*HC1\  the  compound  formed  by  the 
action  of  pentachloride  of  phosphorus  on  sulphuric  acid,  is  related  to  that  add : 


Type. 


Sulphuric 
add. 


H 

(SO')" 

H 


Type. 

H 

Jhci 


Chlorbydro- 

•ulphuric 

acid. 


(SO' 


^Jo 


Cl 


Type. 

H 

il 


Sulpho- 
phenylie acid. 

C^» 


Type. 

H 
H 

Ha 


Chloride  of 
lolphophenyL 

C«H» 

(soY-ca 


If  sulphophenylie  add  is  to  be  regarded  as  coi^'ugated,  on  account  of  the  formation 
of  dilonde  of  sulphophenyl,  sulphuric  add  ought  likewise  to  be  regarded  as  a  coi\ja- 
gated  add,  on  account  of  llie  formation  of  chlorhydrosulphuric  add: 
HCSO«)0)q  C«H»(S0»)0Jq^ 

Sulphuric  acid.  Sulphophenylie  acid. 

Chlorhydrosulphuric  add  would  then  be  regarded  as  the  chloride  of  the  same  radide, 
namely,  H(S0*)0.C1 ;  in  fact,  when  treated  with  water,  it  reproduces  sulphuric  acid, 
just  as  chloride  of  sulphophenyl  reproduces  sulphophenylie  acid.     (Eekul^.) 

Another  dass  of  adds  to  which  the  term  conjugate  is  still  sometimes  applied,  in- 
dudes  those  which  result  fi«m  a  peculiar  action  of  sulphuric  add,  especially  of  the 
fuming  add,  on  certain  organic  bodies, — the  change  consisting  in  the  abstraction  of  an 
atom  of  hydro^n  from  the  radicle  of  the  compound,  which  radicle  accordingly  nnder> 
goes  an  alteration  of  atomidty,  becoming,  for  example,  diatomic  instead  of  monatomie 
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This  change  may,  however,  be  easily  represented  by  means  of  mixed  types,  as  in  th« 
{allowing  formolffi  of  solphacetic  and  sulpbobenzoic  adds : 

Acetic  acid.  Bentolc  add. 

Sulphaoetie  add.  Stilpbobeoioie  add. 

(so«ri 

H"  \^ 

These  sulpho-acids  are  formed  from  acetic  and  benzoic  acid  in  the  same  manner  as 

(CUTlo  cm*) 

isethionic  acid,  (SO*)"  {     ,  from  alcohol,       u  c  ^'^     ^'^  ^^  ^^  <^*^  °^7  ^  formed 
H»  lO  ^>     ' 

(C«HTlo 
by  the  action  of  boiling  water  on  snlphate  of  carbyl,  C*H*S*0*,  or  (SO*)"*     .which is 

itself  a  product  of  the  action  of  snlphoric  anhydride  npon  ethylene  C^*"  ti  this  last 
modf)  of  formation  there  is  no  alteration  of  the  radicle ;  consequently,  if  such  alteration 
were  supposed  to  necessitate  the  representation  of  the  reenltix^  componnd  by  a  formula 

containing  a  coi^ugate  radicle,  e.  g.  sulphacetic  add,  by        ^     h  C  ^'  *°diMthionia 

add,  by  w  I  ^'  '^  ^'^^^^  follow  that  the  last-mentioned  add  might  be  regarded 

as  conjugated  or  non>coi\)Ogated,  according  as  it  was  formed  from  alcohol  or  from 
olefiant  gas. 

From  all  these  considerations  it  follows  that  there  is  no  ease  in  which  the  use  of 
conjugate  radicles  is  a  matter  of  necessity,  the  use  of  a  radide  or  of  a  type  of  greater 
or  less  complexity  being  in  aW.  cases  a  matter  of  oooTenienoe,  and  determined  by  the 
particular  kind  of  chemical  transformation  which  the  formula  is  intended  to  represent. 
It  would  be  well,  therefore,  if  the  idea  of  comngation,  as  denoting  any  peculiar  mode 
of  chemical  combination,  were  altogether  banished  from  the  sdence  (Kekul^ 
Lekrbuch  dtr  Orffanischen  Chemit,  1869,  L  192). — On  the  history  of  coqjuffate  oom-> 
pounds,  see  also  Limpricht  and  r.  Uslar,  Ann.  Ch.  Fharm.  di  139;  Mendius, 
•6u/.  dii.  39;Eekal^  ihid.cxv.  129;  cvL  129;  Limpricht,  ibid.  dr.  177);  also 
the  articles  Culssification,  Radicubs,  SxJBsrmrnoK,  and  Ttfbs,  in  this  Dictionary. 

OOWSCTZW  TIBSITB.  Bindgevoehe. — This  term  is  applied  to  a  tissue 
diemically  allied  to  cartilage,  though  of  a  simpler  character,  and  comprises,  not 
merely  the  porous  soft  cellular  substance,  characterised  by  the  readiness  with  which 
it  may  be  filled  with  air,  which  connects  together  the  various  organs  and  tissues  of 
the  animal  organism,  and  was  formerly  called  cellular  tissue,  but  also  those  morpho- 
logical elements  which  constitute  the  solid  basis  of  many  of  the  animal  membranes 
and  ligaments.  The  tissue  which  connects  the  organs  one  with  another,  forming  & 
network  of  variously  sised  meshes  composed  of  long  slender  fibres  (of  0-0003— O-OOUfi" 
diameter),  for  the  most  part  united  in  bundles,  is  called  amorphous  (Henle),  or  loose, 
areolar  connective  tissue  (Kd  Hiker).  This  tissue  gradually  passes  into  a  more  solid 
variety  distinguished  by  the  epithet /ormrc^  (Henle),  or  compact  (Kolliker),  which 
forms  the  basis  of  the  tendons  and  ligaments,  the  fibrous  membranes  and  muscular 
fasciae,  the  envelopes  of  many  soft  organs  (the  dura  mater,  neuroUmma,  &cA  the  serous 
and  synovial  membranes,  the  coats  of  the  veins,  the  so-called  vascular  membranes,  {pia 
mater,  ekordidea,  ttc),  the  interarticular  cartilages,  &c. 

The  true  connective  tissue  is,  however,  constantly  mixed  with  vessels,  nerves,  fat-cells, 
elastic  fibres,  and  frequently  also  with  onstriped  muscular  fibres,  which  cannot  be 
mechanically  separated  from  it,  so  that  its  chemical  examination  is  a  matter  of  some 
difficulty ;  but  from  the  analysis  of  those  organs,  such  as  the  tendons,  in  which  it  is 
mixed  with  the  smallest  amount  of  these  morphological  elements,  it  appears  to  be 
identical  in  composition  with  gelatin. 

Connective  tissue  immersed  in  boiling  toaier  contracts  somewhat  at  first,  but  soon 
swells  up  like  a  jelly,  and  dissolves  on  prolonged  boiling,  yielding  a  solution  of  gelatin. 
If  the  watrr  contains  an  add  or  alkali  in  solution,  the  transformation  is  effected  much 
more  quickly. 

The  change  which  here  t^kes  place  is  rather  physical  than  chemical :  for  the  con- 
nect ivi?,  and  indeed  all  the  gelatinising  tissues,  appear  to  have  essentially  the  same 
imposition  as  gelatin  itadi,  as  may  be  seen  from  tne  following  analyses  by  Scherer 
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(Ann.  Ch.  Pharm.  Ix.  46-49)  and  Mulder  (Tcr*.  einer  aUgem.  physioL  Ckem.  Bzann- 
■chweift  1844—61,  p.  333.) 


*- , 

Scherer. 

Mulder. 

ItinitlaM* 

Tendooi. 

Sclerotica! 

Stag's  born.  Unglui 

Carbon  .    . 

.    60-657 

60-774      49-663 

60-996 

60-06      60-76 

Hydrogen  . 

.      6-903 

7-162        7148 

7076 

6-64        6-64 

Kitrogen    . 

.     18-790 

18-230      18-470 

18-723 

18-39       18-31 

Oxygen.    . 

.    23-670 

23-764      24-819 

23-207 

24-92       24-29 

In  concentrated  acetic  acid  conneetiTe  tissue  swells  up  and  becomes  transparent,  but 
does  not  dissolve  till  water  is'  added  and  heat  applied.  The  acetic  solution  is  not  pre< 
dpitated  either  by  red  or  by  yellow  prussiate.  In  dilute  acetic  add,  the  fibres  of 
connectire  tissue  likewise  swell  up,  becoming  transparent  and  inyisible,  but  do  not 
dissolve,  even  after  several  hours'  boiling ;  for  on  washing  with  pure  water,  or  neutral- 
jdng  the  add  with  ammonia,  they  reappear  in  their  original  form.  As^  most  of  the 
other  textural  elements  which  are  intermixed  with  the  connective  tissue  are  not 
tendered  invisible  by  acetic  acid,  they  are  brought  more  distinctly  into  view  by  its 
i4)plication :  hence  this  acid  affords  valuable  aid  in  the  histolo^cal  study  of  the  tissues. 
In  alkalis  the  fibres  also  swell  up  in  the  gelatinous  form,  but  if  the  action  of  the  alkali 
has  been  continued  for  some  time,  they  do  not  reappear  on  addition  of  water,  but  are 
thereby  dissolved. 

Embryonic  connective  tissue  (Virchow's  mttcous  Hssm)  does  not  yield  gelatin 
when  boiled  with  water,  (Scherer);  it  consists,  in  addition  to  fiisiform  cells,  of  a 
peculiar  intercellular  substance,  which,  when  digested  with  water,  yidds  albumin 
together  with  a  gelatinous  or  mucous  substance.  (Lehmann'-a  Phytioloffical  Chemittryf 
m.  46 ;  Gmelin's  Handbuch,  viii.  [2]  467). 

OOHWSUUTS.  A  Cornish  mineral,  consisting  of  cupric  chloride,  sulphate,  and 
water,  foi-ming  small  fibrous  crystals,  belonging  to  the  hexagonal  system,  translucent^ 
of  blue  colour  and  glassy  lustre,  insoluble  in  water,  easily  soluble  in  hydrochloric  and 
nitric  adds.    (Connell,  J.  pr.  Chem.  xliL  463.) 

COKTACT  ACTZOV.  Catalytic  action.  Catalysis.  These  terms  are  applied  to 
a  numerous  class  of  chemical  actions,  in  which  the  combination  of  two  bodies,  or  the 
decomposition  of  a  compound,  is  brought  about  by  the  intervention  of  a  substance 
which  shows  no  tendency  to  unite  wit£  either  of  the  bodies  concerned,  and  remains 
unaffected  by  the  changes  which  take  place.  Berzelius,  who  first  drew  attention  to 
this  class  of  actions,  supposed  that  substances  acting  in  this  manner  possessed  a  pecn- 
liar  power  which  he  called  "catalytic  force"  (from  KoroKvtiy,  to  resolve);  he 
regarded  this  power  as  a  manifestation  of  electric  force,  different,  however,  from  the 
ortlinary  action  of  electridty.  Mitscherlich  designates  substances  thus  acting  "con- 
tact substances,"  and  the  mode  of  action,  as  chemical  action  or  combination  by 
contact. 

Examples  of  these  contact  actions  are  found  botii  in  inorganic  and  in  oi^ganie 
cliemistry;  e.  q.  the  action  of  platinum  and  other  metals  in  inducing  the  combination 
of  oxygen  an^  hydrogen ;  the  rapid  decomposition  of  peroxide  of  hydrogen  by  the 
presence  of  platinum,  silver,  fibrin,  &c. ;  the  conversion  of  starch  iuto  dextrin  and 
sugar  by  boiling  with  addulated  water ;  the  conversion  of  cane-sugar  into  grapo-sugar 
by  contact  with  adds ;  and  the  numerous  and  varied  phenomena  of  fermentation  and 
putrefaction. 

The  connection  between  these  somewhat  obscure  phenomena  and  those  of  ordinary 
chemical  action,  is  perhaps  to  be  found  in  the  idea  suggested  by  Berzelius,  that  they 
are  due  to  some  modification  of  the  dectric  state  of  the  bocues,  or,  to  speak  more 
generally,  to  a  polarisation  of  the  combining  or  separating  atoms  induced  by  the  pre- 
(icncc  of  the  apparently  inactive  body.  Take,  for  example,  the  action  of  platinum  in 
inducing  the  combination  of  oxygen'  and  hydrogen.  We  know  firom  the  effects  of 
Grove's  gas-batteiy  (see  ELBcmicrrr),  that  when  two  glass  tubes  containing  oxygen 
and  hydrogen  respectively  are  inverted  over  vrater,  and  platinum  plates  immersed  in 
'them,  partly  in  the  gas  and  partly  in  the  water,  the  plates  being  also  connected  by  a 
wire  outside  the  tubes,  the  gases  gradually  disappear,  and  a  voltaic  circuit  is  formed, 
in  which  the  platinum  immersed  m  the  hydrogen  corresponds  to  the  positive  or  zinc 
plate  of  the  ordinary  battery.  This  effect  indicates  a  polarisation  of  the  molecules  of 
hydrogen,  oxygen,  and  platinum,  such  as  is  represented  in  the  following  diagram  : 

PtH       OR 

-  +  -    + 

Now  it  is  highly  probable  that  a  similar  polarisation  and  consequent  combination  of 
the  oxygen  and  hydrogen  takes  place  when  a  dean  platinum  plate  or  wire,  or  finely 
divided  platinum,  is  introduced  into  a  mixtoie  of  those  gases,  the  effect  of  the  metal 
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l>eing  doe  to  the  facility  with  which  its  contignoxu  particles  place  themselTes  in  oppo- 
nitf  electrical  or  polar  states.  The  peculiar  efficacy  of  platinum  in  brinp:ing  about  such 
rombinationB,  appears  to  be  related  to  its  medium  position  in  the  el^tncal  or  chemical 
series :  we  know,  indeed,  from  the  purely  chemical  relations  of  platinum,  that  it  is 
almost  equally  disposed  to  play  the  part  either  of  a  chlorous  or  acid,  or  of  a  positive 
nr  basylous  element.  The  more  energetic  action  of  the  finely-divided  metal  is  of  course 
«lue  to  its  larjrcr  surface,  and  to  t1i»»  jiower  which  such  bodies  possess  of  condensing 
gases  within  thoir  pores.  The  deconiposition  of  peroxide  of  hydrogen,  by  contact  with 
platinum  and  other  metals,  may  be  supposed  to  take  place  in  a  similar  manner. 

The  polarised  state  to  which  we  have  attributed  the  action  of  platinum  in  these 
cases  is  by  no  means  an  isolated  condition,  but  one  which  pervades  the  whole  range  of 
chemical  phenomena.  That  the  whole  of  the  molecules  composing  a  voltaic  circuit 
may  be  regarded  as  polarised,  was  pointed  out  many  years  ago  by  Graham  {^Elmunt* 
of  Chemistry,  1st  ed.,  1841);  and  that  a  similar  polarised  state  comes  into  play 
in  ordinaiy  cases  of  chemical  action,  and  may  serve  to  account  for  many  phenomena 
asually  regarded  as  somewhat  obttcure. —  such  as  the  peculiar  ener^  of  bodies  in  the 
40-called  nascent  state, — the  decomposition  of  peroxide  of  hydrogen  oy  certain  metallic 
oxides,  which  are  themselves  at  the  same  time  reduced  to  a  lower  state  of  oxidation — the 

+  —  +-  +—  +- 
reaction  between  hydrochloric  acid  and  hydride  of  copper  (Cu»H»  +  2HCl-.Cu*Cl'+  2HH) 
—the  mutual  decomposition  of  hydriodic  and  iodic  acids — and  many  similar  phenomenn, 
—  was  shown  by  Brodie  in  his  pap^r  "On  the  condition  of  certain  elements  at  the 
moment  of  chemical  charge  "  (PhiL  Trans.  1860,  p.  769) ;  see  also  Chemicai,  ApmnTY 
(i.  868).  When,  therefore,  we  refer  the  action  of  platinum  and  other  metals  to  chemical 
or  electrical  polarity,  we  merely  point  out  that  these  phenomena  may  be  regarded  as 
particular  cases  of  a  recognised  mode  of  action.  Whether  the  so-called  contact  actions 
which  are  so  frequently  obsen'ed  in  organic  chemistty,  such  as  the  action  of  ferments, 
and  the  conversion  of  starch  into  sugar  by  the  action  of  acids,  can  be  explained  in  a 
similar  manner,  is  a  question  which  does  not  at  present  admit  of  a  decided  answer. 
(See  a  paper  by  Dr.  T.  L.  Phipson :  La  Force  catalytique  ou  itudt*  »ur  lee  PAenO' 
mhua  de  Contact"    Haarlem,  1868.) 

It  not  unfrequently  happens  that  reactions  are  effected  with  ease  by  nsinf^  a  con- 
siderable excess  of  one  of  the  reagents,  which  can  be  brought  about  only  with  difficulty, 
or  not  at  all,  by  using  only  as  much  of  the  reagent  in  question  as  actually  takes  part 
in  the  chemical  change.  These  reactions  may  reasonably  be  regarded  as  a  special 
class  of  contact  action,  the  excess  of  the  reagent  facilitating  the  action  of  that  portion 
which  takes  part  in  the  reaction,  in  much  the  same  way  as  in  other  cases,  the  "et^ntart- 
auhatanc*  "  promotes  the  action  of  a  body  chemically  different  from  itself.  The  most 
probable  explanation  that  has  hitherto  been  suggested  of  this  action  of  the  masit  of 
a  reagent,  and  of  catalytic  actions  in  general,  is  that  the  contact-substance  assists  the 
reaction,  by  exerting  its  affinity  in  the  same  direction  as  the  bodies  striving  to  react 
upon  another,  but  under  such  conditions  that  it  cannot  itself  undergo  alteration.  This 
supposed  mmlo  of  action  will  be  made  more  easily  intelligible  by  an  example :  if  oxalic 
acid  is  heated  with  nitric  acid  until  it  begins  to  l>e  oxidised,  and  water  is  then  added 
to  the  mixture  until  the  action  ceases,  the  oxidation  imme<Hately  begins  again  on  the 
addition  of  a  small  quantity  of  a  protosalt  of  manganese  (Mercer).  In  this  instance, 
the  tendency  of  the  manganous  salt  to  become  a  manganic  salt,  acts  in  the  same  direction 
as  the  attraction  of  the  elements  of  the  oxalic  acid  for  the  oxygen  of  the  nitric  acid, 
which  is  thus  decomposed  under  the  influence  of  both  substances  acting  together,  under 
circumstauces  in  which  it  would  not  have  been  decomposed  by  either  alone ;  a  sesqui- 
salt  of  manganese  being,  however,  incapable  of  existing  in  an  acid  solution  containing 
oxalic  at'id,  the  protosalt  of  manganese  remains  unchanged,  although  aiding  by  its 
presence  to  bring  about  the  reaction.  This  mode  of  explaining  many  cases  of  so-calleil 
action  of  contact,  was  first  suggested  by  Mercer  (Brit.  Assoc.  Rep.  1842,  voL  ix.  Notices 
and  Abstracts,  p.  32);  it  was  further  developed  by  Play  fair  (Mem.  and  Proc.  Chem. 
Soc.  (1847)  iii.  348),  and  is  applied  bvKekuU  (Lehrb.  d.  Org.  Chem.  i.  142,  note)  to 
the  explanation  not  only  of  such  phenomena,  but,  in  the  way  indicated  above,  to 
those  commonly  referred  to  the  action  of  mass. 

COWAXl^AlKAIkXTZW.  A  substance  produced  by  the  action  of  acids  and 
alkalis  on  convallamarin.  It  separates  from  the  liquid  in  crystalline  spangles,  cakes 
together  into  a  resinous  mass  on  boiling,  melts  when  heated  alone,  and  aecomposes  by 
diy  distillation.     (Walt) 

COXrVAJUiABKAXnf  •  A  bitter  substance  contained,  together  with  convallarin, 
in  Convallaria  majalis  (Solomon's  seal).  It  is  obtained  by  diluting  and  filtering  the 
mother-liquor  from  which  the  convallarin  has  sepirated,  then  digesting  with  animal 
charcoal,  precipitating  with  tannic  acid,  and  separating  the  tannic  acid  with  oxide  of  lead. 
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ConTalkmarm  is  a  white  powder,  having  a  bitter  taste,  with  peculiar  sweetish  after* 
taste,  easily  soluble  in  water  and  alcohol,  nearly  insoluble  in  ether.  By  heating  the 
aqueous  solution  with  dilute  sulphuric  acid,  the  couTallamarin  is  resolved  into  sugar, 
water,  and  convallamaretin.  Nitric  add  colours  convallamarin  yellow ;  strong  sulphuric 
acid  colours  it  violet,  but  the  colour  disappears  on  dilution.  Alkalis  decomposes  it, 
with  separation  of  eonvallamaretin.    (Wale.) 

COtrViitAAttmTSXm    See  CoNVAiXABiN. 

COWIiV^ti'KtA .  The  flowers  of  Convallaria  majalu  (Solomon's  seal)  yield, 
by  distillation  with  water,  a  small  quantity  of  a  volatile,  crystalline,  strong-smelling 
camphoroi'dal  substance,  and  a  bitter  principle  (Herberger).  Walz  (N.  Jahrb. 
Fharm.  1858,  x.  145)  has  obtained  &om  this  plant  two  compounds,  named  con- 
vallarin  and  convallamarin. 

In  the  herb  and  stalks  of  lily  of  the  valley,  Convallaria  mtdUflora,  Walx  finds 
asparagin,  starch,  sugar,  dttic  acid,  malic  add,  and  a  crystallisable  substance  which 
produces  a  scratching  sensation  in  the  throat 

COirVAIAAXXV.  A  substance  contained  in  Convallaria  majalit.  The  plant, 
collected  during  or  after  the  flowering  time,  ia  dried,  pulverised,  and  exhaustea  with 
alcohol  of  0*84  ;  the  tincture  is  predpitated  with  subacetate  of  lead ;  the  lead  removed 
firom  the  filtrate  by  sulphuretted  hydrogen ;  and  the  crystals  of  oonvallarin,  which 
separate  on  evaporation,  are  purified  by  washing  with  ether. 

Oonvallarin  is  composed,  according  to  Walx,  of  C^fi"0";  .it  crystallises  in  right 
rectangular  prisms,  is  sparingly  soluble  in  water,  to  which  it  imparts  an  irritating 
taste,  and  the  property  of  frotmng  when  agitated.  By  proloiiged  boiling  with  acids,  it 
is  said  toyieldsugar  and  convallaretin,  C^H^C,  a  yellowish-white  ciystalline  mass, 
soluble  in  ether,  and  having  a  slight  resinous  taste. 

COWOXiWaUCC  ACZB.  An  add  formed  firom  convolvulin,  under  the  influence 
of  bases,  by  addition  of  the  elements  of  water.  It  was  first  obtained  by  Kaiser  (Ann. 
Ch.  Pharm.  li.  30),  who  called  it  hydro-rhodeoretin,  and  aligned  to  it  the  formula 
C?"i?"0*',  afterwards  more  fuUy  examined  by  Mayer  («Wrf.  btxxiii.  126  :  xcv.  162),  who 
gave  it  the  name  rhodeoretic  acid,  and  regarded  it  as  a  dibasic  add,  C**H*K)".H', 
or  C"H^(^.2H0 ;  subsequently,  however,  he  has  considered  it  as  a  tribasic  acid, 
with  the  formula  C^IP'O^.SHO  (or  sexbaeic,  according  to  the  formula  C«H**«0«».H*). 

Convolvtdic  add  is  prepared  by  boiling  100  grammes  of  convolvulin  in  500  grms.  of 
baryta-water  with  frequent  agitation ;  predpitating  the  baryta,  after  cooling,  with  a 
slight  excess  of  sulphuric  add ;  then  removing  the  excess  of  sulphuric  add  by  agitation 
with  carbonate  of  lead;  predpitating  the  dissolved  lead  by  sulphuretted  hydrc^n, 
and  evaporating  the  filtrate  on  the  water-batL 

Convolvulic  add  is  a  white,  veiy  hygrometric  substance,  resembling  convolvulin  in 
appearance,  soluble  in  all  proportions  in  water  and  in  alcohol,  insoluble  in  ether.  The 
aqueous  solution  has  a  strong  add  reaction,  and  a  very  funt  odour  like  that  of  quinces. 
It  softens  at  a  few  degrees  al^ve  100°  C,  melts  between  100°  and  120°,  and  decompose! 
tit  higher  temperatures. 

It  contains,  according  to  the  mean  of  Mayer^s  analyses,  52'60  per  cent,  carbon  and 
7*81  hydrogen,  whence  Mayer  deduces  the  formula  C^B*'0^  (528  per  cent  C,  and  7-6  O), 
representing  the  add  as  convolvulin,  plus  3  at.  water.  This  formula  is,  however,  im- 
probable, on  account  of  the  uneven  numbers  of  atoms  of  hydrogen  and  oxygen. 

Convolvulic  acid  reacts  like  convolvulin  with  acetic,  nitnc,  and  strong  suJphuric  add. 
By  boiling  with  dilute  sulphuric  or  hydrochloric  add,  it  is  resolved  into  convolvulinolio 
add  and  glucose ;  the  same  effect  is  produced  by  emulsin : 

CH^C^  +  8H0  »  C^B^CP  +  SC'ff'O". 

Convolvulic  add  expels  carbonic  add  from  alkaline  and  earthy  carbonates,  especially 
with  the  aid  of  heat  The  aqueous  solution  of  the  add,  either  free  or  after  neutralis- 
ation with  ammonia,  does  not  predpitate  the  solution  of  any  neutral  metallic  salt ;  but 
with  basic  acetate  of  lead,  it  yields  white  bulky  flakes. 

The  acid,  boiled  with  excess  of  baryta-water,  yields  a  so-called  neutral  salt, 
(?»fi»'5a'C)»(?),  while  if  the  acid  is  in  exc^  an  add  salt  C"H"BaO*^  (?),  is  obtained. 
Both  salts  are  amorphous,  diaphanous,  brittle,  bitter,  with  an  odour  of  quinces,  very 
soluble  in  water  and  alcohol,  melt  between  100°  and  110°  C.  A  caleium-saltt 
C^Il"CcfG**  (?),  obtained  by  boiling  the  add  with  milk  of  lime,  is  amorphous; 
slightly  yellowish :  its  aqueous  solution  has  a  faint  odour  of  quinces. 

An  acid  poiassium'Salt,  containing  5'65  per  cent  potash,  is  obtained  by  saturating  the 
acid  with  potash,  evaporating  to  drj'ness  and  redissolving  in  alcohoL  It  is  amorphous, 
very  soluble  in  water,  sparingly  in  alcohol.  The  aqueous  solution  is  bitter,  and  has  the 
odour  of  quinces.    This  salt  melts  between  100°  and  110°C.    (Mayer.) 
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COWO&W&XW.  A  resin  contained  in  the  tuberose  or  officinal  jalap-root  (the 
rhizome  of  Convolvulus  Schiedanua,  Zucc).  According  to  M  aj  er'  s  last  inTestigatiocv 
(Ann.  Ch.  Pbarm.  xcv.  161),  it  contains  C"H»»0'«  or  (7«i^0",  and  is  homologoua 
with  jalapin,  the  resin  of  fosiform  jalap  {Convdmdm  orizabensis.  Pell).  [It  may 
be  inferred  firom  Mayer's  experiments,  though  the  fitct  is  not  distinctly  stated,  that  con- 
Tolrulin  and  jalapin  exist  together  in  both  kinds  of  jalap-root,  the  convolTulin  being 
more  abundant  in  the  tnberMe,  the  latter  in  the  fusiform  species.]  Mayer  formerly 
regarded  it  as  C^H^O^  +  HO;  Kayser  {loc.  eU.)  as  C»B»0*',  Laurent  as  C?H**Cf^, 
or  C"H*0'«. 

ConvolTnlin  is  prepared  from  the  root  of  Convolvulus  Schiedanus  by  exhausting  the 
root  with  boiling  water ;  drying,  and  coarsely  pulTerising  it ;  then  treating  it  three 
times  with  twice  its  weight  of  alcohol  of  90  per  cent. ;  mixing  the  alcoholic  extract 
with  water  till  it  begins  to  show  turbidity ;  then  treating  the  liquid  twice  with  animal 
charcoal ;  distilling  the  alcohol  from  the  filtrate ;  repeatedly  treating  the  residual  pul- 
verised resin  (amounting  to  between  10  and  15  per  cent  of  the  root)  with  ether ;  dis- 
solving the  residue  in  the  smallest  possible  quantity  of  absolute  alcohol ;  precipitating 
with  ether ;  and  repeatins  the  solution  and  precipitation  till  the  precipitate  is  quite 
free  from  the  portion  of  the  crude  resin  which  is  soluble  in  ether.  The  residue  ulti' 
mately  obtained  is  pure  convolvulin. 

CoDvolvulin  is  a  colourless  transparent  resin,  which,  when  pulverised,  yields  a  white 
powder  like  gum  arabic.  It  is  tasteless  and  inodorous,  nearly  insoluble  in  water, 
easily  soluble  in  alcohol,  but  insoluble  in  ether,  whereby  it  is  distinguished  from 
jalapin;  the  alcoholic  solution  has  a  slight  acid  reaction.  The  resin  melts  below 
100°  C.  when  moist ;  but  in  the  dry  state  it  softens  only  at  141°,  and  melts  at  150° 
to  a  light  yellow  transparent  liquid ;  above  155°  it  begins  to  decompose.  When 
heated  in  the  air  on  platinum  foil,  it  bums  with  a  smoky  flame,  tUffJuring  an  odour  like 
that  of  carameL 

Convolvulin,  dried  at  150°  C,  contains,  according  to  Mayer's  analysis,  from  54-21  to 
65*01  per  cent,  carbon,  and  7*89  to  8-07  hydrogen;  th6  formula,  C"H*K)",  requires 
64-97  C  and  7*37  H. 

Finely  divided  convolvulin  dissolves  in  aqueons  alkalis  even  in  the  cold,  more 
easily  when  heated,  and  is  converted  into  convolvulic  acid.  It  dissolves  also  in  acetic 
acid.  Very  dilute  nitric  acid  dissolves  it  slowly  in  the  cold,  more  readily  when  heated, 
bat  with  decomposition.  Stronger  nitric  add  decomposes  it  immediately,  with  evolution 
of  nitrous  add  and  formation  of  oxalic  add  and  ipomseie  add,  an  isomer  of  sebadc 
add  (C'»H'»0«). 

Ck)nvolvulin  dissolyed  in  alcohol  is  resolved  by  hydrochloric  add  into  convolvulinolie 
add  and  glucose: 

2C"H»K)"  +  IIHK)  =  (?«H"0»  +  6(3«H»0«. 
CoDTOlTuUn.  CoovoItuHdoIIc       OIucom. 

mcid. 

Convolvulin  is  not  affected  by  cold  dilate  sulphuric  add ;  but,  when  triturated  with 
strong  sulphuric  add,  it  dissolves  with  fine  carmine-red  colour,  changing  after  a  while  to 
brown ;  the  solution  after  standing  for  a  longer  time  deposits  a  brown-black  substunco. 
In  this  reaction  also,  convolvulin  is  resolved  into  convolvulinol  and  glucose.  It  is 
therefore  a  glucodde. 

Convolvulin  is  the  active  prindple  of  jalap-resin ;  it  exerts  a  very  strong  puiga- 
tive  action,  even  in  doses  of  a  few  grains. 

COWOKVUXiZVOKIO  AOXB.  Convolmdinol,  Rhodeoreiinol.  (Kaiser,  loc. 
eit. — Mayer,  loe.  cti.) — This  compound  is  produced,  together  with  glucose,  by  th^ 
action  of  dilute  adds,  or  of  emulsin,  on  convolvulic  acid.  To  prepare  it,  30  grms.  of 
convolvulic  add  are  dissolved  in  300  grms.  of  water,  the  solution  is  heated  to  the 
boiling  point,  and  20  gnns.  of  strong  sulphuric  acid  diluted  with  200  grms.  of  water 
are  tidded  to  it,  the  boiling  being  continued  for  some  time.  Convolvulinolie  acid  then 
partly  separates  as  an  oU,  partly  remains  dissolved  in  the  water,  and  separates  in 
oolourlew  microscopic  needles  on  cooling.  It  is  inodorous,  but  has  a  harsh,  slightly 
bitter  taste.  It  dissolves  but  very  sparingly  in  pure  water,  more  freely  in  acidulated 
water,  very  easily  in  alcohol,  less  easily  in  ether;  it  does  not  crystallise  either  from 
alcohol  or  from  ether.  It  feds  greasy  and  softrnn  between  the  fingers,  melts  at  38-5<^ 
or  39°  C.  to  a  yellow  oily  liquid,  and  solidifies  apiin  at  36°.  The  mdted  acid,  diffhsed 
in  water,  imparts  to  it  a  peculiar  odour  like  that  of  the  carob  bean. 

Heated  on  platinum  foil  in  contact  with  the  air,  it  appears  to  volatilise  for  the  most 
part  without  decomposition,  the  vapours  having  a  strong  cough-exciting  odour  like 
tliat  of  sebacic  add-  Stroiijg  sulphuric  add  colours  convolvulinol,  first  ycUowish,  then 
amaranth-red,  like  convolvulin.  Strong  nitric  acid  oxidises  it  to  oxalic  and  ipomaeic  acidsu 

Convolvulinolie  acid,  prepared  as  above,  contains,  according  to  the  mean  of  Mayer't 
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analyses,  65*47  per  cent  carbon  and  10*71  hydrogen,  whence  he  deduces  the  improhaU^ 
formula  C**JP*0'  (66*8  per  cent  C,  and  10*6  H).  When  separated  from  its  salts,  how- 
ever, it  has,  according  to  Mayer,  the  composition  C*IP*0^.  A  product  having  this 
composition  is  likewise  obtained  by  heating  convolTulin  or  oonTolTuIic  acid  with  hydrate 
of  sodium  and  a  little  water,  as  long  as  hydrogen  continues  to  escape,  decompMing  the 
aqueous  solution  of  the  (ooduct  with  sulphuric  acid,  and  purifying  by  solution  in  al- 
cohol, and  treatment  with  animal  charcoal.  It  resembles  the  preceding  in  all  its  pro- 
perties, excepting  that  it  melts  at  a  somewhat  higher  temperature  (40° — 46°  C.X  and 
has  a  stronger  acid  reaction. 

Mayer  applies  the  term  conyolvnlinol  to  the  product  of  the  action  of  adds  on 
conTolvulic  add,  and  designates  as  convolrulinolic  acid  the  compound  separated 
from  the  conTolTulinolates,  or  obtained  by  the  process  last  described ;  but  it  is  most 
probable  that  the  two  substances  are  merely  the  same  add  in  different  states  of  hydra- 
tion.   All  these  products  require  re-examination. 

The  convolvulinolates  are  composed,  according  to  Mayer,  of  C^IP*MO',  or 
MO.C£P*C^.  Those  of  the  alkali-metals  are  easily  soluble  in  water  and  in  alcohol, 
and  are  obtained  by  gating  the  alcoholic  solution  of  the  acid  with  caustic  alkalis. 
Those  of  the  alkaline-«arth  metals  are  sparingly  soluble,  and  are  obtained  in  like 
manner.  Those  of  most  of  the  heavy  metals  are  insoluble  and  are  obtained  by  pred- 
pitation.    The  lead-salt  is  said  to  contain  (P*IP*FhO^.    (Mayer.) 

OO WO&WTXh&CBJB.  An  order  of  plants  yielding  many  useful  products.  The 
.roots  of  several  spedes  of  Convolmdtu  and  Ipomeea  yield  puntative  resins,  or  gum-resins. 
Conmlvulv*  scammonium,  L.,  yields  scammony  {q.  v.).  C,  Schkdanut  and  C.  orixa- 
bensis,  or  Ipomaa  orizabcnsis,  yield  jalap.  C.  turpcthum,  or  /.  turpethum,  also  yields 
a  purgative  resin.  C.  batatas,  or  Batatas  edtUis,  the  Spanish  potato,  yields  edible 
tubers,  resembling  the  common  potato,  but  of  sweeter  taste  (L  62U).  C.  scoparitu,  L., 
and  C.floridtu,  I^  yield  one  of  the  woods  called  rose-wood. 

COXm&XirB.     See  Conhtdrwk  (p.  1 ). 

OOlTTXiBinB.    See  Addenda  (p.  964). 

COPABlOrB  or  COPAXVBSrS.)      -,      „  ^^ 

_^_  «  — ••  .»—  f     See  Copaiba  Oil. 

COPAKUVXC  or  COPAZVZC  ACZB.     See  CoPAtBA  RESms. 
COPAZBA  BAlLSAUff.     Sec  Balsahs  (i  492). 

COPAZBA  OZ&.  Essence  de  Copahu.  (Bonastre  [1826],  J.  Pharm.  xi.  629.— 
Ader,  J.  Pharm,  xv.  96.— Gerber,  Br.  Arch,  xxx,  167.— Blanchet,  Ann.  Ch.  Pharm. 
vii.  166.-Soubeiran  and  Capitaine,  J.  Pharm.  xxvi.  70.— Gm,  xiv.  286.)— The 
volatile  oil  contained  in  balsam  of  copaiba.  It  belongs  to  the  camphenes,  C'*H",  or 
CH^'.  Copaiba  balsam  is  a  mixture  of  this  oil  with  resins,  the  proportion  of  the  oil 
Taking  from  30  to  60  per  cent  in  balsams  from  different  localities. 

The  oil  is  obtained  by  distilling  the  balsam  with  water,  and  may  be  purified  by 
drying  over  chloride  of  caldum  and  rectifying.  To  obtain  the  whole  of  tne  oil,  the 
distillation  with  water  must  bo  repeated  six  or  eight  times  (Soubeiran  and 
Capitaine).  According  to  Ader,  the  oil  may  be  separated  by  agitating  100  pts.  of 
the  balsam  with  an  equal  quantity  of  alcohol  of  specific  gravity  0*836,  then  adding 
37^  pts,  of  soda-Icy  of  specific  gravity  1-33,  and  diluting  l£e  whole  with  160  pts.  <rf 
water.     The  oil  then  gradually  rises  to  the  surface. 

Pure  oil  of  copaiba  is  transparent  colourless,  or  yellowish-green,  mobile,  and  has  an 
aromatic  odour  like  that  of  the  balsam ;  that  obtained  by  Ader's  method  is  said  to 
have  a  more  disagreeable  odour ;  the  taste  is  sharp  and  persistently  bitter.  Spedfic 
gravity  0*881 — 0-91,  increasing  to  0-96  on  exposure  to  the  air.  Boiling-point  245° — 
260°  C.  Optical  rotatory  power  =  84*18°  to  the  left  Expansion  from  0°  to  100°  C. 
t=  0*083132;  from  100«  to  200°  =  0104034  (Aubergier,  J.  Pharm.  xvii.  278). 
The  oil  is  neutral.  It  solidifies,  partly  crystalline,  at  —  26°  C.  Oil  of  copaiba  dissolves 
in  2^  pts.  of  absolute  aicohol,  and  in  26—30  pts.  of  alcohol  of  specific  gravity  0*86. 
(According  to  Stoltze,  it  dissolves  in  all  proportions  in  alcohol  of  this  strength.)  With 
nUphide  of  carbon  and  anhydrous  ether,  it  mixes  in  all  proportions,  but  not  with  more 
than  half  its  weight  of  common  ether.  It  dissolves  sulphur  and  phosphorus  with  aid 
of  heat  It  likewise  dissolves  glacial  acetic  acid  and  hydrocyanic  acid,  and  mixes  with 
alcoholic  succinic  and  benzoic  acids ;  also  with  solution  of  oxalic  acid,  but  not  with 
eiirie  add.    It  absorbs  ammonia,  becoming  milk-white  and  visdd.     (Gerber.) 

Copaiba  oil  becomes  brown  and  visdd  by  continued  boiling.  Chlorine  in  sunshine 
makes  it  hot  colours  it  yellowish  blue,  and  then  green,  and  separates  white  crystalline 
masses  (Blanchet).  Iodine,  slowly  added  to  the  oil,  dissolves  without  detonation 
{ B 1  a  n  c  h  e  t),  forming  areddish-ydlow,  or  brown-black  liquid :  if  it  be  added  more  quickly, 
heating  and  frothing  take  place,  and  a  brown  mass  is  formed  (Gerber).  It  detonates 
vrith^minff  nitric  addf  leaving  a  brown  resin.    With  nitric  acid  of  specific  gra^-ity 
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l'31,itr««iniB«  only  whfn  heated  (Blanchet).  According  to  Bonnstre.  it  aasutnu 
V  Tiolot  tint  at  the  bepnning  of  the  action.  Weaker  nitric  acid  forms  with  the 
oil  a  amall  quantity  of  yellow  rwin,  precipit«ble  by  water  (Oerber).  Oil  of  vUHfA 
make*  it  hot  and  tunu  it  red-bpown  (Stolttey  "^ith  a  few  drops  of  oil  of  vitriol 
it  b«comea  hot  and  blacker ;  but  wh4?D  dropped  into  a  larger  qaantity  of  oil  of  vitriol, 
it  forma  a  red-brown  aolutioa  of  aolphoterobic  add.  (Oerhardt,  CompL  rend.  xvii. 
314.) 

With  hydrochUme  tmd^  oopaibft  oil  forma  a  lolid  and  a  liquid  compound.  The  oil. 
•haken  up  with  aqutou*  potatk  or  soda^  becomes  heat«d,  aeqoirea  a  brown  cnlour,  and 
yield*  to  wat«r  a  amall  quantity  of  reein,  which  doea  not  pre-eziat  in  tiic  oil,  but  is 
produced  from  it  by  the  action  of  the  alkali  (Gerber).  Diatilled  with  24  pts.  water 
and  8  pta.  chloride  of  lime,  it  give*  off  carbonic  acid  and  forma  chloroform.  Dia* 
tilled  with  ki/p<Aronutt  o/potauium^  it  forma  bromoform.  (Chantiird,  Compt.  rend. 
jjxiv.  485.) 

a,  Ht/drochlorate  of  Copakene  or  Copnivene.  HydrochJorate  of  Copaiba  oil, 
Camphre  de  Cfrpahu,  C'*H'r2HCl. — Thia  is  tlia  aolid  hydroehlorHte ;  it  ia  prepared 
by  paasing  dry  hydrochloric  add  gaa  through  dehydrated  oil  of  "copaiba,  separating 
the  cryatalliDe  maas,  which  ia  deposited  tbert>from  on  cooling,  from  the  brown  oiC 
preaaing  it  between  filtering  paper,  mixing  ita  solution  in  ctlier  with  alcohol  of  specific 
gravity  0*85,  and  waahii^  with  alcohol  the  crystalline  mass  which  aeparatca. 
(Blanchet) 

Hydrochlorate  of  oopahene  forms  short,  tran.<jp.irent,  right  rectAngular  prisms  (re- 
sembling chlorate  of  potassium,  according  Xo  Bbnchet),  which  melt  at  77°  C.  (Soubei- 
ranandCapitaine>  They  are  inodorous  (Blanchet,  Soabeir an  and  Capituinc); 
have  a  ftiint  camphorous  odoor.  and  an  aromiitic  bitter  taste.     (Gerber.) 

The  hydrochlorate,  heated  to  140°— 1 60°  C.  girea  off  a  largo  qaantity  of  hydrochloric 
add  gas  (Soubeiran  and  Capitainc).  When  set  on  firo,  it  barns  with  a  bright 
fljime  (Gerber).  Nitric  acid,  heated  with  it,  ia  aaid  to  give  off  nitrogen  gas  (B  la  n  • 
ebet).  Oil  of  vitriol,  with  aid  of  heat,  dissolves  if,  and  deposits  it  again  in  the  crya> 
tallino  form  on  cooling ;  at  a  stronger  heat,  the  solution  gives  off  bydiochloric  acid  gas. 
Heated  with  stdphid*  of  had,  it  yields  an  oil  having  an  alliaceonf  odottr.  Ita  alcoholic 
solution  is  predpitated  by  nitrate  of  tilntr  or  mercmtnu  nitraU,    (Blanchet) 

It  ia  inaomble  in  water  and  in  cold  alcohol,  sparingly  soluble  in  hot  alcohol,  easily 
soluble  in  ether  (Blanchet).  The  alcoholic  solution  leaves  when  evaporated  a  thicx 
oil,  which  smells  like  balsam  of  copaiba,  and  appears  to  hold  in  solution  nndecomposed 
dihydrochlorato  of  copaiba  oiL     (Soubeiran  and  Capitaine.) 

IJydrccMoratr  of  Copahilene.—-Thia  is  the  liquid  portion  of  the  jirodnct  obtained  by 
treating  copaiba  oil  with  hydrochloric  acid.  It  always  contains  m  solution  a  portion 
of  the  solid  compound,  which  cannot  be  separated  from  it  (Soubeiran  and  Capi- 
tainc). It  is  a  black,  viscid  oil,  smelHng  like  castoreum,  and  withont  action  ou 
polarised  Ught  (Soubeiran  and  Clapitaine).  Whej]  distilled,  it  gives  off  hydro* 
ehlone  add  gas,  and  yields  a  coburless  oil,  which  is  a  solution  of  hydrochlorate  of 
oopahene  ^Soubeiran  and  Capitaine).  It  bums  with  «  faint  odour  of  hydro- 
eUorie  add.  It  gives  up  a  portion  of  its  hydrochloric  acid  when  shaken  up  with  water. 
It  ia  Aolnblo  in  alcohol  and  ether.     (Qerber.) 

Para-copsibaOil  (Soubeiran  and  Capitaine  [1840].  J.  Pharm.  xxvi.  70. — 
Posselt,  Ann.  Pharm.  htix.  67.) — This  oil  occurs  tn  a  variety  of  copaiba  balsam  from 
Brazil.  It  is  separated  by  distiUing  with  water,  and  the  oil  is  dehydrated  with  chloride 
of  caldura  (Posse It).  It  ia  a  transparent,  oolourlesa,  viscid  od,  of  specific  gravity 
0-91  (0898  according  to  Soubeiran  and  Capitaine),  boiling  at  260°  C.  It  smells  like 
the  balsam,  and  has  a  aharp  burning  taste  (Posselt^.  Kotatoiy  power  28*563°  to 
the  left  (Soubeiran  and  Canitano).  It  dissolves  m  all  proportions  in  ether,  less 
eaaOy  in  alttolute  alcohol,  still  less  in  common  a/cohol. 

The  oil  becomes  yellowish  when  boiled,  afterwards  brown,  thick,  tenadous,  and 
charred  (Poaselt).  Chlorine  converts  it,  with  evolution  of  hydrochloric  add,  into  a 
yellow  sticky  mass.  The  oU  dissolves  iodine  without  detonation.  With  fvminq  nitrit 
\  arid,  it  detonates  even  in  the  cold  ;  but  nitric  add  of  specific  gravity  1-32  rcsinises  it 
only  with  aid  of  heat.  Dilute  nitric  add,  heated  with  the  oil,  dissolves  it  completely 
after  a  few  days,  giving  off  nitrt>us  acid,  carl>onic  acid,  and  other  volatile  acids.  From 
the  solution  of  the  oil  in  nitric  acid,  wat*r  throws  down,  atter  eTapomtton.  a  reddiab- 
yellow  add  resin,  sparingly  soluble  in  hot  water,  easily  solnble  in  alcohol  and  ether, 
whilst  a  pacnliar  add  remains  dissolved,  which,  when  the  solution  is  €»ncentrat«d  by 
sraporation,  crystallises  in  slender,  colourless,  transparent  laminie,  easily  soluble  in 
water,  alcohol,  ether,  and  rock-oil,  inodoroua,  having  a  bitter  ta^te,  and  a  slight  acid 
reaction  (Posselt).  llie  oil  absorbs  hydrochloric  acid  gat  with  avidity,  turning 
brown-rn]  and  fuming  in  th*-  :t>r,  hut  not  depositing  any  OTstals  on  eooUng. 

Vol.  1L  C 
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COP JUSA-SasnrS.     (S  c  h  w  e  i  s  o  r,  Pogg.  Ann.  xvii.  784 ;  xxi.  1 72.  —  R  os  c$ 

ibid.  xJttiiL  83.— HeB«,  Ann.  Ch.  Pharm.  xxix.  HO Fehling,  ibia,  xL  110.— 

Fobs  el  t,  ilnd.  bdx.  67.)  —  Copaiba  baJsitm  oontAus  aevtnl  resin*  which  remaiu  be- 
hind after  the  diatillatiou  of  the  roktile  oil ;  certain  flajQpLea  of  thia  balaom  hare  been 
found  to  contain  p«cuUar  resina. 

The  reaina  otiUined  from  onlinary  copaiba  biUaam  may  be  sepamted  into  •  ciystal- 
lisable  resin  called  copaivic  acid  (the  a-resin  of  Berzf'liu«),  and  an  uncr^sUillxaabla 
fi-zeaia.  The  latter,  whieh  forms  but  a  small  proportion  of  the  whole,  remains  behind, 
when  the  entire  maas  of  resin  is  treated  with  cold  rock-oil,  aa  a  brown  osctuotia  tnaM^ 
easily  soluble  in  alcohol  or  ether. 

CoPAiTio  Acid.  Copahuvic  acid,  a-retin  of  Btrreliiu.  C"H*0*,  or  <7*.H*0*.— 
This  cryatallisable  resin  exists  in  copaiba  bakam  to  an  amount  rarjing  firotn  20  to  66 
per  eent.  It  is  the  constituent  which  determines  the  banlening  of  tb«  balsam 
by  magnesia,  an  effect  which,  however,  does  not  take  place  if  the  proportion  of 
copaivic  acid  ia  below  60  per  oenf.  (Procter).  Accorditigto  Schweizer,  the  acid  may 
be  prepared  by  disolring  tlie  entire  mass  of  resina  obtained  from  copaiba  balsam  in 
aqueous  ammonia,  and  leaving  the  solution  to  evaporate  in  a  cool  place.  Crystala 
then  separate  which  may  be  obtained  pure  by  washing  with  ether  and  reerystnllisation 
from  alcohol.  Or  the  nssinous  mass  ia  heated  with  cold  rock-oU,  the  solution  left  to 
eTaporate,  the  residue  dissolved  in  alcohoU  and  the  copeivic  ncid  left  lo  crystallise  by 
spontaneoxis  evaporation.  Or  the  fntire  mass  is  dissolved  in  alcohol,  and  the  solutioa 
left  to  evaporate. 

Copaivic  acid  forms  colourless  rhombic  crystals,  soluble  in  strong  alcohol ;  the  sola- 
tion  i%ddf  na  htmus.  It  dissolves  easily  in  ether,  in  oils  both  fixed  and  volatile,  and  in 
sulphide  of  carbon.     It  is  decomposed  by  heating. 

The  acid  dissolves  in  aqueous  fixed  alkalis  and  in  ammonia.  The  alcoholic  solution 
mixes  without  decomposition  with  alcoholic  potash  or  with  t-trong  aqueous  potaah ; 
but,  on  adding  a  larger  quantity  of  water,  a  precipitate  is  formed. 

Cojiwivic  acid  appears  to  be  moaobaisic.  Tho  caicium-mlt,  Ca'^C^H*^*)*,  is  a  white 
precipiUUe,  which  separatee  on  mixing  an  alcoholic  solution  of  the  reaiu  containing 
•  little  ammonia  with  alcoholic  chloride  of  calcium^  and  then  adding  water.  Co* 
paivate  of  lead,  Pb''{0"*U^O>)',  is  obtained  by  mixing  the  aloohulic  solutions  of  the  reau 
and  acetate  of  lead,  as  a  white,  ftuiible,  slightly  crystalline  precipitate.  ClopatvaU  «/ 
tilwr,  C*H"*AgO*,  6eparat««,  on  mixing  the  solution  of  the  resin  with  an  alcoholic 
solution  of  nitrate  of  silver  mixed  with  a  little  ammonia,  as  a  white  crystalline  preoi* 
cipitate,  sparingly  soluble  in  alcohol,  easily  soluble  in  ammonia,  easily  fiiaible,  and 
turning  brown  on  exposure  to  Ught. 

OxTcoFAiTio  Acid.  (?*H^*,  or  HO.C^U^O^.—Thh  add  resin  was  found  by 
Fehling  in  a  sediment  deposited  fipom  a  turbid  copaiba  bnlsam  fh>ni  Para.  By  sola- 
tion  in  alcohol  and  slow  evaporation,  it  is  obtaided  in  colourless  regular  cry.'jtals.  wboee 
primary  form  ia  a  rhombic  prism  having  the  acute  euramits  tnimiited.  It  becomes 
strongly  electric  by  friction  ;  dissolves  readily  in  ether,  less  readily  in  alcohol ;  melfs 
at  aboiit  120®  C.  When  the  solution  of  the  resin  in  ether  and  alcohol  is  quickly  eTa 
porated  in  aflat  dish,  and  stirred  at  the  same  time,  a  hydra  ted  resin,  Cr*H*»0*.H*0, 
or  CH^V.'iHO,  sometimes  separates  a»  an  amorphous  powder;  it  has  the  same  com> 
poaitioQ  as  the  ox^'silvic  acid  described  by  H^^ss,  but  differs  from  it  in  properdrs. 
This  hydrated  resin  softens  in  boiling  water ;  it  forma  with  bases  the  same  salts  as  the 
anhydrouB  resin. 

Oxycopaivic  add,  heated  with  nitric  acid,  gives  oflf  carbonic  and  nitrona  acids,  and 
yields  two  products,  a  resin  and  a  new  acid.  The  resi  n,  said  to  be  (P*W*0*\  is  light 
y^-Uow,  bus  a  strong  and  disagreeably  bitter  tuste,  and  unites  with  bases.  The  acid 
18  free  from  nitrogen,  of  brownish  colour,  dehqneaoent,  very  soluble  in  water  and  ia 
alcohol,  easily  decomposes  carl>ou&t««,  forms  soluble  salts  with  the  alkalis,  a  sparingly 
soluble  salt  with  baryta,  insoluble  salts  with  lead,  mercury,  and  silver ;  the  lead-aalt 
has  the  composition  2Pb"0.C'*H»''0. 

When  oxycopaivic  acid  is  evuporated  to  dryness  with  nitric  acid,  tJicre  remains  a 
pitchy  mooi,  p^rt  of  which  dissolves  in  alcohol,  leaving  a  bumoidal  subutance  haviag 
the  composition  C«H»0^. 

Oxycopaivatea. — Oxyoipnivic  acid  dissolved  in  alcohol  exhibits  an  acqd  reaction. 
The  oxycopjiivatea  of  the  tilkaii-TnetaU  are  solubla  in  water ;  the  ammoniiical  eolation 
gives  off  ail  its  ammonia  by  ovaporation.  The  lead-salt,  Pb"(C!"lI<^0*)*  or  Pb'O. 
C'"!!*'©*,  is  obtained  as  a  white  precipitate  on  mixing  the  alcohoHc  solution  of  the 
resin  containing  a  little  ammonia  with  an  alcoholic  solution  of  acetate  of  lead.  The 
fitver-talt,  C^H'^AgO*,  or  AgO.C^H^C^,  separates  us  a  white  amorphous  precipiute 
on  mixing  •  solntion  of  the  acid  in  aqueons  ammonia  with  excess  of  nitrute  of  silrer. 

Actn  CoFAiBA-BBBiK. — This  resiD  WM  foond by  Mart  1  n  and  Vign  e  (J.  Pharm. 
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1842,  p.  62),  in  a  eijsUlHne  deiosit  of  cop&iba  iMlsam,  which  dissolved  in  hot  ]U«>Ii<jI, 
but  i«p<int«l  oat  agmio  for  the  most  p«rt  as  the  solution  cooled.  As  it  bna  not  hi-en 
further  inrefitigated,  its  identity  or  non-identity  with  one  of  the  resins  previously  de- 
acribed,  moat  for  tlM  pnaent  remain  undecided. 

From  elaar  copaiba  balaam,  Martin  and  Vigne  prepored  a  reain  difl«r«nt  from  ttie 
cryatalline  ntbatanec. 

IxDiFvaaasT  CopaiBa-aasiNS.— Whether  the /S-resin  (p.  18)  belongs  to  thia 
group  is  doabtfiil,  inaamnch  aa  it  is  said  to  diasolre  in  ullLalis. 

In  a  TPry  fluid  oopaiba  balaam  of  peculiar  constitution.  Foaaelt  found,  besides  parao 
oop«iba  oil,  two  indinerent  amorphous realns,  the  first  of  which  (containing  60-3  per  cent, 
carbon,  83  hydrogen,  and  31*4  orygen)  was  soluble  in  weak  boiling  uleohol ;  the  second 
(containing  82-0  carbon,  10*5  hydrogen,  and  7*6  oxygen)  dissolred  eparingly  in  boiling 
absolute  alcohol,  separated  out  for  the  most  pnrt  on  cooling,  and  was  insolable  in  dilute 
alcohol    Neither  of  these  iveina  combinea  with  alkalis.     (Handw.  d.  Chetn.  IL  [3]  799.) 

COPAZVXVZ.  The  camphene  contained  in  the  oyatallised  faydrochlorata  of 
copaiba  oil ;  it  huji  not  yet  been  isolated  (p.  16). 

COPAXVZC  ikCXB.     Se<^  Cnr^iBA  RsaixB. 

COPAJCVXUBVZ  or  COPAZVTIn     Syn.  with  CoPATWrs. 

COVAb  A  T&l  liable  ri'sin  of  which  the  best  coach -varnish  is  made.  It  nrodea 
•pontaoeously  from  seTer&l  trees,  namely,  the  BkuM  copaltina,  a  terebinthoceous  tree, 
natiTe  of  North  America,  the  El<eocarpiu  cofptdiftr,  wmch  erows  in  the  Eaat  Indiea, 
and  the  Hynm^ma  twmMoao,  which  grows  chiefly  in  Maidagaacar.  French  writara 
likewise  dre  the  name  copal  to  the  reatn  of  the  Uymen^a  Cowharil,  growing  in  Bratil 
and  the  West  Indies;  but  in  England  and  G»>raiany  this  resin  is  called  animi  (see 
Tol.  i.  p.  296).  There  is  altogether  a  considerable  amount  of  discrepancy  in  the  state- 
menta  raqMctinff  the  tfeea  wluch  ftunisb  oopaL 

OopaigenenUy  ooam  in  iBat  piecea,  rough  on  the  oataidb,  and  of  Tarioua  shapea  and 
■iieaL  Ita  phyaieal  properties  vary  to  a  certain  extent  according  to  its  origin ;  but  the 
lumpB  are,  for  the  most  part,  opaque  on  the  outside,  transparent  internally,  of  yellowish 
to  yellowish-brown  colour,  aometimcs  nearly  colourlees ;  turbid  and  tranalncent  lumps 
also  oeeor;  insects  and  parts  of  plants  are  not  onfircqncntly  enclosed  within  the  min. 
Copal  ia  hard ;  it  has  a  very  lustnms  concboidsl  micture,  ia  easily  polvedaed,  doea 
not  cake  together  eren  when  chewed,  bnt  becomes  rather  soft  at  fiO°  C.  The  specifle 
gravity  of  copal  rariea  firom  1'046  to  1*139  according  to  its  origin,  and  perhaps  also 
aeoording  to  its  age. 

The  solubility  of  copal  in  different  liquids  varios  also  with  its  origin,  American 
eopal  being  much  less  soluble  in  aleohol,  oil  of  turpentine,  and  oil  of  ro^rmary,  than 
East  Indian  or  African  oopaL  By  exposure  to  the  air,  especially  when  pulverised  and 
placed  in  a  hot  atr-chami>er,  it  abaorba  oxmn^  and  then  becomes  more  soluble  in 
alcohol  and  in  ofl  of  torpentine.  The  solobui^  ia  also  increased  by  melting  the  copal 
at  the  lowest  possible  temperature ;  but  American  copal  is  more  diiBenlt  to  ftise  than 
the  other  Tanetiea.  and  aometimefl  remains  so  insoluble  aa  to  be  qnite  naelesa  for 
making  Taniishea.  Anhydrooa  copal  in  the  natural  state  ia  but  very  {q>aringly  soluble, 
but  swells  Qp  to  a  touffh  daatic  substance  when  boiled.  In  pure  rthrr,  copal  rwelbi 
up  to  a  transparent  jelly,  and  afterwards  changes  to  a  ayrapy  moss.  If  this  masa  be 
heated  to  eommeocing  ebullition,  and  alcohol  of  specifle  grari^  0'B2  be  added  in 
■uocesaire  small  quantities,  a  clear  solution  is  obtained  ;  but  if  the  alcohol  be  added 
oold  or  all  at  once,  the  mass  coagulates  and  does  not  dissolve.  Copal  ia  but  partiaily 
■olnble  in  nUpkitUi  o/  carbon,  but  oil  of  caovtchouc  ^juolrea  it  easily,  even  in  the  colli 

Copal  diuolTea  in  $ironfftmtpkline  and  niiric  actd*,  bnt  is  decompoeed  by  those  acids 
if  only  slightly  heatod. 

The  statements  reapectiog  the  solubility  of  copal  in  ctnuiic  alkalia  vary  condderably, 
doubtleaa  becaosa  the  experimenta  have  been  made  npon  different  vanetieji.  Accord- 
ing to  Filhol,  neither  ammonia  nor  potaah  disaolves  it  in  the  cold :  but  if  the  liquid  ia 
heated  to  the  boiling  point,  the  reatn  ooagolatee  and  floats  on  the  surface  in  the  form 
of  a  spongy  mass,  which  does  not  disaolva,  even  after  several  hours'  boiling, — because 
the  compound  of  the  renin  with  the  alkali,  though  soluble  in  pure  water,  ia  quite 
ineolable  in  water  containing  excess  of  alkalL 

The  following  analysaa  of  varioua  kinds  of  eopal  have  been  made  by  Filliol : 
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20  COPAL  VARNISH. 

Filhol  hu  obtained  from  East  Indian  copal,  Ave  distinct  resins,  some  of  wliieh 
however  pass  into  othen  by  oxidation,  so  that  they  may  be  regarded  as  diifereBt 
oxides  of  the  same  mdide;  yiz. : 

ttrreain:  Soft,  fosible  at  the  heat  of  the  water  bath;  soluble  in  alcohtd  ci  72  per 
cent,  also  in  ether,  and  in  oil  of  turpentine;  fonns,  with  bases,  resinates  srolnble  in 
ether,  but  (excepting  the  potassium-salt)  insoluble  in  alcohoL 

fi-reain:  Soft,  fusible  below  100^  C. ;  soluble  in  all  proportions  in  alcohol,  ether 
and  oil  of  turpentine ;  forms  resinates  soluble  in  ether,  insoluble  in  absolute  aleohoL 

y-retin :  White,  soluble  in  absolute  alcohol  and  in  ether ;  lees  fusible  than  the 
preceding;  forms  resinates  insoluble  in  alcohol  and  ether. 

9-reain:  White,  insoluble  in  alcohol  and  ether,  soluble  in  alcoholic  potash;  rtaj 
difficult  to  fuse. 

t-reain :  Gelatinous ;  insoluble  in  all  menstrua. 

These  resins  yielded  by  analysis : 

o-resin  .  .  .  7776  to  7694  1012  to  10^4 

p-reain  .  .  .  7604  —  76-86  1008  — 10-86 

7-re8in  .  .  .  8063  —  8070  1043  — 10-66 

f-i*8in  .  .  .  8116  — 81-68  10-64  —  10-43 

The  lead-salts  formed  from  the  first  two  yielded : 

•  0 

Oxide  of  lead    .        .    2617  to  26-32  25  to -28 

These  analyses  were  perhaps  not  made  with  definite  substances.  The  quantities  of 
lead-oxide  found  in  the  resinates  are  nearly  the  same  as  in  the  lead-salts  obtained  frtim 
the  turpentine-resins  (see  TuRPENmrB) ;  hence  it  is  probable  that  the  resinous  ood- 
stituents  of  copal  are  similar  in  composition  to  the  resins  of  turpentine.  (Qerh.  iii 
669 ;  Handw.  d.  Chem.  iL  [3]  202.) 

GOV  AX  VABJnsB.  Copal  may  be  dissolved  by  digestion  in  linseed  oil,  ren- 
dered drying  by  quicklime,  with  a  heat  very  little  less  than  sufi^cient  to  boil  or  decom- 
pose the  oiL  This  solution,  diluted  with  oil  of  turpentine,  forms  a  beautifbl  txans- 
parent  Tarnish,  which,  when  properly  applied,  and  slowly  dried,  is  yety  hard  and 
durable.  This  Tarnish  is  applied  to  snuff-boxes,  tea-boards,  and  other  ntenaila.  It 
preseires  and  gives  lustre  to  paintings,  and  greatly  restores  the  decayed  colours  of 
old  pictures,  by  filling  up  the  cracks,  and  rendering  ike  surfaces  capable  of  reflecting 
light  more  uniformly. 

Mr.  Sheldrake  has  found,  that  camphor  has  a  powerful  action  on  copal;  for  if  pow- 
dered copal  be  triturated  witb  a  little  camphor,  it  softens,  and  be«>meB  a  coherent 
mass ;  and  camphor,  added  either  to  alcohol  or  oil  of  turpentine,  renders  it  a  solvent 
of  copaL  Half  an  ounce  of  camphor  is  sufficient  for  a  quart  of  oil  of  tuipentine,  whid 
should  be  of  the  best  quality ;  and  the  copal,  about  the  quantity  of  a  large  walnut,  should 
be  broken  into  very  small  pieces,  but  not  reduced  to  a  fine  powder.  The  mixture  should 
be  set  on  a  fire  so  brisk  as  to  make  the  mixtore  boil  almost  immediately ;  and  the  Teasel 
should  be  of  tin  or  other  metal,  strong  shaped  like  a  wine-bottle  with  a  long  neck, 
and  capable  of  holding  two  quarts.  The  mouth  is  stopped  with  a  cork,  in  vrhich  a 
notch  IS  cut  to  prevent  the  vessel  from  bursting.^  It  is  probably  owing  to  the  quan- 
tity of  camphor  it  contains,  that  oil  of  lavender  is  a  solvent  of  copaL  Camphor  and 
alcohol  dissolve  copal  still  more  readily  than  camphor  and  oil  of  turpentine. 

In  the  6l8t  volume  of  TiUoch's  Magazine,  Mr.  (Cornelius  Varley  states,  that  a  good 
varnish  may  be  made  by  pourin|;  upon  the  purest  lumps  of  copal,  reduced  to  a  fine 
mass  in  a  mortar,  colourless  spirits  of  turpentine,  to  about  one-third  higher  than  the 
copal,  and  trituratii^  the  mixture  occasionally  in  the  course  of  the  day.  Ifext  morning 
it  may  be  poured  off  into  a  bottle  for  use.  Successive  portions  of  oil  of  turpentine 
may  thus  be  worked  with  the  same  copal  mass.  Camphorated  oil  of  turpentine,  and 
oil  of  spike-lavender,  are  also  recommended  as  separate  solvents,  without  trituration. 
The  latter,  however,  though  very  pood  for  drawings  or  prints,  will  not  do  for  Taznish- 
ing  pictures,  as  it  dissolves  the  paint  underneath,  aud  runs  down  while  drring^ 

Fat  varnish. — Take  copal  16  parts,  linseed  or  poppy  oil  made  drying  with  litharge  8, 
oil  of  tq^7)entine  16.  Melt  the  copal  in  a  matrass,  by  exposing  it  to  a  moderate  heat; 
poor  then  upon  it  the  boiling-hot  oil;  stir  the  mixture,  an«f  ^en  the  temperatuie 
has  fallen  to  about  200°  F.  add  the  oil  of  turpentine  heated.  Strain  the  whole 
immorliately  through  linen  cloth,  and  keep  the  varnish  in  a  wide-mouthed  bottle. 
It  becomes  very  dear  in  a  little  while,  and  is  almost  colourless  when  well  made. 
This  varnish  is  applied  on  coaches,  also  generally  on  polished  iron,  brass,  copper,  and 
wood  — U. 


COPALIN- COPPER, 


21 


COVA&ZS.  Fi'MiV  rmmt,  Hiffk^atu  tv«m. — A  fussil  rmin  fonnd  in  roandish 
him|«  in  tho  blue  clay  of  Uighgatc'^iulL  It  resemblM  copal  resin  in  hardneia,  eolouj^ 
Ituitre,  uid  tra&8|nr<rocy,  and  is  likswiM  but  sparingly  ooluble  in  alcohol  8p,  gr. 
I'OIO  (Jobnaton),  1-06  (Bastick).  It  emifa  a  rmoous  odocr  wht"f»  brokon,  toUK- 
liaea  in  the  air  at  a  gentle  heat^  and  h\ima  easily  ^th  yellow  fl;ime  and  much  smokei. 
SuivhurU:  meid  diasolTM  it  with  purple-brown  colour.  Citric  a'.id  convcrta  it  into  an 
acid  rsain,  wfaicli  ia  precipitated  by  wut«r  as  a  yellow  powder,  fonoa  soluble  salts  with. 
tlie  AIkali-lIlet«ll^  insoluble  with  all  the  rest.  According  to  Jobuston'a  atuUysis 
(PhiL  Mag.  [3]  xiv.  87).  it  oootaina  85'4  per  cent  carbon,  and  1  i  -8  hydiogen,  27 
oxygen,  and  0-lS  aah,  whence  may  be  deauccd  the  formula  (T'H'H)  or  C"J5f*0". 
(Johnston,  from  the  old  atomic  weight  of  carbon,  C  —  6  12,  calculated  the  ibnnuU 

Kenngott  obtained  from  India  a  resin  which  agreed  with  tlie  Highgate  rwtin  in 
pnmertiM,  and  had  a  spedflc  graTity  of  1  -063 ;  it  eontjuned  fmgmenta  of  Alpine  plants 
and  tii9ect&  An  analysia  by  Dufloa  ahowed  it  to  contain  85-73  per  cent  carbon,  II  60 
hydrogen,  aod  3*77  oxygen. 

Anraier  rttin,  resembling  the  preceding  in  external  appcamnce,  ocean  in  the  form 
of  flattened  diopa  or  eoatinga  on  ealospar,  on  the  walla  of  a  dyke  of  trap  at  the  old 
lead  -nine  in  Nortfaumberiand  called  SfUiinff  Suma.  It  haa  a  pale  yellow  to  deep 
red  o)loar,  with  pale  green  opaleaoeDoa  Sp.  gr.  1-16  — 1*64  ;  hard,  but  brittle ;  does 
not  melt  at  400^  F.,  but  buroa  in  the  tfaaie  of  a  candle  with  empyreomatic  odour.  It 
ia  inaoluble  in  wat«r,  and  nearly  iaaolahle  in  alcohol  It  contains  85-13  per  cent, 
carbon,  10  86  hydrogen,  and  3-26  aab  —  99*24,  numbaz*  agreeing  Ddariy  with  the 
formula  CEK     (Dana,  ii.  267.) 

COPXAPXTS.  YeHotD  Cfifptrat.^K  hydrated  basic  ferric  snlphate,  3Fe'0*.SS0* 
•♦■3H*0,  occurring  in  the  district  of  Copiano  in  the  proTince  of  Coquimbo.  in  northern 
Oiili,  in  six-aided  tables  and  grains,  which  clears  readily  parallel  bo  the  base.  Also 
fibrritia  and  incrosting.  It  ia  traaiducent,  with  yellow  colour  and  ritreons  lustra. 
8f(r*<nil  other  basic  ferric  sulphates  are  aUo  found  native,  rix.  Sfypticitf  and  J'liAro- 
/erritt!  from  Chili,  PiitieiU  from  Fahhin  in  Sweden,  and  Misy  ff»und  nsar  Gealer  in 
the  ilara ;  they  are  formed  by  the  weathering  of  iron  pyrites,  and  are  probably  oofe 
dofinito  compounds.     (See  Sulphatkb.) 

OOFPBB.  Synooymes:  Kujf/tr,  Ouivre,  Cuprum,  Vcniu.  8ymbot,  Co.  Atomic 
wmcht,  63  4. 

Copper  has  been  known  from  the  «ar1iest  times,  and  a}^>ears  to  hare  been  used  for 
weapons,  tools,  and  asrictiltiiral  implements  much  earlier  than  iron.  It  was  indeed 
mucn  more  likely  to  attract  the  attention  of  primitire  nations  than  iron,  as  it  is  found 
naturally  in  the  metallic  state,  is  nmllejiblo  and  ductile  immediately  after  fiisfnn,  and 
acquires  connderuUe  hardness  when  mixod  with  other  metals.  Isidoms,  who  wrote 
at  the  beginning  of  the  scrrnth  century,  says :  "  Apud  antiquos  prior?  verts  quiim  fern 
cognitoa  usus,  lere  quippe  primi  proscindebant  terram,  R-re  certamina  belli  ^erebant." 
The  Romans,  who  obtained  it  from  the  island  of  Cyprus,  called  it  tes  cyprium,  a  term 
afterwards  shortened  into  cftfrium,  which  ultimately  became  cuprum.  The  Orcieks 
called  it  x(*A*<^fi  fro^o  Chalcis  in  Eabcea,  another  locality  whence  it  was  obtained. 
Rjth  the  Greek  x«>^'<^'  *nd  the  Roman  «j  appear,  however,  lo  hare  been  luied  indif- 


in  Cypro,  ubi  prima  ftut  sris  inTsntio."  where  ««  appears  to  signify  copper. 

Oocvrrtnee. — Copper  occurs  very  abundantly  and  in  a  great  variety  of  forme.  It  Is 
found  in  the  metallic  state ;  also  as  oxide,  diloride,  carbonate,  phosphate,  sulpha**, 
silicate,  arsenata>,  and  vanadate;  as  sulphide,  sometimes  alone,  but  more  frequently  in 
combination  with  the  sulphides  of  other  metals,  aa  in  copper-pj-rites,  purple  copper; 
and  the  several  varieties  of  fabl-ore.  It  is  found  to  the  amount  of  01  to  02  per  cent, 
in  many  apccimens  of  meteoric  iron.  According  to  Watchner  (Compt  n-nd.  ixiii. 
12),  copper  is  as  widely  diKtributeil  in  tiature  as  iron,  though  less  abundantly,  small 
quantities  of  it  being  invariably  found  in  iron-arc\  in  s-iila,  and  in  feri-^dnou*  mineral 
watera.  It  has  also  been  found  in  sea-weed  (Malaguti,  Durocher  and  Sarxeso, 
Ann  Ch.  Phya.  [3]  xxviii.  129),  a  iact  which  proves  its  existence  in  sea-wnter.— in  the 
blood  of  various  Atcidia  and  Cephalopoda  (Harless,  Chcm.  Gaa.  1848,  p.  214),  in  thd 
blue  blood  of  Ltmulus  C^doM  (Genth,  Pogg.  Ann.  xcr.  60),  and  in  vety  minate 
quantity  in  the  bodies  of  animals  of  higher  organisation  (^Jrthrcsb.  d.  Chem.  1847-8» 
pp.  871,  874;  1849,  p.  630).  Aecording  to  Odiing  and  lJupr«i  (Guy's  Hospital  R*!- 
portA,  Oot.  1858),  small  quADttties  of  copp<T  arc  constantly  found  in  donr,  straw,  hav. 
Beat,  eggs,  cheese,  and  other  iirtides  of  food;  ia  the  auimai  organism,  it  exists  la 
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pioportioiially  laxge  qaantity  in  the  liver  and  the  kidneyi,  whfle  the  blood 
onW  traces  of  it. 

Of  the  Tariou  copper  minenla  above  emunerated,  a  few  only  can  be  regarded  as 
ores  of  copper,  thiut  is  to  saj,  as  minerals  from  which  the  metal  can  be  profltabfy 
txtiacted. 

1.  Native  copper. — Metallic  copper  is  not  nnfreqnently  firand  in  copper  ons^  o^* 
earring  in  isolatMl  particles,  thin  laminn,  dendritic  pieces,  and  sometimes  in  solid  blodn. 
Pieces  of  ore  are  sometimes  fonnd  conidsting  of  a  nncleiis  of  metallie  copper  ooated 
sacoessiTely  with  red  oxide  and  with  carbonate  of  copper.  Laige  masses  of  native 
copper  have  been  fonnd  on  the  coast  of  Lake  Superior  near  Eewmaw  Point,  in  Teins 
that  intersect  the  ti«p  and  sandstone.  Dr.  Pen^  states,  on  the  authority  of  Ptofessor 
Brush  of  Yale  College  (U.  8.),  that  in  1858,  6000  tons  of  copper  were  proeored  from 
these  deposits;  one  mass  found  at  Minnesota,  weighed  600  tons.  Another  mass 
thrown  down  in  1863  at  the  North  American  mine,  was  40  feet  long,  and  weired  200 
tons.  Kative  copper  is  found  also  in  Siberia ;  in  the  island  of  NsIsm,  one  divaii  Faroe 
group ;  in  many  of  the  Cornish  mines ;  near  Harlech,  North  Wales ;  and  in  Bnudl,  Cluli, 
and  Peru.  The  North  American  native  copper  contains  about  ^  per  cent,  of  nlver,  for 
the  most  part  intimately  mixed  with  it,  out  sometimes  in  visible  grains,  lompa,  or 
threads.  The  Chili  copper  also  eontains  silver,  sometimes  to  the  amount  <rf^  7  or  8  per 
cent. 

2.  Oxide$.— The  red  oxide,  Cu*0,  is  found  in  Cornish,  South  American,  and 
•specially  in  Australian  ores.  A  large  vein  of  it  was  worked  at  Cbmtty  in  Ft&ace, 
but  it  is  now  nearly  exhausted.    When  pure  it  contains  88*78  per  cent,  of  copper. 

The  black  oxide,  OuO,  occurs  at  Eewenaw  Point,  liike  Superior,  forming  a  vmn  in 
eonglomeiate,  from  which  about  40,000  lbs.  of  ore  have  been  extracted;  bat  it  ia  now 
exhausted.    The  pure  oxide  contains  7982  per  cent,  copper. 

8.  Carbonates.— Th9  preen  carbonate  or  malacUie,  (Cu")«CO«  +  H^,or  GaO.CO* 
+  CuO.HH),  occurs  abundantly  in  many  localities,  especially  in  Siberia  and  in  Sovth 
Australia :  the  pure  mineral  contains  67'33  per  cent,  of  copper.  The  blme  carbomaiaat 
Aturite,  Cu»H»C»0«,  or  2(CuO.CO»)  +  CuO^K),  is  found  in  considerable  qnantity  afc 
Chessy,  near  Lyons,  and  has  been  imported  from  South  Australia  in  admixtiue  with 
the  green  carbonate.    When  pure  it  contains  66'16  per  cent,  of  copper. 

4.  Sulphidet. — Vitreout  or  grey  Sulphide  of  Copper,  Cfx*8,  oceaia  frequently  in 
ComwalL  It  contains  79-79  per  cent,  copper,  but  is  generally  aaaodated  with  uon 
to  the  amount  of  0-6  to  3*38  i>er  cent. 

Purple  copper. — ^This  term  is  applied  to  several  minerals  consisting  of  caprovs  and 
ferric  sulphides,  combined  or  mixed  in  various  proportions.  BammeJabog  divides 
them  into  three  classes,  the  first  comprising  ores  containing  66  to  58  per  cant,  of  cop* 
per,  the  second  60  to  64  per  cent.,  and  the  third  70  per  cent.  They  form  TAloable 
ores,  and  are  abundant  in  Cornwall,  Sweden,  and  many  parts  of  North  America.  The 
mineral  3Cu*S  J'e'S'  occurs  disseminated  in  the  cupriferous  shale  of  the  MBaafeld 
district  of  Prussian  Saxony,  and  in  Pennsylvania. 

Copper  fyritet  or  Yellow  copper  ore,  (Cu*)'(Fe*)*<S*  or  Cu^.Fe*S'.— Coppmr  84*8  per 
cent  This  is  the  most  abundant  ore  of  copper,  and  is  fonnd  in  lai|p^  qnantities  in 
Cornwall  and  Devonshire,  at  Fahlun  and  Xtvidaberg  in  Sweden,  in  Cuba,  South 
America,  and  many  parts  of  the  United  States.  The  Cornish  mines  yield  aniraally 
from  160,000  to  160,000  tons  of  this  ore,  from  which  10,000  to  12,000  tons  of  pore 
eopper  are  smelted :  the  Cornish  ore  is  imbedded  in  quarts ;  that  of  Sweden  in  gneiss. 

FaJd-ore,  or  TVue  Grey  copper  ore. — This  term  indndes  a  considerable  nnmber  of 
minerals  consisting  of  protoeulphide  of  copper  combined  with  the  sulphides  of  anti- 
mony and  arsenic,  the  copper  being  more  or  less  replaced  by  iron,  sine,  silver,  and  mer- 
cofy.  The  copper  varies  from  80  to  48  per  cent,  according  to  the  fbreign  metals 
present;  the  mereuiy  varies  from  2  to  15  per  cent.  Fahl-ores  not  contauug  silver 
are  the  richest  in  copper,  containing  48  per  cent. ;  in  the  most  highly  argentiftrons 
ores,  on  the  other  hud,  some  of  which  contain  81  per  cent  sihrer,  the  proportion  of 
copper  may  be  as  low  as  15  per  cent — Boumonite  is  a  sulphantimonite  of  eouMr  «id 
leao,  containing  41*7  per  cent  Pb,  and  12*7  per  cent  Cn,  sometimes  with  a  smaUqiiaa* 
tity  of  iron.     These  ores  occur  in  numerous  localities,  and  often  very  abundantly. 

Atacamite,  the  native  oxychloride  of  copper  from  Peru  and  Chfli,  and  ehrytoeolUi, 
the  native  silicate  found  associated  with  other  copper  ores  in  various  localities^  are 
likewise  used  for  the  extraction  of  the  metal. 

The  sulphuretted  ores  of  copper  are  found  in  veins  traversing  the  ancient  lodo. 
Near  theee  primitive  veins  are  often  found  beds  of  copper  ores,  evidently  arising  from 
decomposition  of  the  mineral  in  the  vein  by  the  action  of  water.  The  first  change 
consists  in  the  conversion  of  the  sulphide  of  copper  into  sulphate  by  the  oxidating  action 
of  the  air  contained  in  the  water ;  the  sulphate  then  dissolves,  and  Is  carried  away  hf 
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lh«  wstm- ;  and  when  thU  cuprMms  aolution  filtera  throneh  beds  of  carboii«te  of  caldmn, 
or  ttaminB  in  th«  carities  or  rach  adcareous  beds,  doable  decompoaitioo  takes  place, 
rMtdting  in  the  fbrmation  of  sulphate  of  calcium,  which  is  carried  away  by  tbA 
water,  ^d  earbonute  of  coppf^,  which  is  deposited.  If  this  reaction  takes  place  at 
•  high  temperattUT,  oxide  of  copppr  is  deposited,  instead  of  carlioiiate ;  and,  if  or- 
gaaie  substances  are  present,  the  copper  may  bo  reduced  to  sulphide  or  red  oxida,  or 
•▼en  to  the  metallic  state,  Tliis  reaction  may  explain  the  occurrenci'  of  beds  of  car- 
botiiite  and  oxide  of  copper  so  frequently  found  in  fiie  neighbourhood  of  veins  of 
eopper  pjTites,  and  of  the  small  ery»tAls  of  sulphide  of  copper,  which  are  found  dis- 
Mmiouted  through  certain  bituminous  schists,  as  in  the  Mansfeld  district  of  Prussian 
Saxony. 

Preparation  of  MetaUie  Copper. 

The  prooeaacs  of  copper-smelting  vary  greatly  according  to  the  nature  of  the  ore. 
The  treatment  of  the  oxides  and  ciirbonates  of  copper  is  comparatirely  simple,  the 
Todaolioil  being  efiecrted  by  melting  the  ore  in  contact  with  chanwa],  or  other  cor- 
bouaoroos  matter,  sod  a  sUic«oas  flux.  The  oxide  of  copper  has,  however,  a  stzong 
tendency  to  unit*  with  the  ailiea,  fonning  m  highly  eapnferons  slag.  To  prevent  the 
loss  thoiM  arimag,  it  is  luxeauaj  eithar  to  aad  a  stroog  base,  with  whicn  the  sQica 
may  voite  in  preference  to  the  o»de  of  copper,  or  «\m  a  quantity  of  copper  pyritea, 
troD  pyritei!!,  or  other  sulphuretted  ore,  the  sulphur  in  which  may  combine  with  the 
oxyipao,  and  reduce  the  copper  to  the  metsJJic  state,  thervby  pre^-onting  it  from  form- 
ing a  silicate.  The  first  method  is  adopted  at  Cheasr,  where  copper  ores,  consisting 
cf  malachite^  azurite,  and  red  oxide,  mixed  with  clay,  hydrated  oziae  of  iron,  and  egla- 
ntine, are  smelted  with  coke  and  lime.  The  second  method  is  practised  at  the  copper 
works  in  the  Ural,  where  a  mixture  of  copper  ore*,  consisting  of  Oiitive  copper  im- 
bedded in  qoartsand  magnetic  iron  ore,  malachite,  red  and  bhick  oxide  of  c(»iper,  ftc^ 
nnd  copper  pjritea,  is  siroted  in  blast  farDaeee  fed  with  wood.  The  netel  obtained 
by  theae  opemtioiia  is  an  impure  copper,  called  Uaek  eeppmr  (AAworxAwf/er,  ctdvrt 
Moir\  which  is  purified  or  refined  by  processes  to  be  hereafter  descrihML 

SuJphuretUd  copper  orca  require  a  much  more  complicated  treatment,  deprading 
maiolj  on  the  fiict  Uut  copper  has  a  greater  af&nity  for  sulphur,  and  a  less  affinity  for 
ox7p(>n.  than  iron  and  the  other  metaJs  with  which  it  is  associated.  They  are  iiret 
rotutid,  to  convert  a  eonsiderable  portioo  of  the  sulphides  into  ooddes;  then  the 
masted  ore  is  melted,  either  in  reverberstory  or  in  blast  i^imacea,  with  addition  of 
slag  and  otfarr  fluxm,  if  the  ore  does  not  already  contain  a  sufficient  proportion  of 
silicates.  During  this  operstion.  the  oxide  of  copper  formed  in  the  roasting  is  recon- 
TiTted  inio  sulphide,  while  the  iron  which  remained  in  the  roasted  ore  as  sulphide, 
|>asses  to  the  state  of  oxide.  A  slag  is  then  formed,  containing  the  greater  part  of  the 
ma  in  the  ore^  and  a  salphide  of  iron  and  copper  {roart^  m*ial^  RoKatttn^  matte 
eiovreHS$),  containing  the  greater  part  of  the  sulphide  of  copper  in  the  ore,  and  a  much 
smaller  proportion  of  sulphide  of  iron.  The  coarse  metal,  which  may  be  described  sa 
a  concentrated  copper  ore,  is  now  acain  roasted  or  calcined,  and  the  roasted  pro- 
duct is  again  ftued  with  the  slags  of  other  ocerations,  frequently  also  with  addition  of 
oxidised  copp4T  ores,  when  such  are  available.  This  operation  yields  a  second  slag, 
containing  u  lar^r  proportion  of  iron,  and  a  second  regains  containing  a  still  larger 
proportion  of  sulphide  of  copper  than  the  first :  and  by  repeating  tbese  calcining  and 
melting  overatioDs,  a  certain  number  of  times,  rar)  ing  according  to  the  natore  of  the 
ore  and  toe  oonetniction  of  the  furnaces,  a  reguius  is  at  lengtli  obtained,  consisting 
almost  wholly  of  salphide  of  copper.  Now  when  this  compound  is  roasted,  with  free 
access  of  air,  the  flnt  result  is  to  oxidise  both  the  snlphor  and  the  copjpcr,  the  sulphur 
mainly  going  off  as  sulphurous  acid,  so  that  after  a  while  there  remains  a  mixture  of 
sulphide  and  oxide  of  copper,  which  compounds,  at  a  certain  tempemtore,  dceompoee 
eaen  otlier  in  such  a  manner  ns  to  yield  sulpharons  acid  liml  metallie  eapp&t  {t.g. 
CuS  +  2CuO  »  80*  +  Cu*).  The  pnvluct  of  the  operation  is  a  regains  of  metallic 
copper,  varying  considerably  in  purity  according  to  the  particular  series  of  operations  to 
which  it  has  beisn  Babjeeted,  and  known  as  rf>arse  copper,  blister  copper,  Sekvarekupfer, 
cidvre  noir,  fte.  This  impure  metal  is  lastly  subjected  to  the  refining  process,  which 
ia  mora  or  less  complicated,  according  to  the  degree  of  parity  of  the  eoarae  copper. 

The  several  operations  of  calcining  and  melting  are  performed  either  in  reverbera^ 
tory  fur^ac«^  or  in  blast  famoccs  similar  to  tho»e  used  in  the  smelting  of  iron,  only 
not  so  Luge.  The  choice  of  one  or  the  other  form  of  furnace,  is  determined  by  the 
cirenmstanoes  of  the  locality.  Where  there  is  abund&nee  of  coal,  and  of  good  fire^clsy 
for  the  oonstmction  of  the  iumsce,  as  in  the  neighbourhood  of  Swansea  in  Soatn 
Wslea,  reverberatoty  fnmaces  are  used :  but  whtre  these  conditions  are  not  fulfillwl, 
SB  in  most  of  the  continental  localities  where  copper  is  smelted,  t.he  preference  is  given 
le  Uiat  lUmaoes,  partly  oecaoae  they  are  loss  quickly  corroded  by  the  action  of  the 
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melted  alap,  partly  bei»iue  thev  eosure  a  more  trctmomic*!  conaaraption  of  the  fae\ 
Had  less  lose  of  copper  in  the  allies. 

Otfj^per-tmelting  in  Heverhfratory  Fiirnaer* :   WeUh  Pneeu. 

Copper^nnelticg  has  been  carried  on  in  the  Eritish  Isilea  from  very  early  times.  Then* 
are  recorda  of  copper-worka  in  Northumberland,  Cumberland,  and  Yorkshire  in  the 
reign  of  Edward  III. ;  and  smelting  workfl  were  subsequently  established  in  Lancashire, 
St^ordshire,  GLnitrestershisrc,  Comwoll,  and  the  niMghbourhood  of  Bristol,  iu  nuMt 
easBB  in  the  neighbourhood  of  copper  niiuee.  At  all  tbeae  old  vorkjt,  blast-faraarac 
appear  to  have  been  imed.  In  the  Kerenteenth  century,  copper-gmelting  waH  exten- 
■ively  carried  on  at  Neath  in  South  Wales ;  hut  at  present  the  largest  fopper-worka  in 
Great  Britain  arc  at  Swansea,  a  locality  eminently  adapted  for  the  porpoaet  not  only 
by  the  great  abundance  of  coal  Ijj  its  Ticimity,  but  also  by  il«  position  on  the  coaat,  at 
A  short  distance  from  Cornwall  and  Devonshire,  the  counties  ftom  which  the  latgeat 
4}uantitiea  of  copper  ore  are  obtaiii4«d,  and  easily  accessible  to  reBsels  oonTeying  ore 
from  Spuiu,  South  America,  Australia,  and  other  parta  of  the  world. 

The  ores  smelted  at  Swansea  maT  be  divided  into  five  dosaes : 

1.  Sulphides  of  copper,  mixed  with  a  large  proportum  of  mlpbide  of  iron,  and  only 
a  very  small  quantity  of  oxidised  copper-iximpounda.  The  gangue  is  formed  of  quarts 
an<l  earthy  mutters.     Proportion  of  coppnr  from  3  to  16  per  cent. 

2.  Cupriferous  pyriteu,  similar  in  composition  to  the  preceding,  bat  containing  a 
larper  proportion  of  copper,  viz.  15  ta  2d  per  cent, 

a.  Cupriferous  p^'ritcs  containing  very  little  iron  pyrites,  or  any  other  subetance 
hurtful  to  the  quahty  of  the  copper,  but  a  larger  proportion  of  oxidised  oopper-com- 
pounda. 

4.  Ores  consisting  chiefly  of  oxidised  copper-componndt*,  mixed  with  copper  pyrit«B 
and  purple  copper.    Oangue  quartzose.    Proportion  of  copper  25  to  4fi  per  cent 

5.  Veiy  ricn  oxidiaed  copper  ores,  free  from  sulphides  aud  injurious  substances  ;  tliej 
contain  from  60  to  80  per  cent,  of  copper,  in  the  metallic  state,  aud  as  oxide  and  o«r» 
bonate.     Those  choice  ores  come  principally  from  Chili. 

The  fiicility  with  which  the  reduction  is  effected,  as  well  as  the  quality  of  the  metal 
produced,  depends  in  great  mt^asure  on  the  judicious  admixture  of  these  several  varie:- 
liea  of  ore.  When  a  plentiful  supply  of  oxides  or  carbonates  can  be  obtained  to  mix 
with  the  sulphides  at  a  certain  atage,  the  number  of  operations  from  the  first  calciii:i- 
tion  to  thu  refining  may  Im  reduced  to  six;  but  when  only  snlphuroos  ores  are  at  hand, 
eight,  or  even  ten  or  twelve  operations  may  be  required.  Tho  following  is  on  outline 
of  the  process,  as  carried  on  under  the  most  favoorahle  circumiitiuices, 

1.  Calcination. — The  process  is  commenced  with  ores  of  the  finst-class,  consistinp;  es- 
Hcutially  of  theaulphidw  of  copper  and  iron.  They  are  calcined  in  alarge  reverberatory 
furnace,  called  tho  calciner,  of  which  Ji<f,  132  represents  a  horizontal  section,  and 
Jiff,  131  a  vertical  section  through  the  line  X  Y  of  tho  plan.  The  hearth  of  the  fomuce 
is  formed  of  fire-briek,  and  is  either  square,  as  represented  in  the  figure,  or  more  fre- 
quently oMong,  about  20  feet  by  12  feet  being  mual  dimenflionw.  The  vault  descends 
i:Tapidly  from  the  end  almve  the  fire-place  F,  to  the  0|»po»ite  end  R,  where  the  gaaes 
enter  the  tall  chimney.  The  famaee  is  charped  with  from  3  to  3|  tons  of  ore.  by  the 
cast-iron  hoppers  T,  the  charge  being  uniformly  spread  over  the  heiirJh  by  means  of 
long  iron  tools  cnlkd  «tirnn^  raf>MiX,  introduced  by  the  side  door*  p,  which  are  four 
or  six  in  number,  according  to  the  length  of  the  furnace.  Tho  projections  between 
theise  doors  serve  to  prevent  the  charge  from  getting  heaped  up  in  the  intervening 
space,  a  position  from  which  it  could  only  be  removed  by  stirring  from  the  opposite 
side.  The  fuel  aped  is  anthmcite  mixed  with  i  of  its  weight  of  bituminous  coal,  to 
make  it  cake  together  and  form  a  miuw  of  a  due  degree  of  porosity.  The  air  passL 
upwards  through  this  heated  mass  of  carbon,  its  oxygen  is  completely  convertod  ii 
carbonic  oxide,  wliich,  together  with  the  nitrogen,  passes  on  through  the  body  of  i 
furnace,  and  burns  at  the  expense  of  the  air.  which  eaten  by  the  aperture  n  {Jiff.  132), 
situated  near  the  fire-bridge;  and  by  Bmnller  apertures  in  the  side  doors ;  the  vault  of 
the  furnace  thus  becomes  filled  with  a  long  flnme  of  carbonic  oxide,  burning  in  contact 
with  the  atratum  of  air  containing  excess  of  oxygen,  which  enters  by  the  apertures 
above-mentioned,  and  Bpreada  itself  over  the  hearth.  The  ore  on  the  hearth  is  thus 
constantly  immersed  in  a  stratum  of  oxidising  gas,  kept  at  a  high  tcmp«rature  by  the 
eombuiJtion  of  the  carbonic  oxide  just  above  it.  A  considerable  portion  of  the  sul- 
phur in  tho  ore  is  thus  converted  into  sulphurous  acid,  which  esc.ipes  by  the  chimney, 
thu  copper  and  the  iron  being  at  the  same  time  piu-tially  converted  into  oxides.  The 
calcination  lasts  from  12  to  24  hours,  the  charge  being  stirred  from  time  to  time  to 
ex|>oi«»  »  fresh  surface  to  the  oxidising  atmosphere,  and  the  heat  regtUnted  so  h»  not  to 
j.ormit  tho  particles  to  dot  or  sinter  together,  the  tendency  to  which  diminishes,  how- 


Cupiww  oxide,  (VO 
Copper  pyrite« 
Iron  pjritiMi,  FeS"    . 
Yarioo*  <iilpbid«e    . 
SMquioxidfl  of  imn  . 
Vanoiu  oxides 
SUica      . 
Eiirtbj  mHm  . 
Water  and  carbonic 
combioation 

Atmospheric   oxygen  oonsnmpd  by  f  j.- JEvolv&dJ  Water  and  carbonic  aoid  OS 
this  amount  of  ors  in  the  caldnationl  (  aa  gas.  J  Salphoroaii  acid . 

The  loss  of  weieht  which  occurred  during  calcination,  wsa  fbund  to  be  7*2  per  cent. 
and  the  loaa  of  sulphur  61*8  per  cent  of  the  total  in  the  ore. 

2.  Mfltmcf  of  tkti  eaMnrd  or*,  — This  proceae  is  performed  in  a  rererberatory 
furnace,  called  the  ore- furnace,  represented  in  figures  133,  134. 

Tjc  fuel  is  a  mixture  of  2  pta.  anthracite  and  1  pt.  oittuninoua  coaL    The  tenipentture 
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u  ratsed  bigber  than  in  the  caJdning  furnnce,  bj  inereanng  the  drangtit.  Tbf 
hearth  is  fonn«d  of  slag,  and  has  a  depressed  basin  at  B,  into  which  the  melted  metal 
ciaka.  The  charge  consists  of  the  calcined  prodnct  of  the  preceding  operation  mixed 
with  mrtai  slag,  a  product  obtained  in  operation  No.  4,  and  sometimes  with  unrooalM* 
ore  of  the  third  cLi£B  (p.  24),  and  a  certain  quantity  of  (luor  npar  to  render  Hie  d^ 
more  fluirL  The  oxideu  and  Biilphides  decompose  one  another.the  product*  t** 
chiefly  sulphide  of  copper,  oxide  of  iron,  which  paasea  into  the  slag  as  8iJJcat«.  \ 
•ulpburous  acid,  which  escapee,  ttie  oxidatloo  of  the  sulphur  being  also  partly  due,  m 
in  the  preceding  operation,  to  the  action  of  the  air  in  the  furnacew  The  proceaa  is 
completed  in  four  or  Are  hour?.  The  products  conaiat  of  a  regulus,  called  eoarae  meUd, 
containing  the  greattr  part  of  the  copper  aa  sulphide  and  a  c»Ttain  quantity  of  anl- 
phide  of  iron,  and  a  wlag  rich  in  iron  and  containing  numerous  Hiliccoua  fn^ment* 
disseminated  througti  it^  which  give  it  a  muddy  consiateDce.  This  slag  is  rak(>d  oat 
of  the  furnace  by  a  rabble  introduced  through  the  door  p,  and  faUs  into  »  eeriea  of 

Fig.  133. 


Fig.  134. 
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rec-fangTilar  cavitiea  U,  formed  in  a  bod  of  sand.  At  the  same  time,  the  melted  coane 
ri'Ud  collected  in  tlie  basin  B,  is  run  out  by  &  tap-bole  at  the  bottom  into  a  reser^ 
Toir  R,  containing  water,  whereby  it  is  granulated. 

The  (Ortwwj/^o/ contains  about  33  per  cent,  of  copper.  It  is  brittle,  and  easily 
polrerised:  its  fnictured  surface  is  non-crystalline,  mieTcn,  more  or  lewi  granular, 
penenUly  vesicular,  and  *if  a  bronze  eoionr.  The  following  analyst's  havR  been  made 
of  it  by  replay  nnd  by  Niipier. 
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CompofitiMt  of  Coaru  MetaU 

83-7        Copper  ....     211— 39-5 

33-6        Iron        ...        .    83'2— 36  4 

Efidc^  oobalt,  nuagiiMM  10 

Fin 07 

lAnemc 0-3 

hof 29  2        Sulphur.        .        .        .    46-5— 25-0 

( mecLanicall/  mixed  .        .  I'l 
■99^ 

The  slag,  called  ort'fumace  staff,  geaerally  consiatfl  of  ft  hard,  brittle,  blAck  matrix, 
in  which  are  imbedded  sharp  angular  pieces  of  white  quartz.  It  firquentlj  con' 
tains  Binall  sbot«  of  coan«  metal.  If  tbexe  are  nnmeroaa,  the  slag  muat  be  n>melt«>d 
in  •Qb«<>qaent  opetatioos.  It«  arange  coropOidtloD,  a«  det«ntu,ned  by  Leplaj,  ia  aa 
fullows :  — 

Compotitian  of  Ote-fumaet  Slag, 

Qnaiti  b  admixtare 80*0 

Silica  in  combination 30-0 

Alamina 2*9 

Protoxide  of  iron 2S-5 

Lime 20 

Ua^DMia 0-C 

YaruNU  oxidra  (of  (iu,  maoganeae,  nickel,  and  cobalt)  .        .1*4 

Fluorine 1*0>     „., 

Calcium in 

Copper        .         .  0'fi» 

Iron    -         .         .  0-9 y     20 

Sulphor O-e) 

100-0 

This  stag  haa  nearly  the  eompoeition  of  a  ferroaa  metaailicate.  Fe'SiO*  or  FeO.SiO*. 

It  ^pean,  then,  that  in  the  melting  procau  in  thn  ore-fkmace,  a  considerable 
portion  of  the  iron  of  the  calcined  ore  ie  removed  in  the  elag,  and  the  whole  of  the 
copper,  excepting  the  aiiutll  portion  which  paeaea  into  the  alag,  ia  concentrated  in  a  re- 

Salua  containing,  on  the  Avera^e^  aa  much  copper  aa  pore  copper  pyrites  (p.  22).  The  re- 
action of  the  8ee<^uioxido  of  iron  in  the  calcined  ore  to  protoxide  'w  doe  to  the  action 
of  the  talphvr,  which  ia  osidieed  to  sulpharoiu  acid  at  the  erpenBe  of  the  ferric  oxide. 
Any  copper  that  may  eziat  in  the  atate  of  silicate  in  the  mrtalthg,  forming  part  of  the 
ehu^  of  tJie  ore-fiimace,  is  converted  into  enprous  snlphide  by  mutual  decompocition 
with  Uie  eulphide  of  iron,  which  ia  always  present  in  this  furnace,  and  paaaea  mto  the 
courae  metaL 

3.  CakmatiMi  of  Uu  grantdated  eoar$f  niftaL—Hhii  operation  ia  performed  in  a 
caldjier.  with  free  aoceaa  of  air,  the  charge  being  frequently  stirred  and  turned  orer. 
The  caloiBBtioa  ia  complete  in  about  24  honrs,  the  heat  being  padnally  raised 
lowftida  the  end  of  the  process.  No  satisfactory  analysis  of  the  calaned  product  haa 
jet  been  made.  Leplny,  however,  found  that,  in  a  sample  of  ooane  metal  containing 
83'7  per  cent  coppter,  34  2  iron,  1-6  of  various  other  metals,  29*6  sulphur,  and  1-1  slag, 
the  proportion  of  sulphur  was  reduced  by  calcination  to  16 '4  per  cent  The  sulphur  la 
evolved  aa  stdphuroae  and  aalphwric  acids. 

4.  MttUng  oftht  ealcintd  oaarn  metal, — The  calcined  product  No.  8  is  melted  with 
addition  of  matters  rich  in  oxide  of  copper,  namely,  rotutlrr  and  rffiiiery  alagty  and  a 
quantity  of  oree  of  the  fourth  clam  (p.  24),  consisting  of  oxides  and  carbonates  of 
copper.  The  furnace  is  similBr  to  the  ore-fbrnace  {jig.  133),  excepting  that  the  hearth 
haa  no  basin.  The  process  is  condaeted  in  a  similar  manner,  excepting  that  it  is  con- 
tinned  two  hours  longer,  and  the  heat  is  raised  higher.  The  reaction  consista  mainly 
in  a  doable  decompoeition  between  the  sulphide  of  iron  and  oxide  of  copper,  whereby 
oxide  of  iron  is  formed,  which  pfls»€«  into  the  slag  as  rilicnte,  and  snlphiae  of  copper, 
which  forms  the  regnlua;  v<«r\-  little  sulphnrons  acid  i»  erolved.  The  slag  is 
skimmed  off,  and  drxwn  out  of  the  furnace  through  the  end  opening  below,  where 
sand-beds  are  placed  to  receive  it  The  regnlns  is  bipped  off  into  sand-monlds  immo- 
diatcly  ill  front  of  snd  Vielow  the  tap-hole  of,  the  ftimace. 

The  composition  of  the  regulos  produced  in  this  operation,  varies  with  the  proportioa 


S8 


COPPER. 


of  oxide  of  eopper  mixed  with  the  calcined  coarse  metal  When  a  BofSeiont  qvantifjr 
of  oxide  and  carbonate  can  be  added  to  deoom^oee  the  whole  of  the  sulphide  of  iro« 
present,  the  reffulos  has  very  nearly  the  composition  of  cuprons  snlphide,  Cn^  tbe  de- 
composition taking  place  as  represented  by  the  equation  — 

CuH)  +   FeS  +  aeiO«  «  Cu«8  +  FeOjfliO*. 

The  regains  formed  under  these  cireamstanoes  is  called  wkUe  meUd.  It  hae  »  dark 
bloiah  grey  colonr,  and  fiunt  metallic  lustre^  is  compact  and  brittle,  with  aneren,  gn- 
nnlar,  and  more  or  less  crystalline  fracture.  It  contains  on  the  arerage  73-2  per  cent, 
eopper.  A  sample  analysed  by  Leplay,  of  specific  grarity  6-70,  eontaiaed  77*4  per  eeoL 
eopper,  0*7  iron,  with  tnoee  of  nickel  and  cobalt,  0*1  tin  and  araenie,  21*0  sokihiir,  and 
0*3  slag  and  sand.  Pure  cnproos  sulphide  contains  80  per  cent  copper.  (See  StrLrazDxs 
OF  CoFPBB  Axn  Iboh,  ii.  77).   v 

The  slag,  called  metal-slaff,  is  brittle,  compact,  and  occasionally  rcty  erystalliiie^  of 
hloe-grey  to  Inonse  yellow  colour,  and  inclining  to  metallic  lustre.  An  anmtyaia  bj 
Leplay  gate : 


SiUca       . 
Alnmina  . 
Protoxide  of  iron 
Cuprous  oxide 
Various  oxides 
Lime       •        . 


33-8 
1-6 

660 
0-9 
21 
1-4 


Magneflia  .        .        •        »        ,     0*S 
Slag  mechani.j9°PP^      •         '     ^"^ 


0-3 
0-8 


100-0 


If  the  proportion  of  oxidised  copper-compounds  in  the  ehazge  is  Icaa  than  what  is 
required  lor  producing  white-metal  of  the  composition  abore  giren,  the  regains  will 
contain  a  considerable  quantity  of  iron,  constituting,  from  its  colour,  what  ia  called 
blue  metal ;  white-metal  indeed  passes  insensibly  into  Une  metal  as  the  proportion  of 
iron  increases. 

Blue  metal  always  contains  metallic  copper  diffused  through  it  in  Terj  minnte 
particles,  and  protruding  into  the  interior  of  cavities  in  the  mass,  in  delicate  hair-like 
filaments.  The  manner  in  which  this  metallic  copper  is  formed  is  not  very  clearly 
understood ;  but  the  redaction  appears  to  take  place  during  cooling,  snd  to  depend 
upon  a  reaction  between  the  sulphide  of  copper  in  the  regnlus  and  ue  oxides  in  the 
sUg.  When  the  oxidised  copper-compounds  in  the  diarge  are  in  excess,  some  of  the 
copper  is  likewise  reduced,  ana  a  regulua  is  formed  similar  for  the  most  part,  in  eom- 
poflition,  colour,  and  properties,  to  white  metal,  but  exhibiting  oa  its  upper  anzface 
numerous  pimple-like  excrescences,  whence  it  is  called  pimple-metal. 

fi.  Boasting  of  the  White  or  Blue  metal. — In  this  operation,  the  sulphnr,  vhieh  had 
hitherto  been  retained  in  union  with  the  copper  as  an  agent  of  concentration,  ia 
finally  expelled  in  the  form  of  sulphurous  ado,  and  at  the  same  time  certain  foreign 
metals,  namely,  usenic,  antimonT,  iron,  cobalt,  nickel,  tin,  ice,  are  removed,  by  oon- 
Tersion  either  into  volatile  oxioes,  or  into  silicates,  which  pass  into  the  aUg.  Tb« 
process  consists  of  two  successive  reactions,  which  take  place  in  the  same  furnace : 
1.  The  direct  action  of  the  air  on  the  metal  kept  at  a  temperature  near  ita  melting 
point ;  2.  The  reaction  of  the  oxide  of  copper  thus  formed  on  the  sulphides  not  de- 
composed by  the  zosstin^  whereby  salphuroos  add  is  evolved,  and  copper  redoeed  to 
the  metallic  state.  The  metallic  copper  thus  obtained  is  called  bUeier  eopftr,  fitnn  the 
appciirance  of  its  sufiu».  There  is  sIm)  formed  a  dag  very  rich  in  copper,  called 
roaster-dag,  which  is  added  to  the  fumaoe-chazge  in  the  smelting  of  tiie  calcined 
granulated  coarse  metal  (No.  4).  ^ 

The  operation  is  performed  in  a  reverberatozy  fhmaoe  similar  to  the  melting 
fhmace  (fig.  138),  but  having  a  side  door  by  which  the  pigs  of  regnlus  are  introdoised : 
and  lateral  openings  near  the  fire-bridse  for  the  admission  of  air.  The  rich  oxidiaed 
ores  of  class  6  (iL  24)  are  added  to  the  charge.  In  half  an  hour,  the  pigs  begin  to 
melt,  and  the  temperature  is  so  regulated  that  the  ftudon  may  be  complete  in  six  or 
eight  hours.  The  surface  of  the  mdted  mass  ^ypean  to  boil,  owing  to  the  escape  of 
smphurous  acid,  produced  by  the  mutual  decomposition  of  the  oxides  and  aolpludea. 
The  slag  which  forms  on  the  sut^Me  of  the  melted  regulua,  is  skimmed  off  twice  during 
the  operation,  once  immediately  after  fusion,  and  a  second  time  jost  before  tapping. 
After  a  while,  the  temperature  of  the  furnace  ia  lowered  snffiaently  to  allow  the 
regulus  to  solidify.  When  it  has  become  V^Btj,  its  surfiu:e  is  thrown  up  into 
craters,  in  consequence  of  the  continued  evolution  of  gaa,  whereby  the  extent  of 
surface  exposed  to  the  air  is  greatly  increased  and  the  oxidation  assisted.  Finally, 
the  regulus  is  again  mdted  into  sand-moulds,  where  it  solidifies  in  the  fSorm  of  bUater 

The  fbUowing  are  analyses  of  blister  copper  and  roaster  slag. 
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Blltur  copper.  X^^pUr. Njplw. 

Copper 984  97  6  98  0  9K  5 

Iron 0*7  0-7  06  08 

Nickel  oobdt.  mui«AnMe           *      0*8  1-0  0-7  00 

Tin  and  uveoie          .        .        .      (K  0*2  0*3  0*1 

Sulphur 0-2  0-6  0-5  06 

loou  1000  100-0  1000 

Bamiter  tlag.  Leplar* 

SaiM 47'5 

Alamica       .         .                          3*0 

Caproojs  oxide        ........  16-9 

Ferroiu  oxide 28  0 

Oxides  of  aickd,  cobalt,  tnAOgiiaese        .         .         .        .  09 

Stanooiu  oxide      ........  0-3 

Lime  mad  ina^iiMsu       .......  trui-«>« 

HeUkllio  eopper 2  0 

98'« 

Acrording  to  Lt^play,  roaster-fllug  rontaiiui  on  an  arora^  20  per  cent,  of  copper, 
incluaivc  of  that  present  in  the  metallic  titate.  It  b  reflicalar,  more  or  Icn  scoriAceonn, 
of  dAfk  rcddisb-lrown  colonr,  Taried  here  and  there  with  grejiah  black,  and  without 
metallic  liutre. 

6.  Rtfining. — This  ia  the  last  operation,  and  ita  object  ia  to  remore  the  foreign 
metals  and  the  remainder  of  the  atdtihiir.  The  reagenta  by  which  this  change  is 
effected  are,  the  oxygen  of  the  air,  and  the  silieeooa  mattera  of  the  hearth  and  walls 
of  the  fUmacc,  together  with  those  which  are  fiimished  by  the  sand  adhering  to  the 
pigs  of  blistered  copper.  The  refininy  fbmace  is  similar  in  coniitructioa  to  a  melting 
ftinuice,  excepting  that  the  bottom  inclines  gradually  from  all  sides  towards  the  deepest 
Mrt.  which  is  near  the  end  door,  and  there  is  a  large  door  on  one  side,  but  neither  a 
hole  in  the  roof  nor  a  side  tap-hole.  The  furnace  ia  charged  with  6  or  8  tons  of 
pigs  of  blistered  copper,  which  are  melted  and  expoeed  for  about  16  hours,  to  the 
oxidising  action  of  the  air  which  ent<>rs  the  furnace.  The  oxide  at  copper  farmed, 
acts  eitber  immediately,  or  after  oombiniog  with  silicai,  on  the  sulphur  and  metals  more 
oxidable  than  the  copper,  thereby  oxidising  and  causing  them  to  rass  into  the  slag, 
together  with  the  excess  of  oxide  of  copper.  The  slag  is  skimmed  off  throagh  the  end 
opeaiiig. 

The  copper,  thus  freed  from  foreign  metals  and  sulphur,  is,  howercr,  in  a  neculiar 
state,  being  intimately  mixed  with  a  considerable  quantity  of  red  oxide,  which  destroys 
its  malleability  ;  in  this  state  it  is  called  dry  copper.    To  deoxidise  and  toughm  it,  a 

Quantity  of  anthracite,  or  free>bnming  ooal — chanwal  was  formerly  used — is  thrown  on 
tie  surface,  and  after  a  short  time,  a  Urge  pole  of  oak  or  birch,  the  greener  Ujo  belter, 
IS  thrust  into  it.  and  kept  down  by  fixing  a  prop  under  the  end  which  protrudes  from 
the  furnace.  Under  the  influence  of  the  high  temperature,  the  wood  gires  off  a  large 
quantity  of  reducing  gases,  which  cause  the  metal  to  boil  riobntly,  carrying  the 
particles  of  carbon  below  its  surface,  and  greatly  accelerating  the  re^lncii^  action. 
After  twenty  minutra  of  tliis  treatment,  which  is  called  pciintj,  the  refiner  takes  out  a 
sample  of  the  melted  metal  in  a  small  ingot-mould,  and  when  the  ingot  is  rold,  places 
it  on  an  anvil,  and  teats  its  quality  by  hammering.  Aa  soon  as  it  is  found  to  poaseas 
the  characters  of  good  metal  {tvu^'h  pitch),  the  snr&ce  is  again  skimmed  as  fast  aa 
possible,  and  Uie  metal  hidled  out  into  moulds.  Should  the  metal,  daring  the  process 
of  ladling,  become  more  or  less  dry  by  oxidation,  it  is  again  poled  for  a  short  time. 
IX  oa  the  contraiT,  the  poling  has  been  eontinaed  too  long,  the  copper  again  beeoauc 
brittle^  probabljr  because  the  oxides  of  certain  other  metals,  lead,  antimony,  &c.  present 
in  smiiD  quantity,  are  reduced  by  the  poling,  and  the  copper  consequently  becomes 
alloyed  with  these  metals;  in  thii  state  it  is  said  to  be  ovrrpoled.  To  remedythia 
defect,  the  sur&ee  ia  nnoovered,  and  exposed  for  a  abort  time  to  oxidation,  when 
the  copper  is  intended  for  rolling,  a  certain  quantity  of  lead  may  be  adrant8geon.<<ly 
added  to  it  just  before  ladling    The  proportion  used  is  rery  variable,  sometimes  as 

tmuch  as  80  lbs.  of  lead  to  6  toosW  copper,  sometimes  not  more  than  f^m  14  to  30  lb& 
The  rtJSnery'sUu/  ia  very  rich  in  copper.    A  specimen  anulvscd  by  Leplay  contained : 


ffilicm 47-4 

Alumina 2  0 

Cuprous  oxide  ....     36*2 

'  Ferrous  oxide  .         .        .         .31 

Oxides  of  nickel,  msngonese.  &c.      0-4 


Stannous  oxide 

Lime 

Maiin^'^iii 

Shots  of  metallic  copper 


0-2 
1-0 

02 
9-0 

995 
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A  specimen  examined  by  Dr.  Percy  contained  67-9  pep  cent  eopper  exiiituig  i 
cuprooD  oxide,  and  3*66  meUUic  copper ;  nuLkiog  a  total  of  60-56  per  cent  copper. 

It  hu  already  been  obeerred,  that  when  a  plentiful  supply  of  rich,  oxidiaed  or 
cannot  hb  obtained,  the  calcinAtioDa  and  fuaiooa  nare  to  be  reoeated  a  greater  numb 
of  limefl-.  tboa,  instead  of  at  once  subj'ectlag  the  wbite  or  blue  metal  retfulticg  fra 
the  melting  of  the  calcioed  coarse  metal  to  the  procesn  of  roastinff{as  above  described), 
it  ia  neceaiary,  under  such  circumstances,  to  calcine  it  again,  and  subject  the  calcined 
product  to  an  additioual  melting  before  commencing  the  roasting. 

The  mital-tiag  (No.  4),  and  Ukewiae  iha  ore-furnace,  aiag  when  it  contains  numerouj 
ehota  of  regulua,  are  nometimea  lemelted  in  order  to  concentrate  the  regulus  which 
they  contain. 

Laatly,  we  mnat  notice  the  pvccas  of  making  what  ia  called  "  bert  ««Ieeted  copper." 
which  ia  merely  a  ver;  pure  metal  uied  for  fine  parpoaefl,  especially  for  making  the 
bwjt  bniss.  The  proceee  coiisiata  in  melting  one  of  the  numeroiu  yarietiee  of  blue  mttM, 
and  tapping  it  into  a  series  of  modda  or  sand-beds.  The  piga  neareat  to  the  fomace 
then  contain  the  greater  portioQ  of  the  metallic  impurities,  while  those  more  remote 
contain  a  pnrer  iwgulos,  which  is  then  roasted  and  refined.  Another  method  is  to 
roast  the  blue  metal,  or  trimpU  Tnetai,  till  about  half  the  copper  is  reduced.  The 
ne-siduol  metaJ.  called  rcffuie^  b«*t  rtguU,  or  spongy  rtgult^  is  afterwards  loasted  and 
refined  by  itself. 

Copper  Smtiting  in  Blast  Fumactt. 

This  is  the  method  chiefly  adopted  on  the  continent  of  Europe,  as  io  Sweden  aind 
in  Oermaoy. 

8vedi$k  proeeaK — ^The  Swedish  copper  ores,  the  principal  mines  of  wfiich  are  at 
Fahtun,  in  Dalecarlia,  and  Atridal^erg,  in  Ostrogothia,  consist  of  copper  pyrit«a  mixed 
with  a  large  amount  of  iron  pyrites  and  sihceous  minerals. 

1.  BcHUting  or  Calcination. — The  ore  is  first  roasted  either  in  Idlne  formed  hr  walb 

built  in  the  manner  shown  in  Jig.  135, 
^'  ^^^-  or  in  open  pyramidal  heaps,  most  fre- 

quently  the  latter.  In  either  case,  a  bed 
of  wood  about  12  inches  hieh  is  formed 
on  the  ground,  and  on  ttiia  the  ore 
i»  piled  in  alternate  layers  with  sm&D 
charcoal,  to  the  height  of  2  or  3  feet  ia 
the  kilns,  and  10  or  12  feet  in  the  heapa 
By  this  means,  a  large  portion  of  uie 
Butphur  is  burnt  away,  whQe  the  iron 
is  chiefly  oxidised,  as  in  the  Welsh 
faoeesB  of  calcinaHon.  The  roasted  ore  should  retain  sufficient  sulphnr  to  fomiah, 
iHmb  smelted,  a  regulos  yielding  from  SO  to  30  per  rent  of  copper. 

S.  Ftuiom  of  the  roastni  <>r«.— The  roasted  ore  is  next  mixed  with  b/acJt  copper  tiag 
a  product  obtained  in  the  fourth  operation,  and  containing  a  laige  amount  of  iron. 
The  proportions  should  be  so  a^jnsted  as  to  yield,  when  smelted,  a  regulus  containing 
from  20  to  30  per  cent  of  copper,  and  a  slag  baring  nearly  the  oomposition  Fe'SiO',  or 
S/VO.S@tO*,  which  is  found  to  posMss  the  proper  degree  of  liquidity.  The  mixture 
of  ore  and  black  eopper  slag  is  smelted  with  eoke,  or  s  mixture  of  ooke  and  efaarooal 
in  a  eapoU  {9tkmM^m\  eaUed  the  ort-funuM,  about  18  feet  hig:fa,  the  fira  b^ng 
nigsd  b^  a  blast  The  ngolos  obtained  is  a  mixture  or  oompoond  of  die  stibmlphides 
ofaapperBndinHL 

3.  OMtgtimg  of  the  rA^Ht.— The  regnlns  is  next  roasted  in  s  range  of  kilns  con- 
smded  on  sach  side  of  a  medium  wall  in  the  manner  represented  in  Jig.  135.  The 
roasting  i*  repeated  fbnr,  flre,  or  eren  six  times.  When  the  first  firing  is  finished,  the 
reg^as  is  transferred  to  the  next  kiln,  then  to  the  next  and  so  on  till  it  is  zoasted 
■^dead"  or  **  sweet**  No  ehareoal  is  added  in  the  first  firing  hot  tn  the  second  U 
aeasnre  of  charcoal  is  spread  upon  the  wood,  and  the  qwmtity  is  increaaed  in  e«c& 
a  ace— ire  firing,  till,  in  the  sixth,  12  measures  of  charcoal  are  added.  *■■  ■"JTUg  three 
layecs,  including  that  on  the  wood  The  entire  roasting  ceneraUy  lasts  from  seren  to 
eight  wveka.  Duing  the  roasting,  oxide  c£  sine  is  formed  from  sulphide  oootained  in 
tiMrsgnloa. 

Fftim  for  black  evpptr. — Tba  roasted  regalos  from  the  last  operatMm  la  nest 
imehed  in  the  Utk  copper  fmmmee,  which  is  also  a  cnpola,  but  of  sotaller  diaaensions 
tbaa  the  ora-ftanaeei,  m  adaixtore  with  a  noaslsd  ngolos  (tiin  rrymtms)  obteinad  in 
pfaasding  operatioaa,  also  with  refinery  s^aos,  Aunace-iesidnes  eontaiaiag  eopper.  and 
s^yameer  sfapa,  somctaaMS  also  with  additian  of  quartz.  Tba  ^so^scta  a»a  blutk 
p {Sckwmrtthtfifir),  an  impure  metallic  oPfpsr. aoeJIed ftoai its  avpetfteial  cnisl 
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of  bl«ek  oxide :  tUn  rtgulu*,  eontoining  from  66  to  72  per  cenL  of  copprr ;  uid  black 
cupiptr  daa,  ehicAjr  ooiuuting  of  ailicate  of  iron,  but  cooUining  about  1  per  cent  of 
ooppar.  Thia  iW  la  added  to  the  ch&rge  of  the  ore-furnace  in  a  subsequent  operation, 
and  the  thin  xcgoJiia  ia  remelted  in  »  Baboequeiit  fuaioo  for  black  copper. 

The  black  oopper  has  lastly  to  be  refined^  to  free  it  from  sulphar  and  foreign  metals. 
This  is  eilected,  as  in  the  Welsh  ptocess.  by  melting  it  under  a  larer  of  chanioal,  and 
talnecting  it  at  the  same  time  to  the  action  of  a  current  of  air.  Tne  arrangemtolB  iir« 
simiiar  to  those  used  in  Germany,  which  vill  be  presently  described. 

The  fblloviog  are  analrses  of  the  block  and  refined  copper  of  Atridaberg.  made  at 
the  mining  school  of  Fahltta:  — 

BiMk  copper. 

^  Copper .  .  94  39 
Iron 204 
Zinc 1-65 
Cobalt  and  nickel 0  63 
Tin 0-07 
Lead 019 
Silver Oil 
Oold not  looked  for 
Solphor 0-80 
AxMoie trace 

M-78  99-7645 

The  greater  part  of  the  cobalt  is  separated  in  the  reftotng,  and  becomes  concentrated 
in  the  slag. 

Manajtld  ttroeesa, — The  copper  ore  of  the  Mansfeld  district  in  Pruaaian  Saxony 
eonsiata  of  argillaceoos  schists  {Kup/er^kie/er),  largely  impregnated  with  biton>en,  and 
oootaining  oopper  pyrites  disaemiaated  in  small  crystus.    The  schist  is  first  roasted  ia 


99-460 
0*111 

0110 
scarcely  a  tmee 
dittOi. 
0066 
0  0016 
0*017 


Fig.  136. 


Fig.  137. 
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pyramidal  heaps  on  beds  of  wood.    Very 

little  fbel  is  required,  the  fire  being  kept  np 

by  tb<*  combustion  of  the  bitumen  contained 

in   tb«  EobixL     The  roasted  ore  is  then 

mixed  with  from  6  to  8  per  cent,  of  floor 

spar,  cupriferous  slagfrnm  snlisequent  stages 

of  preceding  operations,  and  often  with  small 

quantities  of  cupriferous  3c!ii.irt«  containing 

carbonate  of  lime.    This  m ixtnre  is  smeltea 

in  cupolM  fmm  15  to  20  {ct-t  high,  heated 

with  coke.     Pig,  136  ia  a  rerticAl  section 

of  the  furnace,  passing  through  one  of  tlio  lifyerrs.    f'^.  157  is  a  front  rii*w,  with  a 

section  of  the  lower  part  of  the  shaft.    This  lower  part  of  the  emeible  is  formed  of  *iU- 

eeoos  grit,  the  upper  part  of  brick.    The  fomace  (the  ore-ftimace)  has  two  tuyms  1 1, 
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I^aced  either  on  the  sanifr  side  of  the  ahaft  (m  in  the  flgnre),  or  on  oppofnt«  sideK.  At 
the  bottocD  ot  the  crucible  are  two  aportrarce,  o  o,  which  are  opened  alternately  to  bDow 
the  fused  products  to  run  into  the  basins  C  C  The  furnace  is  tilled  with  ore  and  fn«l 
in  alternate  layers.  The  regultu  and  alag  are  constantly  running  fmm  the  ftimaoe  into 
one  or  other  of  the  banns  C  C.  The  elav  is  moulded  into  largo  bricka,  which  aui* 
for  building.  The  regnlna  {Rohslein),  vmich  doea  not  amount  to  more  than  ^  of 
the  iraight  of  the  roasted  ore,  is  composed  of  cuprous  anlphide,  Ca*S,  and  hrntm 
■nll^de,  Fe'S,  and  contains  from  20  to  60  per  cont.  of  copper,  according  to  the  natro  _ 
of  the  ore.  The  poorer  kinds  of  regrilms  containing  from  20  to  30  per  cent,  of  copM^^fl 
are  roasts  three  times  on  beds  of  wood,  and  attain  irnieltcd  with  alaga  from  preeead^^l 
operations,  those  being  selected  which  lay  immfnliiitely  shove  the  regoluB  in  tl^^ 
buins  C  (7.  A  new  regulas  (Spunttrin)  is  thos  obtain»d,  containing  as  huge  a  propot** 
tion  of  copper  as  the  fimt  regiilus  of  the  richer  ores. 

The  richer  reguli  {Spuratrin  and  Dunruttin)  are  toasted  six  times  in  saccessioo  on 
beds  of  wood  in  brick-walled  kilos  like  those  ropreaonted  in  Jig.  13A  (p.  30).  During 
the  roftnting  a  considerablo  quantity  of  sulphate  of  copper  is  formed,  which  is  rexnored 
bj  lixiriation  and  crystallised. 

The  roasted  and  lixiviated  rcgulus  (Gaarroat)  is  now  smelted  with  a  due  proportion 
of  slag  in  a  blast  furnace,  similar  to  that  represented  m  fig.  \'\G.  hut  smaller.  The  pro- 
docta  are  black  capptr,  a  rich  regulas  {Diinnstein),  which  is  added  to  the  second  regnlua 
obtained  in  the  preceding  operation,  and  slag.  The  black  copper  is  removed  in  tb« 
form  of  disca,  by  throwing  water  on  the  surface  so  as  to  form  a  solid  crust.  It  contains 
about  96  percent  of  copper,  3  or  4  per  cent,  of  iron,  and  small  quantities  of  silver  and 
antimony. 

The  quantity  of  silver  in  the  black  copper  is  gefnerall^  sufflcient  to  render  Its  extrac- 
tion profitable.  Thia  is  effected  by  a  process  called  eitquation,  depending  on  the  fact 
that  lead  forms  with  silver  a  more  fosible  alloy  than  with  copper.  The  argentiferous 
oop|>er  is  melted  with  lead  (argentiferotui  lead,  if  it  can  be  had),  and  the  melted  alloy 
is  either  suffered  to  cool  very  slowly,  in  which  case  the  copper  solidified  first  in  eom- 
binntion  with  a  portion  of  the  lead,  while  the  rest  of  the  lead,  in  cotnbiQiition  with  nearly 
the  whole  of  the  silver,  remains  liquid ;  or  the  whole  of  the  Aised  mass  is  oust  into  discs, 
which  are  then  subjected  to  a  gnidually  increasing;  heat,  the  effect  of  which  is  to  melt 
out  the  silver  in  combination  with  part,  of  the  leiul,  whtlo  an  alloy  of  lead  and  copper 
remains  in  the  solid  state.  The  argentiferous  lead  ia  then  cupelled  to  aepantte  the 
silver.     (See  Silvbr.) 

The  alloy  of  lead  and  copper  thus  obtained,  still,  however,  retains  a  small  portion 
of  silver,  wnich  is  sometimes  separated  fixiai  it  by  subjecting  it  to  a  higher  temperature 

in  contact  with  a  current 
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of  air,  whereby  a  fresh 
portion  of  lead  contain- 
ing silver  is  separated, 
cot,  however,  in  the  ni«- 
tallic  state,  bat  in  th« 
form  of  litharge. 

Rffining. — The  hlack 
copper  thus  desilverised 
is  refined  in  a  reverbera- 
tory  furnace  constructed 
like  a  cupeUiog  furnace. 
The  metal  is  Aised  on 
the  hearth  a,  y%?.  138,  and 
subjected  to  the  oxidising 
action  of  a  blast  of  air 
from  the  tuyerea  n,  /ff. 
139.  A  red  slag  is  then 
formed  containing  tb« 
foreign  metals,  iron,  leatl, 
&o.,  and  a  considerable 
quantity  of  caprous  ox- 
ide ;  it  is  removed  from 
time  to  time  by  the  door 
p.  The  refiner  judm 
of  the  progress  of  tlM 
operation  by  taking  out  from  time  to  tinip,  a  small  quantity  of  the  melted  metal* 
and  examining  it  in  the  manner  to  be  presently  described  When  the  proceea  ia 
flniibed,  the  melted  copper  is  run  off  into  the  basins  A  h^  and  a  little  wat«r  ia  pound 


CMii,  but  is  immediately  reflnod,  in  a  smftll  ftirnaoe,  called  a  refining  hecrth^  of  which 
/iff.  140  L»  a  vertical  acction  nadjiff.  HI  u  a  penpective  view. 
*  It  cotuiata  of  a  heiiuK)lifricaI  miciblr  C.  about  2  or  2|  feet  in  diameter, and  16 14>  IS 
inches  deep,  and  made  of  BogUab  firs-clay  miicd  with  aand,  and  well  beaten  down.   It  ia 
■urrouudftd  by  a  niaed  platform^  haring  on  opening  A,  which  md  be  doacd  by  a  door. 

Fiff.  140. 


The  crunble  hATing  been  dried  by  flllisg  it  with  h'ghted  charcoal,  fmh  charcoal  ia 
Hddod,  the  pigs  or  discs  of  bUck  copper  are  placed  on  the  charcoal  opposite  to  the 
tuyere  T,  and  the  blast  is  turned  on.  As  soon  as  this  portion  of  copper  is  melted, 
more  is  added,  e&re  being  also  taken  to  keep  the  cmcibie  Aill  of  charcoaL  A  channel 
t  i,  allowa  the  slag  prodt^ed  daring  the  refining  process  to  run  off.  As  the  oxidation 
proceeds,  salphuToas  acid  is  given  off,  somttimes  accompfuiicd  by  white  vapours  of 
oiide  of  antimony.  The  first  portions  of  slag  which  run  off  are  of  a  gret-nish  colour, 
and  contain  much  oxide  of  iron  ;  the  snbseqaent  portionB  ore  of  a  dark  red  colonr,  and 
are  rich  in  copper-  To  judge  of  the  progress  of  tae  operation,  the  refiner  from  time  to 
time  dipt  a  cylindrical  iron  rod  into  the  melted  copper,  then  quickly  withdraws  it, 
cools  it  ny  immersion  in  cold  water,  knocks  off  the  hollow  cylinder  of  copper  adhering  to 
the  end,  and  examines  it  If  it  is  thick,  smooth  on  the.outer  surface,  and  yellowish-red 
inside,  the  copper  ia  "  too  voung,"  and  must  be  ftirther  exposed  to  the  action  of  tho 
blast  When  it  becomes  tlun,  brownish-red,  and  crinkled  on  (he  outer  surface,  of  a  pure 
copper-red  in  the  interior,  with  metallic  lustre,  and  m»y  he  bent  seTeral  times  without 
breaking,  the  copper  may  be  regarded  as  refined,  or  nearly  so.  When  it  becomes  so 
thin  as  no  longer  to  form  n  continuous  coating,  but  merely  to  surround  the  imn  in 
some  places  like  network,  and  in  others  to  preaeot  the  appearance  of  small  pointed  or 
Vm,.  IL  D 
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beaxded  ezensoenew,  the  l>lMt  should  be  immedUtefy  stopped,  as  tiie  tappa  Ss  < 
refined  or  "nbeigur." 

When  the  reflmjag  is  Judged  to  be  complete,  the  copper  is  talEeii  oat  in  rotettet  in 
the  manner  abore  described. 

Tbugkening  {Hamrner^aarmaehen). — Roeette  copper,  tboogh  tolerably  pure,  is  not 
Teiy  malleable,  because  it  contains  a  considerable  quantity  of  red  oxide ;  in  fhct,  it  is 
in  the  state  ctJled  "  dry  "  by  Enslish  smelters.  It  is  sold  for  the  mannftctore  of 
brass,  and  other  purposes  in  vrhicm  it  requires  to  be  melted  up  again.  To  oonTert^  it 
into  malleable  copper,  it  is  again  melted  on  a  refining  hearth,  under  charcoal,  but  vith 
the  tuyere  less  inclined  then  in  the  preceding  process,  so  that  the  oxidising  action  of 
the  blast  may  not  be  so  strong.  There  is  nothing  peculiar  in  the  process,  exciting 
that  it  must  be  done  with  great  care,  so  as  just  to  reduce  the  oxide  bv  the  action 
of  the  red-hot  charcoal,  without  bringing  it  into  the  over-r^ned  state,  like  the  orer- 
poled  copper  of  the  English  works  (p.  29).  The  refiner  takes  ont  a  sample  now  and 
then,  and  tests  its  <^uahties  by  hammering.  Altogether  the  refining  and  toughening 
of  the  black  copper  is  a  more  tedious  process  than  that  of  the  English  blister  copper 
(p.  29.)  because  the  black  coppw  is  less  pure  than  the  latter. 

The  following  analytical  data  in  elucidation  of  the  Mansfeld  process  are  taken  from 
Ptrcj^t  MttaUurgy  :  — 


Analyset  of  the  Mansfeld  Schist  2y  Berthier. 
UntHirat. 


Routed. 


Silica 

Alumina     . 
Ferric  oxide 
Carbonate  of  lime 
Carbonate  of  magnesia 
Copper  pyrites   . 
Potash 
Water  and  bitumen    . 


400  Silica 

10-7  Alumina  ) 

6*0  Magnesia)       * 

19'5  Lime 

6-6  Oxides,  copper  (CuO) 

60  Oxides,  iron  (Fe*0*) 

2-0  Sulphur   . 

IP'S  Loss  by  calcination . 
1000 


60-6 
23-4 

7-8 
2-8 
9-0 
40 
0-8 
98-4 


4S-a 

17-2 

18-0 
2-6 
7-2 
2-4 
6-0 
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Analytet  of  Ore-furnace  Slags. 


Heioe. 


Dilica  . 

Lime  .        . 

Hagnena     . 

Ferrous  oxide 

Oxide  of  sine 

Cuprous  oxide 

Fluorine 

Alkali  (KK)X  and  loss 


67*43 

«3'83 

49-8 

.      7-83 

4-43 

12-2 

.    23-40 

3310 

19-2 

.      0-87 

1-67 

2-4 

.      7-47 

4-37 

13-2 

!      0-80 

0-24 

\    \ 

.      1-97 

2-09 

11 

Berthler.  HofAnmnn. 

48-22        tfO-00 

12-2        16-36        16-67 

19-29        20-29 


2-1 


3-23 

1076 

1-26 

0-76 


4-37 
8-78 
1-11 
0^7 


BbMnghmu. 

6413 
10-63 
19-41 
1-79 
10-83 


99-27        99-73        1000       99-86      100-84 


2-03 


98-72 


Analyses  of  Ore  Furnace  Regvlus  {Rohstein). 


Heine. 


a. 

6. 

6. 

d. 

Copper 

.  62-44 

48-26 

42-10 

31-70 

Iron 

.  20-49 

17-36 

19-26 

28-76 

Sulphur 

.  26-44 

24-68 

26-60 

27  80 

Zmc 

,      , 

2-90 

6-20 

4-36 

Nickel' 
CobaU; 

;   • 

0-80 

1-06 

1-26 

Lead 

.    0-41 

106 

1-60 

0-66 

Silrer 

.    013 

0-30 

0-27 

0.16 

^Oiea 


1-66 


1-16 


Ranamelfberg. 


47-27 
19-69 
26-76 


>-«f^Si,H^ 


99-91        96-78        96-02        96-31 


97-81 


/. 
43-62 
23-35 
28-70 

3-46 


i  Carbon,  v 
earthy  | 
matter,  1 088 

100-00 
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JbuUgv-t  nf  Conoenirated  Regulua  {^8purttnn\  and  JTUn  Urgviua  {Dunnstein)  from 
the  Slaek'copper  Furnace. 

SpanUln.  Dtioitein. 


Gopp«r 
Iron  . 
Sulphur 
Zinc^  nickel,  Aw. 


EbUngbam.    Bnthiflr.    DskTrab*.  SehllMMr.    Boujouku. 


69-8 
15-8 

985 


5918 
1W7 
20-01 
2-97 
98-23 


67-27 
16-82 
2217 
2-56 
98-31 


61-23 

1519* 

24-38 


100-80 


Supposed  Bational  CoiutUuUon  of  the  above  (Rammekberg). 

Capions  nilphide.        .    67'47         .    .  40-66        67-69        77*96 

Ferrous  snlphide .        .    24*76         .    .  2611        26-66        23-80 

SoIphidesofZnandKi      .    .          .    .  4-44          3-81 

Metallle  copper    .        .      6-98         .    .  21-96        10-08       txticm 

dnalytet  of  Slags  aoeompanying  ConemtraUd  Regvhu  {SpurteUaeke)  oKd  Maek 

Copper. 


SpanchUdwn. 
^orDom.    HofftaaanD. 

Black  Copper  Sb(. 

bertbicr. 

Ludi. 

Gehrmbeck. 

SOicft  . 

.    8318 

84-11 

83.6 

88-16 

37-90 

Alomins 

.     11-22 

8*46 

6-6 

Ferrow  oxide 

.    3203 

87-68 

61-6 

47-22 

49-23 

Lime   . 

.     1714 

13-38 

6-0 

11-66 

9H)7 

.        .      2-96 

4-67 

.    , 

0-08 

1-47 

Co^)er  exiBting  partially 

18  enprooB  ralphide  .      1*90 

0-68    Ca*O8-0 

2-86 

1*69 

Sulphur 

.     not  det 

0-46 

98-48 


99-84  98-7        99^        99-26 


Analyse*  oftite  Con^tdy  Roasted  Regulue  {Qaar-tSsi^ 

lUnndfbOTf. 

Copper 61-97  67-69 

Iron       .........    20-39  10-66 

Zinc  and  nickel      ••.....      —  0*67 

Ozysen 13-61  867 

Solphnr.        ...                ....      2-11  1-64 

Matter  insoluble  in  adds        •       .        .        .        .    11-92  9-49 

fOO^  98-62 
Analyses  ofElaek  Copper. 

Bertbter.         Hoflteaaa.       Ebblnghaaa. 

Copper 95-46            89-18  92-83 

Iron 8-60              4*23  1-38 

Lead 0-97  279 

Silrer 0*49     not  determined     0-26 

Zinc,  nickd,  and  cobalt '3*98  1-06 

Sulphur 0-66             1-07  107 

100-00            99-38  99-38 

Rivot  and  PkOUp^s  Method  of  Copper  BmelHng, 

This  method  consists  in  completing  the  extraction  of  the  copper  hj  means  of  me- 
tallic iron,  after  the  greater  part  has  been  separated  by  the  ordinarr  nrocess  of  zeduo> 
tion  with  ooal  or  duurooaL  Kapier  (DingL  poL  J. xxriL  293)  had  snown  that  copper 
may  be  precipitated  from  ftised  silicates  containing  it,  by  the  action  of  the  electric 
current,  the  mineral  beinff  ftised  in  a  black-lead  crucible  connected  with  the  poaitiTa 
pole  of  the  batteiy,  and  uie  negatire  pole  bemg  formed  of  an  iron  plate  dipping  into 
the  fbsed  mass.  It  was  afterwards  found,  by  numerous  experiments  maae  at  the 
EdoU  des  Mines  in  Fazis,  that  metallic  iron  alone,  without  the  aid^  of  the  batteiy,  is 
capable  of  precipitating  copper  from  silicates  in  a  state  of  ftition,  just  as  it  does  from 


•  with  oth« 
u2 
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■aline  ■olutiom  at  onliaary  temperatures.  In  applying  this  method  to  pwctfoe,  how- 
•ver,  it  WM  found  that  the  ejcpfnditure  of  iron  would  be  too  heavy ;  hence  th*  modill- 
eation  above  noticed  was  adopted,  of  only  u?ing  the  iron  to  complete  the  redoetaon. 
The  process  is  ajs  follows:  The  ore  is  pounded,  ronsted  in  the  calcining  ftima<!C^  and 
then  heated  till  oil  the  ■nlpbatea  are  decomposed ;  by  tbis  means  nearly  all  the  sol- 
phar  ia  expelled.  The  routed  ore  is  then  fused  with  Ume  attd  non-bitumixicraa  coaL 
The  fusion,  which  must  be  quickly  conducted,  yields  two  products,  viz.  reduced  cop- 
per  at  the  bottom,  and  a  fused  mnsa  of  slug  or  mlicata  (called  the  bath)  floating  on  the 
top ;  this  contains  the  remainder  of  the  copper,  usually  from  2  to  2^  pta.  in  a  thonaaad 
(?  in  a  hundred).  This  n'sidual  portion  of  copper  is  procipilatod  by  the  immersion  of 
iron  bars  into  the  melted  slug  :  the  reduction  offtnipien  from  three  to  four  hours  for  a 
chHr^i-  of  6  ctr.  The  e\u^,  afttr  this  treatment,  sfill  retains  from  0005  to  0-0065 
copper ;  the  copper  yielded  by  it  is  also  contiiminated  with  0*004  iron  and  sulphur. 
and  still  rcquirea  refining.  The  estimated  saving  by  this  process,  aa  compared  with 
the  ordinary  method  under  given  circnnuitanccs,  is  about  17  per  cent.  (Jahrcab.  £ 
Chem.  i.  1021.) 

Estra<:tion  of  Copptr  in  the  Wtt  Wat/ :  Ceste-XTAtion  CoprBB- 

This  method  consists  in  precipitatinp  copper  from  solution  by  metallic  iron.  It  is 
not  much  practiseii,  being  economical  only  under  peculiar  circumstances.  The  dralnage- 
wster  of  mines  in  which  the  copper  exists  as  Hulpliide,  oft«n  contains  sulphate  of  copper 
formed  by  oxidation  of  the  pyrites.  Solutions  of  copper  are  also  prepared  artificiallj 
by  treating  the  poorer  oxidised  ores  with  sulphuric  or  hydrochloric  acid,or  hy  roaat- 
ingpyritifemufl  ores,  and  oxtmctinglhe  sulphate  by  lixiviation  (p.  32).  Dr.  Ricliai<d- 
Bon,  of  Newcastle,  expos^es  a  tnixttiro  of  pnlverised  copper  pyrites  and  chloride  of 
Bodium  or  potassium,  occasionully  moistened  with  water  (or  salt-water  may  be  directly 
used)  to  a  tempflraturc  not  lower  than  80°  F. ;  the  copper  is  thereby  converted  into 
chloride,  which  is  Ilxivitited  with  water.  Ammonia  has  tuaobeen  proposed  as  a  aolTent 
for  extracting  oxide  of  copper  from  the  orea. 

The  precipitation  is  Iwst  effected  by  wroucht  iron;  cast  iron  acta  nnore  slowly. 
The  precipitation  is  accelerated  by  agitation,  which  has  the  effect  of  loosening  a  bano 
iron^salt  which  atlht'res  to  the  surface  of  the  metal,  thereby  exposing  a  &eah  Bur&oe. 
The  precipitated  copjwr  {cemenlaiion  copper)  is  then  melted  and  refln^  This  method 
ia  well  adapted  to  tne  treatment  of  the  poorer  oxidised  ores,  like  those  of  Twista  in  tb« 
Waldeck,  especially  where  fuel  is  scarce. 

According  to  Gaulthier  de  Claubry  and  Dechaud,  the  process  may  be  aeceJerated  and 
the  consumption  of  iron  diminished  [?at  the  expense  of  zinc]  by  the  use  of  a  voItiUA 
b*itl«ry,  the  copper  being  likewise  obtained  in  more  coherent  form.  Copper  ia  some- 
times precipitated  from  its  solutions  in  the  metallic  ptate  without  the  use  of  iron,  pro- 
bably because  the  solution  containa  a  cuprous  suit,  whidi  splits  up  into  a  capric  salt 
and  metallic  copper. 

The  precipitation  of  copper  fmm  the  solutions  of  it^  pure  Bfllta  by  electroly  aii^  m 
in  the  electrotj'pe  process,  yields  the  metal  in  ita  state  of  greatest  pnrity. 

For  ftirther  details  on  the  metallurgy  of  copper,  see  Percys  Metallurtftf^  i,  289; 
Ur^M  Dictionary  of  Arts,  Manufactures,  and  Mines,  L  818-  Kirft  Huitenkundt 
iL  158 ;  Regnault*  Covrt  de  Ciimtc,  iii.  281. 

Impvrities  in  Commercial  Copper. 

A  careful  investigation  of  the  nature  and  amount  of  the  motallio  impurities  in 
numerous  varieties  of  commercial  copper,  from  various  sources,  has  lately  been  made 
by  Messrs.  Abel  and  Field  (Chem.  Soc  J.  xiv.  280),  the  general  re.5alta  of  which  an 
B«  follows :  — 

1.  Arsenic  and  tilwr  are  almost  invariable  impurities  in  copper. 

2.  The  occnrrenoe  of  bismuth  in  copper  is  very  generj.1 ;  this  metal  appears,  indeed, 
t«  be  always  present,  excepting  when  carbonates  of  copper  have  been  used  in  the  pro- 
duction of  the  metal,  as  in  the  Auatrikliaa  and  Russian  coppers.  Field  has  abova 
{itnd,  p.  304)  that  bismuth  ia  of  fery  common  occurrence  in  copper  minerals. 

3.  Antimony  ia  not  of  so  frequent  occiurence  in  copper  as  la  genenJly  sappoeed ; 
the  bismuth  existing  in  copper  ha;  doubtless  often  been  mifitaken  for  antimonv,  both 
tbeM  metals  being  precipitated  by  water  from  their  acid  solutions. 

4.  Lead  is  of  very  rare  oeeurrenee  in  cake-copper,  but  appears  to  be  an  alnuwt  in* 
variable  constituent  of  copper  which  has  been  manufactured  into  sheet  or  rod, 

6.  /ran,  which,  like  sulphur,  exists  in  considerable  proportions  in  unrefiiicd  copper,  is 
almost  completely  rt'iuoved  by  the  refining  procoES, 
The  special  results  of  the  investigation  are  given  in  the  following  table :  •^ 
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MetaUic  impuritie$  in  deferent  varietia  of  Copper, 


D«icription  of  Copper. 

SiWer. 

Arsenic 

Anti- 
mony. 

Bis- 
muth. 

Le«l. 

Tla 

Iron. 

Bai  AMD  BunvK  Coma. 

Cbll«,  No.   1  Bar  .       .       . 

.       , 

traces 

0-62 

S  »    . 

\t 

traces 

, 

.       . 

0  71 

«  »     . 

traces 

• 

traces 

0-«5 

4    „     . 

0>I0 

. 

traces 

0^1 

•t                "    «     • 

g 

traces 

traces 

traces 

0^ 

6  .,     • 

R 

traces 

,       , 

traces 

0*46 

7   „     . 

X 

traces 

. 

traces 

0-52 

«  »    . 

■o 

traces 

.       , 

traces 

0-C7 

9    n      . 

t 

traces 

. 

traces 

•■64     1 

10  «     . 

s 

traces 

traces 

traces 

0-62      1 

11    »     . 

1 

traces 

. 

,       , 

0-62 

11  .,     . 

002 

traces 

.       . 

050 

13   „     . 

2 

0*04 

tracM 

. 

.    043 

I*  ,,     . 

8 

0-07 

0-M 

'    Oiil 

IS  ..    . 

5 

.       , 

.       . 

.       . 

. .      • 

0-84 

le  „    . 

J 

0-40 

traces 

baces 

1*64 

17   „     . 

• 

04S 

. 

1*52 

IS  ..    . 

1 

traces 

.       . 

070 

19     M       . 

O-M 

0-ao' 

. 

0-SO 

»   „     . 

.       , 

.       . 

1-20 

«    »     . 

a 

,       . 

traces 

traces 

0^98 

»   ..     . 

■ 

.       . 

traces 

traces 

1-00 

n  ^   . 

£ 

traces 

traces 

1-20 

M    »     * 

1 

1 

traces 

104 

25   „     . 

traces 

traces 

1)2 

n             M   ..     . 

traret 

traces 

ID2 

«    „     . 

traces 

traces 

0-M 

»   ..     . 

a 

om 

traces 

traces 

• 

1-10 

»    ..     - 

,       , 

. 

075 

M      BH*ttfr  Copper 

1 

0-10 

traces 

traces 

O-SS 

MaUacUin  Copper  . 

traces 

traces 

l'3-i 

New  Mexican .       . 

, 

, 

0-42 

Spaniih,  No.  1 

09 

3-31 

'070' 

. 

t 

8-49 

_ 

^     • 

. 

S-15 

0-04 

trace' 

, 

4 

.          . 

1*18 

. 

trace 

, 

B 

i-ao 

trace 

^ 

« 

0-90 

, 

. 

7        . 

0-30 

0-21 

S«edUh,  No.  1        '. 

1 

0-25 

as5 

V20* 

traces 

0-35 
0-St 

a 

II 

, 

traces 

. 

0-20 

Manilla  SUb    . 

l« 

0-65 

0D5 

Buenoe  Ajrre*  SUb. 

0-31 

0-17 

0>10 

,        [ 

Auitrallan  (Sjdoejr) 

=3^ 

. 

. 

.        . 

1-01* 

„         (Sydney)       .       .       . 

-1^ 

• 

• 

• 

0-76 

RimnD  Comu. 

Chile.  (Socl«t«  Italienne)      . 

, 

. 

. 

0^)1 

Chile.  No.  S    .       . 

3    .       .       . 

lll 

0-04    • 
003 

• 

• 

o<a 

Spanish   .... 

sr 

traces 

. 

. 

'o-oe' 

..      No.S.       .       . 

0^ 

. 

. 

Italian,  No.  1 .       .       . 

, 

. 

trace 

_ 

t.       ,       , 

, 

. 

. 

trace' 

Tuscan  Roeette      .       < 

,       , 

. 

trace 

trace 

RuMlan  (CCND.) .       . 

1 

0-11 

:  'f 

minute 
traces 

(   • 

No.l        .       . 

, 

0«) 

Hungarian 

o-se" 

'0-22* 

traces 

trace 

„        Rosette . 

0-06 

0-12 

trace 

Australian  ( Burra  Burn 

0   .' 

. 

0-02 

• 

trace 

„         (Kapunda)  . 
I^ake  Superior 

. 

0^1 

.       . 

trace 

(M7 

0-01 

. 

tr^.e 

Norwegian  (Alten) 

trace 

,         , 

,        . 

trace 

North  American     . 

0-tn 

,         . 

.       , 

trace 

Mo.8  . 

0-06 

. 

. 

trace 

English  l-ile  .       . 

trace 

. 

. 

trace 

traces 

0-07 

traces 

'002 

trace 

English  Best  Select,  No.   1  . 

0-03 

0*03 

. 

005 

trace 

J . 

0-02 

0«4 

.       , 

n-04 

txace 

w                     n                      •  • 

0-09 

001 

. 

0-05 

trace 

«I                        M                          4   • 

0-03 

0-04 

.       . 

0-04 

trace 

S  . 

O-iYl 

012 

0^ 

005 

trace 

C  • 

OHM 

015 

005 

005 

trace 

7  , 

003 

0-14 

0-02 

0"04 

trace 

**               **                8  • 

trace 

0-13 

0-07 

trace 

trace 

9 

trace 

trace 

tract! 

trace 

trace 

"               «               10- 

0-03 

0*14 

0-05 

0^ 

iraee 

:      :      11. 

OOJ 

0-31 

trace 

0-17 

'.      . 

trace 
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Metallic  imfuritie$  in  differmt  varietie»  of  Cbpper— eontiinied. 


Deicrlptian  of  Copper. 

*;lTer. 

An^nic 

Anti-   ' 
oMaf. 

L«4, 

Tlo. 

Iroo. 

Eogliih  Bat  SkleH,  Ko.  II  .       . 

r» 

frl6 

tMtem 

0*11 

•       • 

tmw 

n                           rt                          11   .            . 

«M!i 

0-13 

tne* 

o-u 

<        • 

tnc* 

IS    ■            1 

O-Oii 

0-U 

Irac* 

0-11 

•        • 

tnea 

ii    I            • 

0-06 

aio 

.       , 

0-lt 

,        , 

ttw 

16    1            1 

o-oa 

o-o< 

0H» 

(F»C» 

•        * 

tma 

"                           ,1                          Ifi    ■ 

0  0) 

one 

. 

0^04 

• 

ma 

Smrr  avd  BiitT  Oomn. 

SheM,  Ko.  I    . 

«n» 

tn« 

Inea 

o-»s 

0^17 

,        , 

font* 

*,.... 

O-OS 

9^ 

0-OS 

frra 

0)b 

,        , 

ttac* 

*         a  .      .     ,     ,      . 

DOT 

O-lt 

true 

OiM 

DM 

*        • 

fen» 

_          4 

Cfm 

0-14 

t 

fi-ui 

o-o* 

,        , 

tiw 

:  •;  •: ;  ■: ; 

D-oa 

ffl^JSJ 

,       , 

0-13 

a- aft 

«        « 

tiw 

CrO* 

0-10 

o-oi 

0-11 

0-IS 

■       «  ' 

%xwt» 

008 

0-10 

trace 

010 

D-40 

, 

twaat 

"      1 

frOfi 

(MW 

trtcw 

tTAfe 

O'lS 

•        , 

trmm 

"      » 

Qrua 

0*11 

trtc* 

(KW 

O-M 

,        , 

,       , 

Boa,N«.1 

tr»ce 

O'OT 

, 

0-03 

Oil 

tnw* 

tn» 

.^     i   .    .    .    .    . 

trace 

frOl 

.   1 

otn 

ii-ta 

trw* 

mm 

COIHl. 

Copper  ccfn.  G«ar>it«  HT, 

ly 

0-19 

tncs 

ttmre 

, 

tr«r< 

^•^       „      Cwrp- IV,      .        . 

<M» 

tnG« 

tnM 

tnc« 

tnce 

„         „      Wmmn  IV.     . 

0-M 

tfB«« 

truce 

trwt 

!   New  bronia  ooln     .       .        ■       ■ 

tflCB 

tnee 

:  •) 

not  wtK 
tiMeed 

^tru* 

!itMT)tilt  coin,  Ifsa^i  . 
dilliculfl.iw*       .       .       .       . 

(V90 

trac« 

trwce 

0  03 

tncfl 

tr«eti 

tfwrw 

0-*! 

United  i^M.n  coin,  lilB 

tru« 

tra^s 

bim 

tiAi-ffi 

CIlldM"  cull)    -          .         .          t         p 

irtn 

004 

%rm* 

0-1 1 

Uld  lUhsn  tolit      .        .       .       . 

iive 

.       , 

(rrtce 

frfl 

aie^lrkiii  coin  {ISI  ».  C.) 

. 

(rutf 

, 

tnn 

Dtlich  olri      ..... 

*        t 

tTBW 

O'lT 

^ 

Coiiper  ruUcd  tnt4  thin  ribtMm      . 

< 

• 
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Physical  Properties  of  Metallic  Copper. 

Native  copper  forms  ctyitala  belonginff  to  the  regnlar  syatem,  yiz.  cubes,  octcthedrom, 
rhombic  dodecahedrons,  and  intermediate  forms.  Similar  forms  an  exhibited  by 
copper  crystallised  from  fusion.  When  a  dilute  solution  of  copper  is  left  for  some  time 
iu  contact  with  wood,  the  cofmer  is  sometimes  deposited  fiom  the  liquid  in  eubea^ 
octahedrons,  and  long  four-tddea  prisms  (elongated  cubes),  acuminated  with  four  octa- 
hedral faces  resting  on  the  edges  (Wagner,  Schw.  J.  zlrii.  326).  Tn  nthrr  cumm, 
wood  precipitates  copper  in  thin  ductile  plates,  with  warty  surfaces. 

Copper  in  the  massive  state  is  reiy  hard  and  elastic,  and  strongly  sonoioua.  It 
has  considerable  toughness,  and  may  be  beaten  out  into  rery  thin  leayee,  snd  drawn 
out  into  very  fine  wire.  It  is  hardened  by  hammering  or  wire-drawing  but  may  be 
softened  or  annealed  by  heating  it  to  redness,  and  either  leaving  it  to  cool  alowly,  or 
plunging  it  into  cold  water.  Its  fracture  is  red,  shining,  indented,  and  slightly  gra- 
nular ;  ^er  hammering,  it  exhibits  a  fibrous  fracture,  with  a  light-red,  silky  ramance. 
The  ^Hter  the  purity  of  the  copper,  the  greater  is  its  malleability,  and  generally 
speaking  its  softness,  and  the  less  heat  is  required  to  deprive  it  of  the  brittleaess 
product  by  heating.  Copper  contaminated  with  other  metals  exhibits,  not  an  in- 
dented, but  a  scaly,  granular  fracture,  with  but  little  lustre,  and  after  hammering  a 
Bcalj,  dingy  red  fracture,  also  with  feeble  lustre.  (For  the  Tenacify  of  copper,  sea 
Cohesion,  i.  1076.) 

The  specific  ffravity  of  copper  free  from  internal  cavities  varies  from  about  Si)!  to  8'96L 
According  to  Marchand  and  Scheerer  (J.  pr.  Ghem.xxvii.  193X  thatof  cmtallised 
native  copper  is  8-94 ;  of  electrotype  copper,  8-914 ;  of  pure  coppCT  after  ftiaion  under 
a  layer  of  common  salt,  8-921 ;  of  unignited  copper  wire,  from  8*939  to  8'949 ;  of  ignited 
wire,  8*930  ;  of  fiattened  wire,  8-951 ;  of  copper  plate  formed  by  rolling  and  afterwards 
hammered,  8-962.  Copper  when  cooled  from  fusion  in  contact  with  the  air  is  very  apt  to 
assume  a  vesicular  structure,  by  which  its  density  is  greatly  diminished.  This  ve*iculM 
structure  was  formerly  attributed  to  a  cause  similar  to  that  of  the  "  spitting  "  of  silver, 
the  copper  being  supposed  to  absorb  oxygen  while  in  the  melted  state,  and  to  give  it  oo 
again  in  cooling ;  but  it  has  been  shown  by  Dick  (FhiL  Mag.  [4]  xL  409),  and  recently 
more  completely  demonstrated  by  Matthiessen  and  Russell  (Jbia.  Feb.  1862), 
that  the  vesicular  structure  is  produced  only  when  the  copper  is  melted  under  char- 
coal, and  air  or  oxygen  gas  likewise  has  access  to  it,— and  that  the  ^ect  is  due  to  tlis 
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fonnation  of  cnproiu  oxide,  and  its  ButMpqnent  rcdoctioo  by  the  chiuvoHl,  whereby  car* 
bonic  oxid«  la  produced,  aiid^  «ode«Toaniig  to  caeape  aa  the  iuelt«d  meUl  is  about  to 
Bolidi/y.  forma  caritiea  within  it,  and  aometiraea  throws  up  the  surface  io  Testations. 
Copper,  fused  with  fett  acoeea  of  air  and  then  cant  in  an  atmoapbcre  of  coal  gaa, 
esnibifod  the  aame  eavcmous  structure,  the  specific:  grarity  of  two  portions  thus  cast 
Iwing  only  8-92fl  and  6-438,  whereas  two  portions  of  the  same  fused  metal  cast  in  air 
had  the  apecific  gravities  8  618  and  8*666.  A«ain,  copper  fuaed  and  left  to  oool  onder 
charcoal  bad  aapecific  gravity  of  S'0d2;  the  same  ea«t  in  coal-gas,  8*929,  whereaa  another 
portion  of  the  same  cast  in  air  had  a  speeific  gravity  of  ouly  6'193> 

Sulphur  acta  in  the  saraa  munoer  as  charcoaL  The  density  of  vesicnlar  copper  is 
greatly  increased  by  hammering,  but  that  of  nrnper  not  posaeasing  the  vesicular  atnie- 
ture  ia  bat  little  inere— ed  eTea  bj  jvry  powonu  preanire.  Marchiind  and  8cbe«rer 
found  that  the  denvity  of  copper  foaed  nndair  oommoa  aalt  was  increased  by  a  pr«aaure  of 
3tK),0{>0lb&  only  from  8*921  to  8*930. 

The  cubieal  trpansion  of  copper  by  heat  for  1*  C.  ia  0*000051  (the  volume  at  O*  0. 
being  taken  aa  unity),  hence  Xhe  Imear  apanaum  is  0*000017  (H.  Kopp,  Ann.  Ch. 
Pbarm.  IxxxL  1);  according  to  Traoghton,  it  is  O-OU0UI9188. 

Bmcific  heat  »  0*09615.  between  O**  and  lOOOC.  (Re^naalt.) 

dopper  melts  more  easily  than  gold,  less  easily  than  silver.  According  to  Pooillet, 
therefore,  its  melting  point  is  between  1000°  and  1200°  C.  ;  according  to  Ouyton- 
Morreau,  it  ia  1207°  C.  (2204°  F.);  aocoiding  to  Daniell,  1398°  C.  (2638° F,).  All  theae 
detcrmiostions  of  voiy  high  temperutiirea  are  liable  to  great  uncertainty.  It  expands 
on  solidifying.  Copper  containing  re<l  oxide  melts  at  a  lower  temperature  than  pure 
copp<^r,  but  does  not  form  so  tliio  a  liquid  .*  it  likewise  aolidiflea  more  slowly.  If  the 
proportion  of  oxide  ia  larger,  the  mass  doea  not  expand  in  solidifying.  The  expansion 
IS  also  prevented  by  an  admixtare  of  0*1  per  conL  of  potassium,  zinc,  or  leaiL  Copper 
rontiuning  citrboB  behaves  in  the  fuaed  atate  like  pure  copper. 

E/tctrit  CtmtIuetimtV'—^o\}peTvo%aeMea  greatpowerof  conductiagheat  and  t"li»ctricity, 
standing  in  this  reepect  next  to  auver.  Ita  electric  conductivity  has  boon  studied  with 
great  care  by  Matthieasen  and  Holamann  (PhiL  Trans.  1S60,  pt.  i. ;  see  alao 
Jiatthiessen,  Proc.  Roy.  8oc.  xL  126),  who  have  examined  porticuliirly  the  effbot 
produced  upon  it  by  the  presence  of  foreign  snbatancea,  a  subject  of  groat  importance 
with  n.>fL»rfnce  to  the  uae  of  copper  wirea  for  electro-telegraphy.  Thcrc^ult3  are  given 
in  the  fuUowing  table : 

Eltciro-eondaciivitt/  of  Copper,  that  of  a  httri-drawH  Silver  wire  being  -  lOO. 

WIm  hard  How 

(Iravn.  prepari^. 

1.  Pun?  copper    Protoxide  reduced  by  hydrogen 

2.  M  Electrotype  copper  not  melt^ 

3.  ^  „  commercial     „  .        . 

4.  „  No.  3.  AAer  fiuion  in  hydrogen 
6.  „  No.  3.  Hydrogen    passed  tim>iigh  the) 

metal  while  meltid      .        .        .       { 

Xewof  the  twelve  dcterminationa  from  which  the) 

preeedii^  noaiben  warn  deduced  .        .        .       ) 


Conductlag 

Ten  para* 

powpr. 

titni.  C 

93  00 
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93*46 
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0302 

,.         184 

92*76 
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176 
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, 
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193 

and 
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. 

. 

- 
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197 
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conducting 

power 

was 

found  (o  be  increased 

•boot  2  per  c«nt.  by  annealing  the  wirea. 

6. 

Copper 
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2*50  per  eenL  of  phosphorus 

7*24       „ 

17-5 
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0-18 

„ 

„ 
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n 

fi 
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It. 

II 

II 

2*80 

11 

II 
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fi 

,, 

traces 

II 

•t 

67-80       , 
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13. 
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aino 
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10*3 

U. 

If 

II 

160 
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II 
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15-8 
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•1 

8606 
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26-96 
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II 
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powvr.  tare  C. 

22.  Coi^wr  alloyed  with  1-22  per  cent  of  axlTer  .       .    86*91      at         SO-7 

23.  „  „  3-50  „  |old  .  .  65-36  „  18  1 
24  \^'^^  »»  antimony)  -.  -  ,^^ 
^*-  »♦  •»  jO-29  „  l««d  j  •  •  °**  »•  **^ 
25.  ElectrolTpe  copper,  from  a  denae  ingot  melted  under)  Q..n  ,ah> 

chaicoal  and  caat  in  coal  ga«  (iL  39)         .        .      J  "^  *  »  "^ 

2B.  Electrotype  copper  from  a  poroaa  ingot  of  the  same)  g.~  - -^ 

copper  melted  in  the  ordinaiy  way   .        .        .       |  •»  *' 

27.  Electrotype  copper  cemented  with  charcoal  and  con-)  .q.^  .«^. 

taining  silicon  and  traces  of  phosphoroB  andiron,    j  "^'*  »♦  **'^ 

Ditta                          ditto.        .        .        .  63-2  „  14-2 

These  results  show  that  the  electric  eondnctiTity  of  copper  is  reiy  greatly  impaired 
even  by  small  quantities  of  foreign  substances.  The  conducting  power  of  peocfoctlty 
pure  copper  is  estimated  by  Mattniessen  as  «  96-4  at  13°  C 

The  following  table  exhibits  the  conducting  power  of  various  kinds  of  oommerdal 
copper  as  compared  with  that  of  pure  unmeltod  electrot^  copper,  whiclii  is  taken  as 
the  standard,  and  as  equal  to  100  at  15-5<>  a 

'Wire*  Conductiot        TempOTatare 

annealed.  power.  C. 

1.  Spanish  (Rio  tinto),  containing  2  per  cent^ 

arsenic,  besides  traces  of  lead,  iron,  nickel,  >  14*24      at       14*8^ 
red  oxide,  &c ) 

2.  Russian,  (Demidoff'smake),  containing  traces^ 

of  arsenic,  iron,  nickel,  i«d  oxide  of  copper,  >  69-34       „       12'7 

&&     .        .        .        .        .        .        .     ; 

8.        Tough-cake  (make  not  specified),  coutamingk 

traces  of  lead,  nickel,  antimony,  red  oxide  >  7 1*03       „       17*8 

of  copper,  &C. ) 

4.        Best  selected  (make  not  specified),  containing^ 

tracesof  iron,  nickel,  antimony,  red  oxide  >  81*86       „       14*3 

of  copper,  &a      .....     ) 
6.        Austrahan,  Burra  Burra.     Traces  of  iron  and )  -- .--  .  .  . 

red  oxide  of  copper  only  were  found    .     \  "         **" 

6.        American,  Lake  Superior,  containing  traces  ^ 

of  iron  and  red  oxide  of  copper,  and  0*03  C  92*67       „       16*0 

per  cent,  silver.  .        .        .        .     ) 

Finely  divided  copper. — Copper  may  be  obtained  in  this  state :  1.  By  reducing  the 
carbonate  at  a  very  gentle  heat  in  an  atmosphere  of  hydrogpo  (Osann.  Pogg.  Ann, 
UL  406).  2.  By  boiling  a  concentrated  solution  of  sulphate  of  copper  not  containing 
free  add,  with  distilled  zinc.  As  soon  as  the  liquid  loses  its  colour,  which  it  doea  in 
a  short  time,  the  zinc  is  removed,  and  the  copper  powder  well  boiled  'with  dilute 
sulphuric  acid,  then  washed  uninterruptedly  with  water,  pressed  between  bibulous 
paper,  and  dried  at  76°  C,  or  in  a  warm  retort  through  the  tubulure  of  which  a  stream 
of  hydrogen  is  passed  (Bottger,  Ann.  Ch.  Pharm.  Tg-riT  172).  3.  By  igniting  a 
mixture  of  6  pta.  cuprous  chloride  and  6  dry  carbonate  of  sodium  with  sal-ammomiac, 
and  afterwaros  exhausting  with  water.  (Wo  hler  and  Liebig,  P<^.  Ann.  T»i  683). 
Copper  thus  prepared  is  a  soft,  dark-red,  dull  looldng  powder,  whi^  eaaily  acquires 
the  ordinary  lustre  of  the  metad.  by  pressure,  and  if  pressed  together  while  red-hot 
welds  together  into  a  compact  mass. 

Chemical  properties  of  Copptr. 

Copper  has  much  lees  affinitv  for  oxygen  than  iron,  and  decomposes  water  only  at  a 
bright  red  heat  and  to  a  small  extent  In  dry  air  it  remains  uialtered  at  ormnaxT 
temperatures,  but  oxidises  rapidly  at  a  red  heat.  In  damp  air  it  acquires  a  greeo 
coating  of  basic  carbonate,  and  its  oxidation  is  remarkably  promoted  by  the  presence 
of  acids.  The  weaker  acids,  such  as  acetic  acid,  have  no  effect  on  copper,  unless 
assisted  by  the  oj^gen  of  the  air,  when  the  copper  r«>idly  combines  with  the  oxygen 
and  a  salt  of  the  acid  is  formed  (see  Acbta.tbs  of  Coffbb,  i  14).  Copper  does  not 
dissolve  in  cold  hydrochloric  acid  ;  but  when  boiled  with  that  acid,  especially  in  ths 
finely  divided  state,  it  displaces  hydrogen,  and  slowly  dissolves  as  hemichloride  CuK!L 
(To^el,  Schw.  J.  xxxiL  301;  Odling,  Chem.  Soc.  Qu.  J.  ix.  291.) 

Ntirie  acid  of  ordinary  strength  acts  violently  on  ooppo;  wiUi  oopiooa  evolution  of 
■itrie  oxide  and  formation  of  cupric  nitrate : 

8H»0»  +   Cu»  «  3Cu-(N0»)»  +   4H»0  +   N»0». 
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V  ith.  carbon  and  with  nitrogen 


But  £i*  ttrongnl  nitrie  aeid  (specific  gravity  I  52)  does  not  Mt  on  copper,  the  metal 
viicn  iniiDcmed  in  it  remaining  bright  and  quiescent ;  ptobablj  tho  nctioo  begins  in 
the  manner  judt  described,  and  an  extremely  thin  film  of  nitrate  is  formed  on  ths 
anrfooa  of  the  metal,  which  being  insolable  in  the  etrons  acid,  stops  the  ftirthor  action. 
The  same  ^ateivt  state  is  exhibited  by  other  metds  when  immersed  in  strong  nitnc 
acid,  especially  by  iron  (y.  v.)  On  diluting  the  acid  with  water,  a  violent  action  Is 
instantly  set  np. 

Xitro-muriatie  aeid  diasolvea  copper  with  facility,  forming  cuprie  chloride.  Copper 
is  not  attacked  by  dUute  aulpkuric  acid,  or  even  by  strong  tiUphuric  aeid  at  common 
temperaturea,  but  on  applying  heat,  aolphuroos  anhydride  ia  evolved  and  snlpUato  of 
copper  ia  produced : 

2H»SO«  +  Cn  -  80'  +2H»0     +   Cu"SO«. 
This  at  least  is  the  principal  reaction  which  takes  place ;  but  a  portion  of  the  Bulphmio 
acid  suflirs  more  complete  decomposition,  soJplmr  bebg  depo8it«d,  part,  of  which 
remtina  in  the  firee  state,  while  the  rest  unites  with  the  copper  as  sulp^ida. 

Copper  likewisa  oxiduiea  in  alkaline  and  in  »cdim  solutions  exposed  to  the  air.  In  a 
dilute  solution  ol  ammonia  exposed  to  the  air,  it  ia  converted  into  cuproos  oxide  and 
dissolves. 

Copper  in  the  state  of  foil  or  filings  takes  fire  in  chlorinf  got  at  ordiimry  temperatures. 
At  A  red  heat,  it  unites  directly  with  bromine,  ifdine,  tulphur,  ffltmum,  si/icium,  and 
aU  the  met«U8 ;  wiUi  «»*nrt«fy  at  ordinary  temperiiturei.  Witl 
it  doea  not  appear  to  unite  diieeUy,  even  at  a  red  heat. 

Compounds  of  Copper. 

Otjpper  is  diatomic  and  forms  two  classes  uf  compounds,  viz.  the  Cuprie  compounds^ 
oontaiuiDg  1  at.  cupper  with  2  at.  of  a  munatomic  or  1  at.  of  a  diatomic  radicle;  e,ff. 
Cu"Cl*,  (  u"(NO*)',  Cu"'0,  Cu"SO* ;  and  tho  Cuprous  coynmmndt,  containing  2  atoms  of 
cjppor  unifi»tl  so  a»  to  form  a  bivalent  group,  (Cu  — Cu)  ,  and  2  at.  of  a  monatomic  or 
1  at^  of  n  di;itomic  radicle,  e.ff.  (Cu')"Ci',  (Cu')"0,  &c.  In  these  last  compounds  the 
double  atom  of  copper  is  sometimes  represented  by  the  symbol  Ccu  and  called 
Cuprosum,  the  single  atom,  Cu,  being  called  Cupricum.  There  are  also  a  few  com 
piiunds  coriLiining  cup^wr  united  with  elixtro-nct^tive  radicles  in  other  proportions 
#^.  a  nitride,  Cu'N*. 

COPVZS,  AXXOT8  or.  Copper  unites  easily  with  most  other  metals.  Many 
of  the  alloys  were  formerly  iitated  to  be  chemical  componndu  formed  in  atomic  pro- 
portions, but  it  is  most  probable  that  all  of  them  (excepting  tljosc  of  copper  snd  arsenic, 
which  element  occupies  an  intermediate  place  between  metals  and  metalloids)  att, 
mon^ly  homogeneous  mixtures. 

Tho  presence  of  small  quantities  of  foreign  metalj,  as  arsenic,  bismuth,  zinc,  iron,  &c^ 
in  copper,  produces  considerabU?  modiilcation  of  its  physical  properties,  for  the  most 
port  impairing  its  malleability,  tenacity,  power  of  conducting  beat  and  electricity,  &c 

1.  W  ith  Alumlnlttm.     (See  i.  165). 

2.  With  Aotlmony.  An  alloy  obtained  by  fusing  the  metals  together  in  equal 
quantities  is  of  a  piilo  violet  colour,  very  brittle,  and  of  laminar  structure.  Accord- 
iuR  to  Karsten,  copner  alloyed  with  0-15  per  cent,  antimony  is  brittle  when  cold,  and 
Very  brittle  at  a  rea  heat. 

3.  With  Aracnle.  An  arsenide  of  copper,  Cu'Asi'.ocCTtn  native,  ns  D-ynvt.'kitf,  in 
the  copper  mines  of  Cx|uimbio  and  Copiapo  in  Chili,  and  in  lome  Cornish  mines,  in 
reniform  and  botryoidal  shapea.  also  massive  and  disseminated.  Hardness,  3  to  8*5 ; 
lustre,  metallic  ;  colour,  tin-white,  with  slightly  yellowish  or  iridiscent  tamiifh  ;  frac- 
ture, uneven.  Sp'^ciraenR  from  Chile,  analvaed  by  Domevko,  gave:  1.  From  Caliibaio, 
28-36  per  cent  As,  Jind  71*64  Co.  2.  From  Copiapo,  23  29  An,  70-70  Co,  0-5'2  Ke.  and 
S-87  S- 98-28.  The  formuhi  Cu*A«»  require*  283  As.  and  7  17  Cu.  The  Clornish 
mineral  Condurrit<-  {q.  v.)  appears  to  be  a  mixture  of  Domeykite  with  red  copper 
ore,  azsenioos  acid,  and  arsenate  of  copper. 

Alloys  of  copper  and  orwnic  may  be  formed  by  melting  the  two  metals  together,  in 
which  case,  however,  there  is  confriderable  loss  of  anemc  by  volatilisation  ;  —  or  by 
beating  copper  with  arsam'ous  acid  and  charcoal,  or  other  carbonaceou*  matter;  or  by 
heating  an  anienite  or  arsenate  of  copper  with  chareoaL  The  alloy  called  white 
copper,  or  white  tombac,  which  has  nearly  the  compcaition  Cu'Ai>'.  is  obtained 
io  this  manner.  Percy  (Metalfvrfjy,  i.  281)  describes  an  experiment  in  which  an 
intimate  mixture  of  500  grs.  of  copper,  1000  grs,  of  arsenious  acid.  1000  gr«.  of 
carbonate  of  sodium,  and  600  gri  starch,  exposed  to  a  strong  red  heat,  yiel<le<l 
a  hard,  brittle  alloy,  having  a  crystalline  and  dark  bluiah-grey  fracture,  melting 
before  the  blow-pipe  below  a  red  heat,  and  evolving  copiona  arsenical  fumca    It  wus 
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f>und  to  contain  34-2  per  cent,  arsenic,  which  is  mther  more  than  the  fcroount  indi- 
cated liy  tho  foimulji  Cu«As»  (60-2  Cu  +  a3  8  As).  Be  rtliier  ( Traili  dr*  Et*misp«r  U 
voie  iichs,  ii.  410)  de«cribe«  an  alloy  obtained  by  melting  1  pL  of  the  tBtr&rnprie 
BrMuJde.  Cu'As',  with  4  pta.  of  coppor,  »ui  semi-ductile,  reddish  grey,  wilh  a  slightly 
fibroTis  fracture,  and  ausceptiblo  of  a  flno  polish. 

TricHpric  ortmide,  or  IHt-uprornwr,  CVAs*  (analogous  to  NH*,  PH»,  A«H*.  &c.),  is 
produced  by  poaaing  arsenetted  hydrogen  gas  over  dry  chloride  of  copper,  ur  into  a 
BoluUon  of  cupric  sulphate: 

3CuCl«  -f  2AflH»  =  Cu*A»»  +  SHCl. 

It  is  a  black  substance.     (Kane,  Fogg.  Ann.  xliv.  ill.) 

Copper  alloyed  with  0-15  per  cent,  arsenic,  becomes  somewhat  brittle  when  eold, 
and  very  brittle  at  a  red  beat. 

The  amenides  of  copper,  fused  with  nitre  in  proper  proportion,  yield  anenata  of 
potaraiuiQ  and  metallic  copper  free  from  urnenic.  Heated  with  oxide  or  arsenate  of 
copper,  they  pTe  off  arspuious  oxide,  and  yield  metallic  copper.  A  mixture  of  10  pU. 
Cn*A«*  and  6  pta.  CuO  j-ielde,  when  heated,  10*9  pts.  copper ;  and  a  mixture  of  10  pta. 
Cu*As'  with  6  pts.  di-cupric  arsenate  Cu*As*0'  yielda  about  0'2  pta,  copper,  suppoaiog 
the  operation  to  be  performed  in  perfectly  closed  vessels.  "When  the  fusion  is  effected 
in  an  open  crucible,  part  of  the  arsenic  is  roasted  by  atmo«pheric  oxidation,  and 
oxide  or  araenate  of  coppe r  is  required  to  render  the  motal  pure.     (Berthier.) 

4.  With  aiaaaMi.tlu  The  two  metals  unite  at  a  temperature  below  the  xn< 
point  of  copper.  An  aEoj  of  1  pt.  copper  and  2  pte.  bismuth  begins  to  espasd 
considerable  time  after  solidification  (Marx,  8chw,  J.  Iviii.  470).  Copper  alloyed  wi 
email  quantities  of  bismuth  remains  ductile  at  mean  temperatures,  but  when  hammered 
becomes  so  hard  and  brittle  aa  lo  require  a  second  ignition,  and  if  the  quantitj  of 
bismuth  excewlg  06  per  cent.,  the  alloy  cracks  on  the  edges  when  hammered  at  a  red 
heat  (Karstcu).     Bisrauth  is  a  frequent  imparity  in  metallic  copper  (p.  36). 

6,  With  Cadmlnm.  An  alloy  coutainin^  64 "29  pta  copper  and  4o-7l  cadmiom 
has  a  light  yellowish  white  colour,  a  fine-grained  «caly  8tra<^ure,  and  is  reiy  brittle. 
The  cadmium  Tolatilises  completely  when  the  alloy  is  heated  to  the  melting  point 
of  copper.    Even  a  snuill  quantity  of  cudndam  rendcov  copper  brittle.     (Stromeyer.) 

tf.  With  Oold.    (See  Gold.) 

7,  With  Zridtiim*     (See  iKmiux.) 

8.  With  Iron.  CombinatioD  between  copper  and  iron  talces  place  with  difficulty.— 
100  pta.  of  copper  may  be  made  to  unite  by  fusion  with  any  quantity  of  bar-iiwn  from 

1  pt.  to  100  and  upwards.  The  intensity  of  tho  copper  colour  increases  till  the  quaati- 
tie»  of  the  two  metals  become  equal ;  but  the  more  the  quantity  of  the  iron  exceeds  that 
of  the  copper,  the  paler  does  the  alloy  become  on  the  fractured  surface.     The  alloy  of 

2  pts.  copper  to  1  pt.  iron  has  the  grt^ateet  tenacity ;  if  the  proportion  of  iron  be  in* 
creased,  the  hardness  increases  but  the  tenacity  diminishes,  and  the  fracture  then  b^ 
comes  laminar.  From  ores  containing  the  sulphides  of  iron  and  coppor,  the  followiag 
alloys  containing  different  proportions  of  the  two  metals  may  be  prepnred.  One  olloj 
of  this  kind  was  copper-red  ou  the  outer  surface,  had  a  pale  uniform  fracture,  and  was 
magnetic.  Another  exhibited  externally  a  oopper>red  colour  inclining  to  grey,  had  a 
deep  copper-coloured  and  lamiaated  fracture,  was  magnetic,  and  interspersed  with 
li^olated  gmnulse  of  copper  and  a  few  granules  of  iron.  A  third  was  iron-coloored, 
hard,  had  a  laminar  friictare,  was  strongly  magnetic,  and  exhibited  isolated  grantales 
of  topper  and  numerous  granules  of  iron.  (Muahet*  Phil.  May;.  [3]  vi  81.) — Ae- 
crtnUtijf  to  fonner  statements,  the  alloy  of  copper  and  iron  is  grey,  slightly  extensible, 
more  difficult  to  fuse  than  copper,  and  magnetic  eren  when  it  contiiina  only  A  pt.  of 
iron.  The  hrittloness  of  iron  at  a  red  heat  appears  sometimes  to  proceed  firom  admixture 
of  copper. 

Carbtin  interferes  with  the  combination  of  iron  and  copper.  Copper  impairs  the 
quality  of  stoel;  and  in  the  proportion  of  2  per  cent  renaen  it  brittle^  (See  Ibom, 
Cahburet  of.) 

9.  With  X>ead.  Tlie  two  metals  fuse  together  at  a  strong  red  heat,  hut  the  mixture, 
unless  cooled  very  rapidly,  separates  into  two  alloys,  the  lower  consisting  of  cupriferous 
lead,  the  upper  of  pinmbiforous  coiiper.  By  rapid  cooling,  an  appiirently  homogenwos 
mixture  may  be  obtained,  but  on  heating  it  again,  the  compound  containing  the  larger 
proportion  of  lead  fiisea  out,  while  that  which  contains  the  larger  proportion  of  copper 
reniiiins ;  this  is  the  principle  of  the  eliquation  process  (p.  32^ 

Small  quantities  of  lead  diminish  the  ductility  of  copper,  both  at  common  tempera- 
tnres  and  at  a  red  heat.  Copper  containing  O'l  percent,  lead  may  bensed  for  ordinary 
jdurpoHOs,  but  cannot  be  formed  into  thin  leaves  or  wires;  that  which  eontain.^  0-3  per 
on  I.  lead  works  Ivetter  cold  than  hot,  as  in  the  lattef  ease  it  oacIcB  immediately  at  the 
cdycs.    ^KaraloiL) 
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I>Ad  raten  into  the  compoaitioo  of  nuny  an<dent  bronzes,  somotunos  in  U^S*  P*^*^ 
portion  :  aw  Table*  B  and  JJ,  pp.  45,  60. 

10.  With  Mancaaase.  R«dduih  white,  very  roallesblo,  acqairea  a  green  tamiab 
by  exprwTire  to  th«  air. 

1 1.  With  M«ronry.    See  MsRcmiT. 

12.  With  BKolybdenonti  Palo,  copper-coloured  alloy;  malleable  if  the  molyl)* 
denum  is  not  in  t'xcess. 

13.  With  iriekeL  The  alloys  are  very  extensible,  and  incline  to  white  in  propor- 
tion to  the  quantity  of  nickel :  10  pta.  copper  with  1  pt  nickel  form  a  pale  copper-red 
alloy,  perfectly  dnctile;  10  pta.  copper  to  2  nickel  reddish  white  ;  lOcopper  t<v3  nickel, 
almosit  white ;  10  copper  to  4  nickel  perfectly  white,  exhibiting  on  the  touchatone  the 
whit<ncM  of  silver.     (Frick.  Schw.  ilviii.  IH.) 

Old  tliiga  from  diauaed  mine*  at  SuW  contain  white  pranules  uf  metal,  which  aia 
extracted  and  fold  aa  Soliliaa  nidiel  silver  (Huhhr  Wftun-Kujtf.r),  According  to 
Brandes,  Schw.  J.  xxxix.  17),  thia  aUoy  contoinK  88  per  c<>nt  copper,  8  7fi  nickel, 
0*76  anlphor  and  antimony,  and  l'7fi  iron,  silicon,  and  aluminium. 

For  the  alloys  of  copper,  nickel,  and  n'nc,  see  p.  61. 

U.  With  VUtlaom  and  the  allied  metals.    (See  those  metal&) 

16.  Witii  rotaaslam.  According  to  Semllas,  copper  heated  to  redneM  with 
cream  of  tartar  does  not  become  alloyed  with  pottuwium.  According  to  Korst^n,  copper 
thus  treated  takea  ap  a  quantity  of  potasaiom  not  exceeding  0-13  per  cent,  and  is  thereby 
rendered  somewhat  lesB  ductQe  when  hot 

16.  With  BUwer.     See  SttVMi. 

17.  With  Tin.  The  alloys  of  tin  and  copper  are  of  great  importance,  constitnKng 
bn^nze,  guu-motal.  and  bell-metaL  The  foUowing  det^Is  are  taken  firom  Gmeiin's 
HonJ/^^Jc  (T.  481X 

The  annfl  of  the  ancients  were  sometimes  made  of  bronze,  an  alloy  formed  of  a 
liiryo  quantity  of  copper  with  a  little  tin.  It  is  obtained  by  fusing  the  two  metala 
t'j(:ether,  generally  in  a  n^rerberatory  fiirnnce ;  if  the  mixture  is  not  stirred,  t»'o  dis- 
tinct strata  are  apt  to  form,  contuiuin;;  very  diffWreat  proportions  of  the  constituent 
metals.  The  combination  of  the  metals  In  equal  p^irts  takes  place  without  evolution  of 
light  and  heat.     (G  e  b  1  e  n.) 

Tamlm  a. — Propertia  of  AUoyt  of  Copper  and  Tin,  according  to  Mallet  (Diogl. 
polyL  J.  Ixxxr.  378). 
1  at,  copper  —  31'8,  and  I  at  tin  —  68  9. 
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In  this  table,  n  under  Colour,  denotes  red.  y.  yellow,  ^r,  grey.  Under  Fracturr, 
/.  or.  denotes  fine-gmined,  c.  conchoi'dal,  v.  ntreons,  lam.  laminar.  Th«  nnmbeo* 
Duder  Tmacity,  denote  the  weight  in  tons  rratiired  to  brook  a  rod  whoee  trana- 
Teme  section  meAsurcs  a  square  inch.  The  malleability  was  detcrmiuL^  at  60°  F. 
(15-6C.)  Under //'/rifZn'M  and  Fiuifjiltttf,  the  number  1  denot**8  the  miuimum.  o,  4^ 
and  0  are  gnn-metai ;  d,  is  hard  bms*  for  pin-makei« ;  e  to  i  are  bf'll-njetal ;  k  and  /, 
boll-metal  for  small  bells ;  «,  n,  and  o,  speonlom-metaL     (Mallet) 

•  TlM  '*  atomi "  in  lh{*  column  and  Id  thp  mrrvspsBdlnt  eolumn  of  TiibU  C  (p.  AT)  must  b«  umler. 
•tooil  ikt  xMtc[j  todlcAtliiiic  (>roi>ortknii ;  the  slices  ars  DetoeSalte  compound*. 
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«.  Copper,  alloyed  with  a  very  small  quantity  of  tin,  bpcomM  bo  hard  and  brittle 
when  hainmerod  cold,  that  it  re4^uin«  to  be  again  heated  to  fall  redneas.    (K  arsten.) 

b.  32  pt8.  copper  to  1  tin :  resuts  the  aolvent  action  of  h3'drocb]onc  acid  much  more 
completely  than  pore  copper,  and  is  therefore  adapted  for  the  aheatliing  of  ahipc 
(Mushet,  PhU-  Mag.  [3]  vi.  444.) 

a,  ID  pta.  copper  to  1  tin :  golden  yellow,  hard,  malleable. 

d.  Fmrtt  8  to  11  pts.  copper  to  I  tin  :  yellow  and  slightly  mallealile;  Guti'VuiaK 
The  be*t  proportion  appears  to  bo  9  t>t«.  copper  to  1  tin.  The  alloy  of  11  pts.  copp*T 
to  1  tin  appears  uniform  after  Kuddrn  cooling,  to  the  uniissisted  eight;  but  when 
examined  with  a  lens,  it  app>ciirs  to  be  composed  of  striated  faces  of  a  reddish  alloy 
mixed  with  a  white  ono.  If  it  be  still  more  rapidly  solidified  by  ponring  it  into  thick 
iron  mottlda,  an  jUJot  ia  obtained  which  appears  perfectly  aniforoi,  even  nnd^r  the  lens. 
When  qaickly  cooled  in  water  after  continued  strong  ignition,  it  remains  oniforni ;  but 
if  suffered  to  cool  slowly  after  continued  ignition,  it  becomes  variable  in  composition, 
like  that  which  has  been  slowly  cooled  aft«r  fusion^  Hence  the  alloy  which  i»  uniform 
at  the  melting  beat,  and  likewise  at  a  strong  red  heat,  separates  into  two  dilferent 
alloys  when  slowly  cooled.  The  latge  maas  of  a  cannon  cannot  b«  cooled,  even  by 
moulds  which  conduct  beat  well,  suddenly  enough  to  prevent  the  formation  of  two 
distinct  alloys,  the  one  that  is  richer  in  ropper  solidifjiiip  first,  while  th:it  which  is 
richer  in  tin,  cout-aining  82"3  per  cent  copier  to  177  tin,  partly  riaes  to  the  top,  and 
partly  sinks  into  the  mould.     (Karat en,  Schw.  J.  liv.  387.1 

r.  6-25  pta.  copper  to  1  tin :  the  densest  of  all  the  alloys;  its  speciflc  gravity  is  8-87- 
(Briehc.) 

/.  From  4  to  5  pts.  copper  to  1  tin  :  Bell-meial.  Yellowiah-grey,  and.  when  Terr 
slowly  cooled  from  a  red  heat,  very  hard,  difficult  to  filft,  aonorons,  brittle,  exhibiting 
a  fine-grained  fhicture.  When  heated  to  rediie«8,  and  then  auddenly  cooled  by  im- 
meraion  in  water,  it  becomes  soft,  and  easy  to  file  and  turn,  but  may  be  harde-ne<1 
again  by  ignition  and  slow  cooling.  The  Chinese  cymbals  called  Gong-<ff/n*ja  are  made 
of  this  alloy  (D'Arcet,  Gilb.  Ann.  Ivi  104  ;  further  Ann,  Ch.  Phys.  Uv.  331).  Bell- 
metal  Iwcomfts  malleable  at  a  temperature  not  far  below  redness  (Wollaston,  Gilh, 
Ann.  Ivi.  106). — An  alloy  of  4  pts.  copper  and  I  tin  fused,  and  then  very  slowly  cooled, 
exhibits  a  striated  surface,  a  dingy  white  close  fracttire,  and  is  very  brittle.  When 
p^nired  out  into  cold  iron  moulds,  it  exhibits  the  same  properties;  but  if  inunersed  in 
cold  water,  after  being  kept  for  some  time  at  a  low  red  heat,  it  becomea  yellowiab- 
vrliitc  and  extensible.  During  the  ignition,  if  somewhat  too  strong,  white  globtilea  of 
an  alloy  richer  in  tin  are  seen  to  ooze  out,  but  at  a  higher  temperature,  when  the 
whole  mass  becomes  liquid,  they  disappear.  Hence  the  alloy  appears  to  be  resolved  at  a 
temperalure  below  its  melting  point,  into  two  other  compounds,  wliich,  on  slow  cooling, 
reunite  and  form  a  brittle  alloy,  but  remain  separated  if  the  cooling  be  more  sadden. 

(?.  3  pts.  copper  to  1  tin:  reddish- white ;  voiy  brittle;  speciflc  gravity  8-879 
(Chattdet).     With  a  small  quantity  of  arsenic  it  forms  a  fpenditm-metcl.     (Little.) 

A.  2  pts.  copper  to  1  tin :  steel -grey,  very  hard.  Remains  uniform,  even  zfter  slow 
cooling  from  a  state  of  fbsion  (Karsten). — 2  pta.  copper,  1  tin,  and  -j^  arsenic,  form 
a  gpeculitm-meUU ;  so  likewise  do  62  pts.  copper,  33  tin,  2'6  arsenic,  and  8  brass. 
(Little.) 

i.  1  pt  copper  to  1  tan  :  bluisb-whitei,  like  sine ;  slightly  malleable,  not  very  bard ; 
specific  gran^  8*468  (Chaudet),  8'79(Briche).  Bemains  uniform  ofWr  slow  as  well 
as  after  sudden  cool  ing.     (Karsten.) 

k.  1  pt.  copper  to  2  tin :  white ;  brittle.  Uniform,  even  aftej  slow  cooling.  (Karsten.) 

/.  1  pL  copper  to  3  tin :  bltush  white,  exhibits  a  CTystalline  aspect  and  fibrous 
texture ;  cracks  under  the  hammer.     Specific  gravity  7'813.    (Chaudet.) 

TO,  I  pt,  copper  to  3-6  tin.  In  a  tinned  copper  boiler,  regular  six-sided  prianta  were 
found  to  be  formed,  with  indistinct  cleavage  parallel  to  p  (Miller,  Phi!.  Mag.  [3] 
vi.  107).  Yellow-greenish.white;  shining;  ductile;  of  specific  gravity  7'63  ;  fxwing 
at  a  red  heat ;  slowly  attacked  by  dilute,  easily  by  stroag  nitric  acid ;  dissolves  rapidly 
in  boiling  hydrochloric  acid.  (Gives  by  analysis  2i'38  per  cent,  copper,  and  77*63  tin, 
which  ogreea  nearly  with^ho  formula  CuSn''  (31-33  Cu  and  78 "67  Sn).  (Roth,  Pogg. 
Ann.  txxvL  478.) 

n,  1  pt.  eopper  to  10  tin  :  malleable  to  a  certain  extent,  but  cracks  under  the  ham- 
mer ;  specific  gravity  7 "472.     (Chaudet.) 

Boiling  hydrochloric  acid  extracts  tin  from  these  alloys,  and  leaves  a  compound 
eontfl-ining  a  large  quantity  of  copper  with  a  small  quantity  of  tin.  (Chaudet,  Ann. 
Ch.  Phys.  vii.  275.) 

The  following  table  eihibits  the  composition  of  niunermis  bronzes,  ancient  and 
modem.  Some  of  them  contain  lai^gerr  quantities  of  sine  and  lead  than  of  tin,  bat 
tliay  are  placed  here  for  the  sake  of  oomparisoi*  with  the  rest.  See  also  Table  D 
(p.  60). 
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Tabu  B.-~Oon^>ontum  o/Broiuse  Qntu,  Wet^pont,  Parts  of  Machinery,  ^e. 


1.  0!d  Atti*  eoin* 

5.  A.tlieniiim        . 

»■         "  •  . 

i.  OoiDofaMAcedcmiftakiAg 

6.  Oeia  of   Alaunder  Ui« 
Q,  CoJD  of   Alexander  th« 

7,  Attic  coin 

8,  Of  Aug.  Domit  Com, 
10.  Kervii  Tr^'&D. 

1 L  MaicoA  AstooiQiu  . 

12.  Mvc.  Amrl  Conunodtis 

13.  At^uader  SeTCTQfl . 

14.  PhiL  Angiutui 

U.  Eomau  Aa,  B.C.  600* 

17.  Qsjidraoa^  9,0,  £00 

18.  Hicfo,  a  GL  47S 

19.  Alex,  tlie  Oitat,  9,0.  33S 

20.  PliUip  HL  of  Mao^on 

2L  Philip  V.  B.C.  200  . 

22.  Atheniiui  (?)  . 

23.  PtoUmj  IX.  B.a  70 

24.  P<impey,  fcc,  53     . 
2fi.  Attili*  bmil;,  KC  U 

26.  Jidiaa     and     A^gBstiU, 

II.C43 

27.  AogmitQfl    aad    AgripfA 

ikc  30 
2a  St.  SuDoaata  . 

29.  Tictoriuiis,  Sen.      . 

30. 

31.  TetriuB,  Sen.  ,        , 

32. 

Z3.  Claodius  QothidU  <. 

34. 

M.  Tadtiis  . 

36.  „       . 

37,  Fmhva  , 
S8.  „  . 
3fl.  Brokeo  dwoid-blade 

40.  Fi«gment  of  flward-blade 

41.  Broken  wpew^head . 

42.  Celt  (Inljuid) 
43. 

U. 

46.  Celtic  weapoo- 


AutlMrlif. 


Mite.  &  Schmid 
R,  Wogeivfr 
0.  Monai 

KScbnud 

K.  WagpncT 
Mafdmnd 


FMtUi* 


Ffueniiu 


9-6& 
8-64 

3*72 
**6& 


.  88-46 
.  Tfl-41 
,  S3'62 
.  ST  9fi 

.  95*06 


B679 
a7-8iJ 
SJi-8l 
.  88-8 
851 
84-9 
895 
890 
888 

mm 

6204 
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19.  With  Xlae  (Om.  t.  477).^The  moet  important  aUoy  of  these  metak  b  hrnB9. 
which  coDtjiiui  about  2  pts.  by  weight  of  copper  to  1  pt.  of  zinc.  Other  proportioua 
form  TotHbac,  PincMxcky  Primes  t  mftalt  SimiJ<ir,  Mannhrim  ffold,  Moaaic  gold,  8tc. 

The  dlfip  are  prcpATpd :  1.  Bj  ftddibg  zinc  to  melted  copper,  or  by  faaing  the  metuls 
togather  ia  a  covered  cmcible,  the  cioe  brang  phiced  below,  and  the  copper  in  smnll 
picecB  tx.  top.  For  bram,  the  proportion  ia  7  pta.  copper  to  3  pta.  xinc  Part  of  the 
due  always  boms  away.  The  fusion  is  performed  in  emcibles,  seven  of  which  are 
uraally  placed  in  a  circuhir  air-furnace. — 2.  By  igniting  copper  in  smull  piecea  with 
atac-oxideand  charcoal  or  coal  powder.  In  tbia  older  inetbo<l  of  making  brnfs,  roasted 
native  calamine  or  Aunaoe-calamine  is  ignited  in  oorered  eraciblea  with  diaicoal  powder 
and  copper,  the  latter  being  cut  into  email  pieoea  or  granulated. — 3.  Copper  exposed  at  a 
red  beat  to  Tapoura  of  rinc  ia  completely  penetrated  by  them,  but  does  not  lose  its  form 
— Lj/cmt  Guld-lace  ia  pre^jored  by  exposing  roda  of  copper  to  the  vapour  of  *iac  till  they 
are  conTertcd  into  brajw  oo  the  surfkce,  and  t^jen  drawing  them  out  into  wire.  A  copper 
coin  pUced  in  a  crucible  abore  a  mixture  of  zinc-oxide  and  charcoal,  and  moderately 
UTiited,  isconTerted  intobraaa  without  obliteration  of  the  device. — 4.  By  precipitation. 
S^uriutu  goid-wire  is  prepared  by  boiling  copper-wire  (prerionsly  deamid  wiUi  nitrie 
acid)  with  hrdrochlnnc  add,  cream  of  tartar,  and  a  mixture  of  1  pt.  xinc  and  12  pta. 
mercury.  When  sulphate  of  copper  diaeolred  tn  20  pta.  water,  is  precipitated  by  sine, 
the  black  flakes  at  first  thrown  down  are  an  alloy  of  copper  and  line. 

Copper  alloyed  with  a  BmoJl  quantity  of  xinc  exhibits  a  paler  red  and  yellowiah-red 
colour :  a  larger  quantity  renders  it  yellow,  the  colour  being  brightest  when  the  two 
metuhi  are  united  in  equal  parts ;  a  still  greater  quantity  of  zinc  makes  it  whit'e 
(Lewis).  Id  certain  proportions,  the  alloy  of  cop[>er  and  zinc  is  more  ductile  at  ordi- 
nary temperatures  than  pure  copper,  but  generally  brittle  at  a  red  heat.  Very  smull 
quantities  of  zinc  do  not  impair  the  ductility  of  copper  at  ordinary  tempGraturea,  ex- 
cepting that,  when  thus  alloyed,  it  sooner  becomes  hard  and  brittle  by  hammering,  and 
therefore  requires  to  be  oftencr  heated  to  redness ;  but  even  0-6  per  cent,  of  aine  is 
■officii-nt  to  ciiuso  copper  to  crack  when  hammered  at  a  red  heat  (Karat-mX  The 
moet  dutitilo  of  all  the  alloys  of  copper  and  zinc  are  those  which  contain  84-5  per  oent. 
of  copper  to  lS-6  of  zinc  (tombac^  and  71*5  copper  to  28*6  zinc  (brass).  The  alloy 
formed  of  equal  weights  of  the  two  metals  cracks  in  rolling.  An  excess  of  zinc  rendera 
the  alloy  bnttle,  the  moat  brittle  of  all  being  that  which  contains  1  at.  copper  to  Ij 
to  2  at  zinc  (Earsten.)  Small  quantities  of  lead  diminish  the  ductility  of  the 
alloy  ;  tin  increases  its  tuirdnesa.    (Karaten.) 

\]1  alloys  iu  which  tho  amount  of  zinc  does  not  exceed  50  per  cent,  exhibit  the 
reaction  of  copper  towards  acids  and  in  the  voltaic  circoit,  and  they  do  not  precipitate 
the  salts  of  copper.  Bat  alloys  containing  excess  of  zinc  decompose  copper-salts,  being 
tberabj  eonveited  into  perfectly  pore  copier ;  they  likewise  dissolve  completely  in 
adds  which  have  no  action  on  copner  alone,  the  solution  taking  pluce  the  more  quickly 
as  the  exoeaa  of  zinc  is  greater.  If  the  quantity  of  acid  is  insufficient  to  diaoolro  the 
whole,  the  copper  first  dusolved  ia  lepredpituted,  Uie  liquid  at  length  retaining  nothing 
but  Bine  (Earsten).  Brass  toma  red  when  rublicd  with  hydrochloric  acid,  becauae 
the  acid  dissolves  the  xinc  in  preference  to  tho  copper;  but  when  rubbed  with  am- 
monia, it  turns  white,  because  the  ammonia  dissolves  out  the  copper.    (Berzelius.) 

Tablb  C. — Proptrtiet  of  Allcgt  of  Copper  and  Zine,  according  to  M  al  1  e  t  (DingL  polyt 

J.  Ixxxv.  378). 
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In  tliiB  tabl^,  r  under  Colour,  denotes  red,  y.  yellow,  ffr.  grey,  «Vp.  ».  ailver-white. 
X;  nder  Fraeturfi^  c,  ffr.  denot«s  co&rse-gni&ed,  /.  ffr,  fine-grained,  /.  /.  fine-fibred,  e.  oon- 

'  choidal,  «.  Titr^ooB,  lam.  laminar.  The  numberB  under  Tenacity  denote  the  weif^htia 
tons  rvqoired  to  break  a  rod  whose  tnuurerse  Bection  measures  a  square  inch.  Coder 
Maiieamity,  br.  isigniflefl  brittle,  v.  br.  very  brittle,  a.  d.  slightly  ductile:  the  maUeft* 
bility  waa  dftormined  at  60°  F.  (,16'6  C).     Under i/iirrfnwj  and  Futibility,  the  number 

^.1  denot^^s  the  minimura. 

The  compound  corresponding  in  percentage  compomtion  to  ZnCu*  is  Prina^a  metal, 
or  Bath  metal ;  ZnCu*  u  German  and  Dutch  brass ;  ZnCu*  ia  rolled  brass ;  ZnCn' 
IB  Eoglish  brass ;  ZnCa  ia  German  brass ;  ZnH^a  ia  G^erman  brass  for  watchnuikeni 
(Mallet) 

From  exp«imeat«  by  P.  H,  Store r  {Memoirs  of  the  American  Acadrmy,  New  Beriea, 
TiiL  97),  it  appeurs  that  alloys  of  copper  and  zinc,  formed  by  melting  the  two  metAU 
together  in  tho  most  TanKl  proportions,  then  leariug  the  maaa  to  cool  partiaUy,  and 
pouring  out  the  still  fluid  portion  (aa  for  the  crj-BtaUiaation  of  bismuth,  i.  5dO),  yield 
crj-stalfl  of  simikr  aapect,  sometimes  eshi>jiting  disti net  octahedral  faces,  aometimea  ia 
confused  nggre(gates  of  cryataUt,  but  all  of  octahedral  clmmct<>r,  and  l>earing  a  strikiiig 
resemblance  to  the  crj-srals  of  pure  copper  obtained  by  ftisioa.  From  this  resemltlance, 
and  ftom  the  observalionfl  of  Nicklea  (Jahreaber,  d.  Chem,  1847 — 8,  p.  434),  that 
rinc  crvstiiUisos  in  forma  belonging  to  the  regular  system,  Storer  concludes  that  idl 
the  alfoya  of  copper  and  xinc  also  ci^staUise  in  that  system,  and  are  not  definit« 
atomic  compounds,  but  merely  isomorphona  mixtures  of  the  two  metaln, — a  conclnsioo 
further  supported  by  the  fart  that  none  of  the  crystals  were  found  to  contain  a  l&fger 
nroportion  of  either  metal  than  the  remainder  of  the  molten  li*]uid  from  which  they 
had  separated.  The  alloy  containing  from  5  to  ^P<'t  cent,  of  zinc  waa  found  to  erf»- 
talliae  particularly  well ;  the  white  alloys  are  difficult  to  crystallise,  having  a  g7«at 
tendency  to  assume  the  pas^  condition  on  cooling.  Alloys  containing  from  58  to  48 
per  cent,  copper  are  much  inclined,  especially  when  quickly  cooled,  to  form  fibrous 
aggre^tes  of  crj-stats,     Tho  colours  of  the  different  alloys  (on  recently  filed  BurfkoM) 

I  e.xhibit  a  perfectly  regular  tmnsttion,  without  any  sudden  Icapa,  from  the  por^  red  of 
copper  to  yellow,  and  ultiraatoly  to  white.  The  purest  yellow  is  exhibited  by  thoM 
containing  from  75  to  80  per  cent,  copper.  Tho  Dardness  increaaes  with  the  propor- 
tion of  zinc.  Sudden  cooling  in  water  rendera  the  alloys,  for  the  most  part,  softer  and 
less  tenacJooa. 

EroM — This  alloy  is  harder  than  copper,  and  therefore  resists  wear  better  It  is  rerr 
niftlleable  and  ductile,  and  may  be  raised  by  stamping  into  various  objects,  sach  as 
mrtain-banda.  At  a  red  heat,  however,  it  ia  very  brittle.  It  is  well  adapted  for  cast- 
iiiil,  being  easily  fusible,  and  capable  of  receiving  very  delicate  imprcssionB  from  the 
mould.  It  is  said  to  resist  atmospheric  influences  hotter  than  cop]>er ;  but  whes 
its  surface  is  unprotected  by  lacquer,  it  rapidly  tamishes  iind  becomes  black., 

During  the  process  of  fct;imping  brasB,  that  ia,  of  subjecting  it  to  heavy  blows  in 
die?*,  iiH  fctr  the  mannftictiire  of  curtain-bands,  &c.,  the  metal  requires  to  be  aiuieaU>d 
from  time  to  time^  and  at  the  completion  of  the  process  the  article  remains  diacoloni^d 
by  adhering  oxide.  This  ia  removed  by  "dipping"  the  metal  in  aqua  fortJa  of  suit* 
able  strength,  and  then  washing  it  with  water.  A  bright  metallic  surface  is  thaa  pro- 
duced, ready  to  receive  the  lacquer  {a  eolutioti  of  shellac  in  alcohol).  The  colour  may 
be  varied  by  using  acid  of  different  ittrengths. 

The  pale  yellow  dead  surface  often  wrn  on  ornamental  artictes  is  proihiced  by 
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"  pirkling  "  the  metal,  aft«r  stampiog,  in  ire«k  aqua  forfia  (wj  1  pt  strong  nitric  add 
Ui  7  or  8  pts.  vkter) ;  then,  afliT  wwihuig  with  water,  immersing  it  in  much  stronger 
acid,  till  «  whit«  '-  card,"  due  to  a  stratum  of  small  gas  bubbles,  forms  on  the  surfoce; 
again  vaibing  with  water;  roughly  drying  the  object  by  moving  it  about  in  cold  saw> 
dust ;  then  dipping  it  again  in  strong  nitric  ucid  for  a  few  seconds  ;  washing  first  in 
water,  then  in  a  cold  sfuution  of  aigol  or  impure  cream  of  tartar ;  and  lastly  drying  in 
hot  sawdust 

The  surface  of  braaa  is  often  coloured  or  bronaed  after  "dipping"  and  b«fore  Iitc- 
quering.  This  is  done  by  immersing  the  article  in  a  solution  of  anenioius  acid  in 
hydrochloric  acid,  by  applying  a  dilute  aqneona  solution  of  chloride  of  platinum,  or  an 
aqueous  solution  of  corroiuTe  sublimate  mixed  with  vinegar,  or  by  rubbing  plumbago 
over  the  surface.  Either  of  these  applications  prodtices  a  dark  groy  coutiug,  which 
Maumes  a  bronze-tint  when  laoquerea.  The  corroeive  aablimato  solution  is  vwed  for 
eovmiOB  work :  the  phitinum-prooeiM  for  theodolites,  levala,  and  other  in^itrumenta. 
{Bfre^t  Metallurgy.) 

MmUift  nut4il. — This  aUoy  and  its  application  "for  sheathing  the  bottonu  of 
ahipa,  and  other  such  vessels,"  was  the  subject  of  a  patent  granted  to  the  lata 
O.  F.  Monte  of  Birmingham,  in  1832.  The  proportions  specially  recommended  in  tha 
specification  are  60  per  cent  copper  and  4U  tine ;  but  these  proportions  may  be  varied 
from  60  up  to  63  per  oenL,  and  from  50  down  to  37  per  cent  nnc  The  metal  is  east 
into  ingots,  and  rolled  loMk  hot  into  sheeta,  which,  when  finished,  are  "  pickled  "  iu 
dilute  sulphuric  add,  and  aftenrards  washed  in  water.  In  the  same  year  Mr.  Muntx 
obtained  a  second  potent  for  "an  improved  raanuftctaie  of  bolts,  and  other  the  like 
for  ships'  fastenings,"  the  same  proportions  of  copper  and  sine  being  used ;  and  in 
1846,  a  third  patent  for  the  ose  of  an  alloy  constiiting  of  56  per  cent,  copper,  43|  zinc, 
sad  39  lead.  This  last  alloy  does  not  appear  to  have  been  manufactured  on  a  large 
■ntle,  bat  Dr.  Perey  states  that  he  has  mooeeded  in  rolling  brass  well,  which  eon> 
tained  not  less  than  8  pec  cenU  of  lead. 

Munta's  metal,  or  yellow^metal  sheathing,  has  entirely  superseded  copper  sheath- 
ing in  the  merchant  service,  though  the  latter  is  stUl  retained  in  the  navy.  Its 
spMial  advantages  are  said  to  be  that  it  keeps  the  bottoms  of  ships  cleaner  and 
cofits  much  lees  than  copper  sheathing.  It  is  now  generally  made  in  re^'erberatory 
fdmiicea,  the  zinc  btung  cautiously  added  to  the  melted  copper,  and  the  melted  metal 
tjipped  into  a  vessel  lined  with  clay,  oat  of  whicli  it  is  ladled  into  suitablo  cast  iron 
ingot-moulds. 

Mosaic  gold, — Prepared  by  fusing  equal  weights  of  copper  and  zino  in  a  crucible 
at  the  lowest  possible  temperature,  stirring  constantly,  and  then  adding  a  fkirther 
quantity  of  zino  in  small  portions,  till  the  colour  of  the  fuB*d  mixturo,  aftt-r  passing 
through  the  various  shades  of  bnu»'yellow,  purple- red.  and  violet,  has  become  per- 
fectly white.  The  alloy,  after  casting  in  the  mould  and  cooling,  exhibits  the  colour 
of  gold,  and  does  not  tarnish  by  expoeure  to  the  air,  even  in  the  neighbourhood  of  tha 
sea.     (Hamilton  and  Parker,  Edinb.  J.  of  Sc.  1826.) 

Bratt  wider. — 2  pts.  brass  to  1  zinc,  or  if  it  is  to  be  more  ductile^  6  pts.  bnias, 
0  silver,  and  2  dno. 

Imitation  bronte,  TbtAbae,  PincUhvk,  Prine^t  meiat,  Stmilor,  JfamtAeim  ffotd. — 
These  terms  are  applied  to  alloys  of  zinc  and  copper,  containing  80  per  cent  or  more 
of  copper ;  also  to  alloys  of  copper  »nth  zinc,  tin.  and  lend.  The  chenpnena  of  zinc 
compared  with  tin,  ha«  caused  these  alloys  to  be  extensively  used  of  late  years  aa  sub- 
stitutes for  true  bronze,  which  is  an  alloy  of  copper  and  tin,  e^ieeially  for  ornamental 
articles,  which  are  gilt  or  artificially  bronzed  on  the  snrlkoeL  Alloys  whose  composi- 
tion ranges  from  86*6  per  cent,  copper,  115  zinc,  and  4  tin,  to  66  cooper,  32  zinc,  and 
2  tin,  may  likewise  be  used  for  the  casting  of  statues,  as  they  run  well  into  the  mould, 
and  are  easily  filed  and  chiselled.  Those  which  approach  to  the  latter  composi- 
tion, 66  per  cent,  copper,  &c.,  are  too  yellow  to  be  used,  excepting  for  objects  which 
are  to  be  gilt  or  artificially  bronzed ;  but  the  first -mentioned  alloy  yields  a  cast  of  a 
fine  deep  red  colour,  whidi,  by  exposure  to  the  air,  slowly  acquires  a  very  beautiful 
tarnish. 

The  alloy  called  tombac,  containing  84*5  per  cent,  copper  and  I6'6  zinc,  is  very  duc< 
tile  and  malleable.    Putck-metal  is  tombac  beaten  out  into  leaves  ^^^  of  an  inch  thick. 

Bnmet-cotoura  at  Bronee-powders,  used  for  colouring  objects  cast  in  brass,  imitation 
bronze,  or  plaster  of  Paris,  and  for  various  other  ornamental  purposes,  are  prepar*^  bv 
triturating  Dutch-metal  or  other  alloys  of  copper  and  zinc,  &c,  between  rollers  with 
watar  aacf  resin,  oil  or  fat,  separating  the  finer  narticlc-ft  from  the  gro«ser  by  levigation, 
liftiBg;  &&,  and  lastly  drying  and  beating  tnem.  (See  Ure's  IHclicmary  of  Art*^ 
Mam^faehsrn,  and  tfinff,  I  463.) 

The  fbiUowiiig  Table  exhibita  the  composition  of  various  kinds  of  brass  uod  iioita* 
tion-bronse.    See  also  Noa.  73.  7?.  75,  76,  78,  7»,  and  82  of  Table  S,  ^  46. 
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Tablm  D.—  OompoiUion  o/variout  AUoys  of  Copper  and  Zine  u$ed  in  ih»  Arta. 


I.  BmiH,  Ecglisl]    .... 

AuUiDdiy. 

i 

i   1 

2 

i 

lAT»t£r> 

70-2S 

29*28 

0-lT 

0-28 

2.  Bnaahom  Hwg«TmaJbl 

n         *          ' 

70-16! 

27*46 

0-7S 

0-20.          1 

3.           „        Aof^bufg  . 

n           •             ' 

71-841 

27-6;i 

0-8S 

C          „        Notifltadt,  Ebeiswald . 

KoA-emtAa^*  . 

71-30 

■28-16 

i.            „         EamUly      ,         . 

Chaudet* 

70-1 

20>9 

&           „        of  unknowii  oiigio 

Karskn* 

71-6 

28-5 

?»          11                          II       • 

Regsanlt* 

71*0 

27-6 

tnce 

1*3 

Bi            fi                               |.|        .          ■ 

ChAiid«t' 

Sl*fi9 

3S-33 

036 

2-86 

B.            n         Stolberg     , 

«(       ■        t 

66-8n 

31*80 

0-25 

2-15 

10.  Wfltcb-wbeeU     .... 

Fftiiat* 

coeo 

36-88 

1-35 

. 

0-74 

11,              ...... 

II       .         t 

sGoe 

31-46 

1-43 

. 

0-8S 

12,  Ship-nailfl,  bad  .... 

Petej*    . 

62'73 

41-18 

. 

4*72 

13.          „          good. 

«i       1        . 

62-62 

24-64 

2-64 

8*68 

14.  Tombac;  KngUdb 

Faisal' 

86-38 

13-61 

,      . 

.     . 

tne« 

16.        „        QermaTi 

Kantea^ 

S40 

15-5 

16.  Coin  of  Titus  Clatidiua 

Girardin' 

81-4 

18*6 

17.          „     C^saia    fiimi]y,    B.  &    20 

(sp,  gr,  &'fifl)       , 

Pbillips* 

82*26 

17-31 

, 

. 

as« 

IB.          „     Roto,  jur.  60  (sp.gr.  8*50) 
19.          „     Titus,  A,D.  7S  (ip.gr.  8-30) 

n           •          • 

81-07 

17-81 

1-05 

It          •          ' 

83-04 

15-84 

, 

.      • 

Q^m 

20.         „    Hadrian,    i»D.    120   (ap. 

gr,  B-33)^      .         .         , 

It          .          • 

86-67 

10-83 

114 

1-73 

Oil 

21.  „     FaBstioa,  jnn.,  a,d.   Ififi 

22.  Aniiqae  1>raci>kt,  NnnniliiiTg 

*i          .          ■ 

79-15 

6    7 

4-97 

9-18 

o-si 

Gobel'     . 

83*08 

1538 

1-6+ 

23.         „       fibula,  Eoiiig«b«ig 

*i          •        ' 

82-0 

16 

1-6 

24,         „       elmifl,  Ronneburg 

It          •        » 

82-6 

17-5 

35.  Statue  <if  Louia  XIV.  (flp.  gr. 

1                              8-482) 
U,            „       Henri  IV.          .        . 

D-Arcet" 

91-46 

5S3 

1-70 

1-37 

)»       •        * 

89-62 

5-70 

4-25 

0-48 

Sf,            „       Louis  XV, 

II       ■        '■ 

82-46 

10-30 

4-10 

%             „       Hinerra  in  Fuifl 

m         •           * 

83^>0 

li'OO 

2-00 

1*06 

2S.             „       Napoleon  .        ■     .  * 

*t         •           * 

7d-»0 

20-00 

3-00 

2-00 

30.             „       LeMsiog,  in  Ermawick 

Otto"      . 

84-20 

11-50 

3-66 

0-7fi 

31.  Bronie  for  gildiiuc 

D'Areet- 

82-00 

1800 

2-5(1 

33*             «                  .       .       . 

11       ■         * 

64.60 

32-60 

0-26 

U,              „                   .       .       . 

i» 

82 '00 

1800 

3*00 

S4.                „                     .        .        - 

M               »                  . 

78-00 

1800 

2-00 

3S.  BroDie-colonr,  pde  jelloT  . 

Eonig*    . 

82-33 

16-69 

3fl«             „            deep  jellow . 

M               • 

84-50 

16-30 

,      , 

o-i« 

i  If,             „            red-yellow    , 

»l 

eo-00 

S-60 

« 

0*07 

11,               „              orangH 

tl               -                  ' 

98-93 

0*73 

, 

o-i« 

40,              „             fiolet  , 

ri         *           » 

99-90 

•     . 

. 

(hos 

n         •          • 

98-22 

0*50 

trace 

frvx 

41,             „            green  , 

If         ■           > 

84-32 

1502]     „ 

o-ao 

iSL             „            white  . 

M             •               • 

■     ' 

2  3«  »$-46 

.      . 

0-03' 

•  J.  pr.  Chem.  ill.  IM. 

k  Fogg.  Ann.  xxxv.  576. 
c  Ann.  Ch.  Phyt.  Tfl  t.  Ml. 
4  Om.  Hudb.  T.  M 

•  Ibid. 

t  PolTUCeBtralbL,  l8SI,i>.97l. 
K  Jahretb.  d  Chem..  lu<^  ^  «sr. 


k  Gm.  Haodb.  t.  479. 

i  Handw.  d.  Cbem.  9  Aufl.  IL  m  SOOb 

k  Chem.  Soc  Qa.  J.  iv.  t52. 

I  Schw.  J.  Ix.  407. 
■  Handw.  loe.  ciU 
»  IbkL 


Alloys  of  Copper,  Zine,  and  Iron.— 80 ptB.  rinc,  1  pt  copper,  and  1  pt.  cmI  mm 
form  Sorel's  w^U  brass.  It  has  the  aspect  and  fractore  of  ordinary  ziiie,  la  said  to  be 
as  hard  as  copper,  and  tongher  than  cast  iron,  to  admit  of  taming,  filing,  and  boEJii& 
and  not  to  roat  eren  in  damp  sitoations.    (Berthier,  Fogg.  Ann  Ixir.  344.) 
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itt^^t  0/ Cooper,  Zine  and  Jfickei — HicM-Mivcr,  Gcrman-»ihvr,  White  cop- 
per,  I'acktmg  or  Paekfontf,  WfU$kupfer,  Neu-»ilbfr,  Argtrntank,  MtuUtehorL—To  prepare 
tbi*  iiUoy,  wltifili  ia  ranch  nsed  &a  a  8ab«titat«^  for  atker,  tb«  eopper  &nd  nickd  are  tirat 
melted  in  a  crucible,  and  the  zioc  is  then  add«>d  in  pieces  prenoosl^r  heated.  Or,  the 
three  metals,  in  a  utate  office  division,  are  mixL>d  togother  in  a  csrucible,  copper  bfinjf 
pLieed  at  top  and  bottom,  the  whole  covered  with  charcoal  powder  and  heated  in  an 
air-fumaoe  with  a  strong  draught,  the  mixtore  b<>inff  stirred  all  the  while,  to  ensure  the 
complete  solntion  of  the  difScoltly  fusible  nickel,  Thelongoraad  the  more  eompletel;' 
the  mixtiue  is  f^isad,  the  more  dactile  do«s  it  beoome ;  part  of  the  sine  boms  away. 
(Gersdorft  Fogg.  Ann.  viii  103.) 

Proportions  oftka  mataiaU. — a.  2  pta.  copper,  1  nu^el,  1  sine :  serves  for  spoons 
and  fo^a.  b.  6  pta.  copper,  2  nickel,  3  sine :  has  the  colour  of  silver  alloyed  with 
4  pt.  copper ;  serves  for  knife  and  fork  handles,  ennfier*,  &c.  e.  3  pts.  copper,  1  nickel, 
1  line :  this  popcntioD  gives  the  best  allov  for  rolling.  The  uddition  of  3  via.  of  lead 
to  100  pts.  of  ue  mixture  a,  or  of  2  pts.  lead  to  100  pts.  of  Uie  mizturo  6,  yields  an 
alky  adapted  for  cast  ardclea,  snch  as  candlesticks,  spun),  and  bells.  The  addition 
of  3*6  pta,  of  iron  or  steel  to  100  pts,  of  alloy,  rendoTS  it  much  whiter,  but  likewise 
haider  aad  niore  brittle;  the  iron  must  be  previously  fused  with  a  portion  of  the 
eoroar,  under  a  layer  of  ehaiooal-powder  in  the  blaat*faruace,  and  then  melted  together 
with  the  zinc  and  nickel  and  the  rest  of  the  copper  (Gersdorff).  d.  8  pta.  copper, 
8  aided,  and  6  zinc  yidd  Tsiygood  nickel-silver (F rick).  An  alloy  of  lU  pis.  copper, 
1  nickel,  and  5  sine,  has  still  a  i>ale  yellow  colour ;  that  which  contains  10  coppec. 
1  nickel  and  7  tine,  ia  yellowiah-wbite  and  less  ductile  than  d (Frick).  Larger  quanti< 
ties  of  iron  do  not  enter  into  comlMoation  with  the  nickol-silvcr  as  a  whole,  but  unite 
with  part  of  the  copper,  nickel,  and  carbon,  forming  on  alloy  which  floats  like  drops  of 
oil  on  the  Burface  o/tha  nickel-silver.     (Erdman  n.) 

Nickel-silver  has  a  erystallioe  stmctore  when  solidified  from  fnsion.  It  must,  there- 
fore, be  heated  to  dull  redness  and  cooled  again  ooo^iletehr  befiare  it  is  roiled  or  ham> 
mered ;  when  ones  the  crystalline  structure  has  bean  aestroyed,  the  alloy  may  be 
worked  like  brass  (Oeradorff).  Chinese  nickel-silvor  may  be  worked  even  at  a  dull 
red  heat,  but  at  a  stronger  heat  it  flies  to  pieces  on  the  aligoteat  stroke  of  the  hammer 
(Fyfe,  Edinb.  Phil.  J.  viL  69).  Nickel-silver  is  harder  than  silver,  and  ausceptible  of 
a  high  ^lish.  Its  colour  approaches  that  of  silver,  but  is  greyer.  A  mixture  of  1  pL 
oil  of  vitriol  and  7  pts.  water  turns  it  white  when  boiled  with  it  (Gcrsdorff).  It  is 
not  magnetic,  or  bat  slightly  so ;  when  it  contaiDH  a  certain  amount  of  iron.  It  fuses 
at  a  bright  red  beat,  the  sine  burning  away  if  the  air  has  access  to  it  When  exposed 
to  the  air,  it  aoquiras  a  slight  yellow  tarnish.  When  immersed  in  vinegar,  it  becomes 
CASted  with  vwdigria,  only  at  those  jparls  where  the  air  can  likewise  act  upon  it 
(Frick).  In  vinegar  it  becomes  greenish  block ;  in  wine,  dark  brown ;  in  solution  of 
cnmmon  salt,  red  brown ;  in  solution  of  sal-oDunoniac  or  tartaric  add.  black  with  green 
•pots ;  and  in  oxalic  acid,  black  (D*  Areet,  J.  Fharm.  xsiii.  223).  In  water  contain- 
lag  ^  of  potash-hydnite,  it  remains  brighL    (A.  VogeL) 
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b. 

e. 
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31-25 

17 

17-01 
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2606 

26-0 
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2 
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3 
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trace 
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Co 

,    , 

8-4 

Ni 

31-6 

18-8 

19-3 

18-75 

23 

10>1S 

1605 

10-85 

13-0 

Co 

40-4 

600 

660 

60-00 

65 

6334 

62-40 

6263 

67-4 

100-0       1000         98-9       10000     100       99-48         9960         »9-63         &8-4 

«.  Chinese  packfong,  of  spedfle  gravity  8*4.12.  6.  English  nickel-silver,  somewhat 
yellower  than  the  German,  e.  Parisian  Maillochort ;  contains  also  a  trace  of  anionic, 
viiteh  remains  behind  when  the  alby  is  dissolrod  in  nitric  a«d  d  and  r.  From  un- 
known Bourccjn,  /,  g,  and  K  English  nickol-aiker,  used  in  Birmiogham  for  srticlea 
that  are  to  be  plated.  1.  Fmni  .Sheffield,  distinguished  by  eztrsordinazy  elasticity, 
osed  for  the  friakL^ts  of  print in^c-prcsses. 

AmericaH  nickd-*tlvtr. — 1  pt.  iron,  1  cobalt,  2  silver,  2  tin,  4  manganese,  24  nickel, 
36  Bbc,  and  96  copper.     (Gm.  v.  498.) 

OOWBX,  BBOMXSS8  OF.  Copper  does  not  unite  with  bromine  at  ordinary 
tempcnitur-'s,  lut  <iti  fh.'  ;i|iplu-ation  of  heat,  cxnbination  takes  place,  the  chief  prtwluct 
being  cuprous  bpuiiiide,  Cu'Br*. 
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Dihrcmide  of  Co f per,  or  Cuprio  Bromide,  Cu"Bi*,  is  formed  by  erspon- 
ting  the  solution  of  cupric  oxide  in  aqneoufl  hydrobromic  acid,  &nd  fo»u^  tiia  PMidot 
at  a  gentle  hejiL  The  reEridne  is  iron-black  like  plnmlmgo.  If  the  solutiOD  be  left  tA 
eraporata  in  Tiicuo  over  oil  of  x'ilriol,  uuhydrous  shining  crystals  are  obtained,  teant- 
bling  iodin"}  ia  appenranco  (RarameUberg.  Pi>gK-  A.nu.  Iv.  246).  Aecording  to 
Bertheiaot,  dibromide  of  copper  givoa  off  half  it^  bromino  creti  below  a  red  beat; 
according  to  Rammclaberg,  it  gives  off  36*8  tmt  cent,  and  Icarea  cuprous  bromide. 

Ht/dratcd  Diftromide  o/  copper,  or  HtfdrobromaU  of  Cvpric  oxide. — The  emenU- 
greeo  Holution  of  cupric  bromide  in  water,  or  of  cupric  oxiae  in  aqneoaa  h7dn>la<omie 
acid,  or  of  ci.pper  ia  a  mixture  of  hydrobromic  and  nitric  acids,  b^HMineft  brown  m 
BTaporatioii,  »nd  jit^Ms  right  rectangular  prisma  (green ish^yel low  needles,  accordi: 
Serthcmut),  which  fuse  at  a  gentle  heat,  giving  off  their  water  und  learing  a 
of  anlijdrt>u3  dibromide  of  copper. 

DibromiJe  of  cNippur  and  th*  h^ydrated  cpyetals  deliquesce  in  the  air,  and  diaaolTe 
readily  in  wuter;  the  green  solution  turns  brown  on  evaporation,  and  lik««iaewb<a 
mixed  with  oil  of  vitriol  or  with  galte,  these  substances  depriving  it  of  Sta  water 
(Lowig).  Ammonia  added  to  the  soludon  in  quantity  not  sufficient  for  complH« 
precipitation,  fonns  a  pale  green  precipitate  of  hjdrntfd  oxybromide. 

Ammomo-cuprie  bromide*. — ^The  comp!.rand  CuBr*,6NU',  is  obtained  by  the  aetioa 
of  dry  ammonia  givs  on  cupric  bromide.  It  is  a  bluish  powder,  which,  when  heated, 
gives  off  water  and  bromido  of  nmmoniuTn.  It  dissolves  in  a  small  quantity  of  water, 
forming  a  deep  blue  srilution,  which  bf^mes  turbid  when  diluted,  depositiiig  hydrntal 
cupric  oxide,  which  turns  black  wh<*n  hcat<'d  in  the  liquid  (Rammelsberg,  toe  dtX 
Another  ammonio-bromide,  containing  CuBr-.3NH',  is  obtained  by  mixing  a  stiQiig 
solution  of  cupric  bromido  with  a  Kuffleiont  quantity  of  strong  ammonia  to  fomi  a 
clear  solution,  and  then  oiJding  ulcuhol.  It  formn  smtdl  dark-green  cryHtaI«,  but  ia 
other  resfiecta  resembles  the  preeeding.  Rji mm cUberg  found  in  the  former  of  Lh«a* 
compounds  28*98  per  cent.,  in  the  latter  laus  per  cent,  ammonia. 

Monohromide  of  Copper,  or  Cuprous  Bromidf.  (Cu')''Br'.  BroviiiU  tf 
Cupromm.—yfhcn  bromine  is  poured  into  the  sealed  end  of  a  glass  tube,  the  npjiaf 
part  of  the  tube  filled  with  flue  copper  wire,  and  the  copper  heated  t<)  dull  rednea^ 
combination  t^ikes  place,  attended  with  vivid  incandeaceace.  The  cupric  bnjmida 
whicb  mixes  with  the  mass  is  dissolved  out  by  water.  On  dtaaolving  the  product  is 
aqueous  hydmbromic  acid,  any  copper  thut  may  remain  uncombined  is  left  behind, 
and  the  cuprous  bromide  may  be  precipituted  from  the  solution  by  water  (Lowig). 
Another  mode  of  prepamtion  is  to  heat  thin  roll«?d-up  copper-foil  in  a  flask,  at  ^ 
bottom  of  which  some  bromine  is  placed,  and  wlien  cxiinbination  attended  with  igtii- 
tion  is  set  up.  lo  drop  more  bromine  in,  till  the  who!©  of  the  copper  diaapt)««n. 
Cuprous  bromidt!  is  likewise  obtained  by  heating  cupric  bromide  to  redness.  It  is  • 
dark-greenish  brown  mass,  which  is  decomposed  by  ignition,  in  contact  with  the  air,  k 
insoluble  in  water,  but  dissolves  without  colour  in  hydrobromic  or  hydrochloric  aeitl 
Nitric  acid  decomposes  it,  with  evolutinii  of  nitrie  oxide.  It  is  not  lu-tic^d  on  by  sul- 
phuric or  acetic  ucid,  even  at  the  boiling  Lent.  It  is  said  to  iliasolve  in  aqueoa 
amraonia,  and  to  yield  by  evaporation  crystals  of  an  ammonio-brora.ide.     (B  o  r  t  h  e  m  ot.) 

COPVSJt,  CAJKBZSS.  OR  CASBVUST  or.  Copper  does  not  appear  to  form 
any  dofinilc  fompmind  with  carbon.  Pure  (plectro type)  capper  may  be  fused  under 
charcoal  powder  without  undergoing  any  change  of  physical  pn^pertica.  Ordinarj 
copper  thus  treated  bi'com*»s  brittle  at  a  red  beat ;  but  tlie  change  ia  probably  doe  to 
the  presence  of  small  quantities  of  foreign  metals,  as  ia  overfKiled  copper  (p.  *il>) 
Whether  any  small  quantity  of  carbon  is  taken  up  by  the  copper  baa  not  been  exactly 
ascertained.     (Peref/t  Mrtailurffy,  i.  269.) 

COVPBS,  CUJ.OJtXOaa  or,  o.  Dichloride  of  Copper,  Cupric  Cktit- 
ride.  Chloride  of  Vupricum.  Cu'Cl*. — This  compound  is  obtained  in  the  aaby- 
drooa  state:  1.  By  the  combuKtion  of  opper  in  chlorino-gus.  Copper  filings  or  ciipper 
foil  introduced  into  dry  chlorine  takes  lire  spontaneously,  and  burns  with  a  greenish 
light,  producing  a  mixture  of  cupric  and  cupwus  chlorides,  and  if  the  chlorine  ia  ia 
excels,  the  latter  ia  slowly  converted  into  cupric  chloride. — 2.  By  heating  the  hydratad 
chloride  to  200"  C. 

Anhydrous  cupric  chloride  prepared  by(l}  fnrms  a  bi-own  sublimate;  by  (3\  a 
brownish-yellow  )^x>wder.  It  has  a  caustic  metallic  taste,  is  fusible,  and  at  a  red  b«rt 
gives  off  half  its  chlorine,  and  ia  converted  into  cuprous  chloride.  Heated  in  a 
current  of  phoaphoretted  hydrogen,  it  yielda  hydrochloric  acid  gas  and  tnphosphid* 
of  copper.  Fused  with  phofphi^nif,  it  forms  chloride  of  phos])horus  and  phosphide  ri 
copper  (II.  Rose,  Fogg.  Ann.  xxvii.  1 17).  It  is  not  decompom^d  by  sulphuric  anA^dridt 
at  ordinary  temperatures  (H.  Rose,  ibid,  xxxviii.  121).  StUphuric  acid  doc«  not 
•Qpoe.0  it  at  ordinary  temperatures,  but  completely  when  heated,  hydxv>chliKic 
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•eid  being  evolrad  (A.  Yogel).  Heated  in  «  emreot  of  etfyleM  m»,  dichloride  of 
copper  yieldfl  a  mixture  of  copper  and  cuprona  chloride  (Wohler).  When  exposed  to 
this  &ir,  it  turna  green  &od  deliqaeacee. 

ffydrai/d  dicktonda  of  copper  is  produced  :  I .  By  the  deliqueeeence  of  the  anby- 
droufi  chloride. — 2.  When  copper  immersed  in  hydrochloric  acid  is  ozpostNl  to  the 
air  for  a  considerable  time, — ^.  By  difisolnng  copper  in  oqoa  regia. — 4.  By  dissolring 
cupric  oxide  or  carbonate  in  hydrochloric  acid.  The  solution  of  cupnc  oxide  in  conceii* 
trated  hydrochloric  acid  ie  attended  with  great  devulopment  of  beat. — 6.  By  pouring 
a  amall  quantity  of  water  at  60" — 60"  C,  on  a  mixture  of  equal  weights  of  pulverised 
sulphate  of  copper  and  common  salt.  The  dark,  green  Liquid  thus  formed  deposits,  on 
eooling,  ciyBtala  of  sulphate  of  sodium,  and  by  further  erapomtioa  the  remainder  of 
this  salt,  together  with  the  excess  of  chloride  of  sodium :  the  decanted  solution  finally 
yields  cryvtala  of  cupric  chloride  (Riockher),  The  ememld-green  solution  erapo- 
zated  and  cooled,  yields  green  right-angled  four>sided  pnsms,  which  at  100"  C.  turn 
brown,  giving  off  the  greater  portion  of  their  water,  but  do  not  part  with  the  whole, 
which  amounts  to  21-63  par  cent.,  till  they  are  heated  to  200**  (Graham,  Ana.  Ch. 
Pharm.  xxix.  31).  Cold  Hulphuric  acid  likewise  abstracts  water  from  them,  and  oon- 
Tsrts  them  into  the  brown  anhydrous  sulphuric  acid,  which  it  does  not  dissolve  or 
deeompose  (A.  Vogel).     The  crystals  deliquesce  in  the  air. 

From  the  ^ueous  solution,  phoaphonu  throws  down  cuprous  chloride  and  forms 
phoftphorio  add  (Boeck);  the  same  prccipiute  is  likewise  produced  by  nsmtry, 
with  formation  of  mercnrous  chloride:  by  tUvtr,  witJ)  formation  of  chloride  of  silver, 
black  at  first,  bat  afterwards  white  (Wetslar,  Schw.  J.  lii.  475) ;  and  by  dkhloritUi 
of  tin,  with  formation  of  tetrachloride  of  tin.  Cuprous  chloride  is  also  precipitated 
on  boiling  the  aqueous  solution  with  ruffor,  and  partly  remains  dissolved  in  the 
hydrochloric  acid  produced  by  the  reaction  (A.  Vogol) ;  a  sotution  of  dichloride  of 
copper  mixed  with  ether,  and  exposed  to  the  sun's  ra^-s,  loses  its  colotir,  and  on  the 
addition  of  water  yields  a  precipitate  of  cuprous  chloride.     (Q  e  h  1  e  n.) 

The  solution  of  dichloride  of  copper  in  a  small  quantity  of  water  is  emerald-green, 
but  a  larger  quantity  turns  it  pole  blue.  The  coucentxattid  solution  assumes  a  yellow 
colour  on  the  addition  of  strong  hydrochloric  add.  With  strong  sulphuric  acid,  it 
solidifies  to  a  brown  mass.  Chaiacten  traced  on  paper  with  the  solution  turn  yellow 
when  heated,  the  writing  disapoearing  as  the  paper  cools. 

Dichloride  of  copper  is  soluble  in  ateokol  and  in  ether. 

For  the  so-calleu  oatic  ehforuf4«  ^f  copper,  see  Copran,  Oxtcblo&idbs  or. 

Ammonic-cupric  Chtoridea. — 100  pt*.  of  dry  cupric  chloride  quickly  absorb  73'7  ptf. 
ammonia,  crumbling  at  the  same  time  to  a  blue  powder.     The  resulting  oompound, 

which  has  the  wmpoeition  6NH».CuCl».  or  possibly  N'6«Cu"(NH*)'.CT»  gires  off  port 
of  its  ammonia  on  exposure  to  the  air,  and  turns  green.  At  140°  C.  it  gives  off  4  at. 
ammonia,  leaving  an  apple-green  powder  consisting  of  chloride  qf  cuprammoniumt 
N*H*Cu''.Cl'.  At  a  higher  temperature,  it  givea  off  sal-ammoniac  and  a  smnll  quantity 
of  nitrogen,  and  Itiaves  cuprous  cliloride.     (H.  Bose.) 

The  compound  6NH*.CuCl»  is  obtained  as  a  hydrate.  6NH*.CuClMI»0,  by  passing 
tmmonia-gtu  into  a  solution  of  cupric  chloride,  till  the  proapitate  which  fir»l  forms  is 
redissolvMU  The  liquid  becomes  heated  nearly  tu  the  boiling  point,  and  on  cooling 
deposits  the  oompound  in  dark  blue  prisms  and  octahedrons.     (Kane.) 

The  tetra/nmoHte  compound  is  obtained  by  passing  ammonia-gas  in  excess  through 
a  hot  s>iturHlcd  solution  of  cupric  chloride,  in  dark  blue  hydrated  octahedrons,  which 
at  149°  C.  are  reduced  to  2NH».CuCl». 

The  oxychloridff  Cu*01'0*,  likewise  absorbs  ammonia-gas,  forming  the  compovad 
2NH*.Cu»Cl-0«, 

Dichloride  of  copper  forms  double  salts  with  the  chlorides  of  the  alkali -metals. 

Chloride  of  Cvpricum  and  Ammonium  {KuyJer-iuUmiak),  2>'H*€I.Cu(.'l*  +  2H»0,  is 
obtained  by  ditwolving  634  pts.  sal-ammoniac  and  67'4  pts.  anhydrous  or  86*4  pts. 
crystallised  dichloride  of  copper  in  a  small  quantit}'  of  water,  aud  leaving  the  s^ilntion 
to  cooL  This  salt  forms  bluosh-greun  quadratic  octabedruns  perfectly  soluble  in  water 
and  alcohol,  and  easily  decomposed  by  heat  (Mitscherlicb,  Graham);  Hf>nniann. 
by  the  same  mode  of  preparation,  obtained  a  salt  with  2  at.  water;  so  likewise  did 
Haute,  by  SAturating  hydrochloric  odd  with  cupric  carbonate,  and  mixing  the  solution 
with  half  the  quantity  of  hydrochloric  acid  aeutralised  with  ammonia. 

Beoquerel  obtained  several  compounds  of  chloride  of  ammonium  with  basic  cnprio 
chloride  (oxychloride)  by  filling  the  bend  of  u  U-lubo  vrjth  clny.  placing  solution  of 
sal-ammoniac  in  the  one  arm,  cupric  chloride  in  tho  other,  and  immersing  the  end  of  a 
bent  strip  of  copper  in  each  arm  in  such  a  manner  as  not  to  touch  the  clay.  The  end 
dipping  into  the  sal-ammoniac  becamo  ooverr^  in  thu  course  of  a  few  months  with 
crystals  exhibiting  remarkable  truncations  of  the  angleeand  edges;  Ihoy  were  resolved 
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by  water  into  chloride  of  ammonimn  aud  oxychlorido  of  copper.  A  similar  compcrand 
irrt«  obtitin«J  with  chloride  of  pota«Biam. 

CU^tride  of  Cuprkum  and  Potatnum,  2Ka.CaCl»  +  2H*0.  >s  obUinod  in  th»  wtm* 
manner  as  tbe  correapondiog  &mmonium-BnlU  n<!cordin(;  to  Mitschorlich,  in  quivinitic 
octtUiedroas,  acoorditig  to  Jacquekin,  in  double  aix-sided  pyramids,  soluble  in  tmier 
and  in  alo)hol. 

MoNocHLORiDK  OP  GoppsB.  Cuprout  Chloride,  Chloride  of  Cupro- 
turn.  Ca*Cl*,  Bot/lf'i  Re^na  atpri. — Prodn<red  ;  1.  Together  with  the  dichloride. 
by  the  combustion  of  ropper  in  clilorine  gau- — 2.  Copper  heeted  with  dichlorida  (rf 
mercury,  yields  vapour  of  mercury  and  monoehloride  of  copper  (Boyle).  Tin 
decomposition  takes  place  most  rtMidlly  with  1  pt.  copper  to  2  pis.  corroeiTO  sublimat* 
(J.  Drtvy).  More  exactly,  64  pt«.  (2  nt.)  copper  and  13S  pt«.  (1  »t.)  com^sJT* 
sublimnto. — 3.  xi  plate  of  copper  i mm er»ed  in  (ndrochloric  ocid  in  a  fia»k  contain* 
intf  ftir,  becomwi  covertid  with  white  tetmhenlrons  of  monoehloride  of  eopptt 
(Proust). — 4.  The  compound  may  also  be  formed  by  agitntinj,'  ooppc-r-filingB  with  • 
Bolotion  of  the  dichloride  in  a  close  vessel  (Proust). — 6.  By  precipitating  cnpric 
snlphate,  h ydrochlorate,  nitrate,  or  act'tate  with  aqueous  dichloride  of  tin,  or  l^ 
treating  cnpric  hydrate  or  carbonate  with  dichloride  of  tin  dissolved  in  hydrochUtrie 
acid  (ProuBt) : 

2CuCl«  +  SnCl'  =  Cu«Cl»  +  SaCP. 

6.  By  treating  aqueous  dichloride  of  copper  with  phosphorus,  ether,  sugar,  &e. — 

7.  By  heating  the  dichloride  in  a  ret4>rt  for  a  considerable  time ;  digesting  ths 
residue  with  wat6r  for  several  days  with  the  retort  dosed,  to  dissolve  out  the  uade- 
compojsed  dichloride,  and  pouring  ofi'  the  resulting  solution ;  the  residue  consists  of 
monocMoride  (Proust'), — 8.  By  egitating  pulverised  cuprous  oxide  with  hydrochlonc 
acid  in  a  dose  vessel  (Proust,  Chcnevix). 

Cupmus  chloride,  obtained  by  precipitation,  is  a  white  crj'Btalline  powder,  which 
acquires  a  dingy  violet  and  blackish-blue  tint  by  oiposure  to  sunlight.  It  crystallises 
from  tta solution  in  hoi concentratt.>d  hydrochloric  acid  in  white  tetr&hedrons  (Proust), 
which  turn  bluish  when  exposed  to  light.  According  to  J,  Davy,  it  sepant«>s  in  oUrs- 
green  prisma.  It  melts  somewhat  below  a  red  heal,  und  when  slowly  cooled,  solidifies 
m  a  translucent,  light  yellow  mass  (grej-ish-white ;  Proust);  the  residue  obtained  I7 
rapid  cooling  is  of  a  dark  brown  colour,  and  confused  texture  (J.  Davy).  8peci& 
gravity  of  the  melted  mass  ^  3*677  (Karsten).  In  close  vessels,  it  doe«  not  volati- 
lise, even  when  strongly  heated;  but  if  heated  m  the  air,  it  goes  off  in  white  vapours. 

Hoat-cd  tg  redness  in  a  stream  of  hydrogen,  it  is  converted  into  metal  and  hydro- 
chloric acid  gas;  in  an  atmoaphare  of  photphorettfd  hydm^cfi,  it  yielda  hexcuprte 
phosphide  and  hydrochloric  acid  gas  (H.  Rose,  Pogg.  Ann.  iv.  110,  20fi).  With  ««•- 
filinff*  undw  water,  it  yitlds  metallic  copper  and  boIuMs  protoxide  of  iron  (ProuBl|. 
FerrouB  tulphate  added  to  the  sulutiou  of  the  monoehloride  in  hydrochloric  acid, 
tlirnWB  down  metnllic  opper  (Proust).  Munochloride  of  copper  turns  yellow  wbsa 
bulled  with  water;  but  the  decompoeilion  is  not  complete  (Proust).  With  fas«d  hydraU 
'^f  potassium  or  the  aqueous  solution  of  potash,  it  yields  cupruns  oxide  and  chloride  ol 
potassium  (Proust).  When  exposed  to  the  air  in  the  dry  state,  it  slowly  attracts 
moisliiro  and  tarns  green ;  in  the  moist  state  it  is  quickly  converted  into  a  green  maa 
(Proust).  With  HUric  acid  it  forms  first  a  violet  and  then  a  blue  solution,  the 
«<tion  being  attended  with  great  rise  of  temperature  and  violent  evolution  of  nitric 
oxide  (Proust).  A  mixture  of  monoehloride  of  copper  and  sulphuric  acid  aasuJDM* 
fiiint  violet  colour  when  covered  with  a  thin  layer  of  faming  nitric  acid.      (Gmelio.) 

Mont>chl«jride  of  copper  does  not  dissolve  in  water,  or  in  dilute  sulphuric  acid;  hot 
it  dissolves  without  colour  in  strong  hydrochloric  acid,  in  nqueous  »iminonia,  and  in 
solution  of  common  salt.  A  similar  solution  is  formed  by  agitating  the  acid  in  a  doss 
vessel  with  cuprous  oiido,  or  with  a  mixmre  of  the  protoxide  and  excess  of  matallie 
coppt'r;  or  by  agitating  copper-fiUngs  with  a  solution  uf  the  dicliloride  aLronf^ 
Bupersatnrfttcd  with  hydnwbloric  acid ;  or  by  mixing  the  same  solution  witlt  ethtf 
and  exposing  it  to  the  sun's  rays.  The  colourless  liquid  prepai-ed  hot^  deponti 
crysUds  of  monoclilorido  of  copper  on  cooling.  The  solution,  wh^u  mixed  with  a 
considerable  quantity  of  water,  dt-posits  the  greater  part  of  Lht*  monoehloride  ia  tJis 
form  of  a  white  powder.  Smiill  quantities  of  ammonia  tvdded  to  the  aolutioa 
produce  transparent  cubes  of  monoehloride  of  copper  and  ammoQiuiTL,  •which  diseolv* 
m  a  larger  quantity  of  amnmiiia,  forming  a  colourless  liquid  which  tuma  blue  on 
exposure  to  the  air.  Fuming  nitric  acid  imparts  to  the  solution  a  dark  greenish-brovs 
colour,  which  afterwards  changes  to  yellow  with  evolution  of  nitrous  gaa.     (O  melin.) 

The  hydrochloric  acid  solution  *>f  monoehloride  of  cooper  imparts  a  blae  ooloofts 
mdt/hdic  acirf,  decolori«e«  recently  precipitatid  Prujf^ian  ««/•.  throws  down  calooMlfiaM 
I  solution  of  corrttitx  suUiiiiate,imd  meUvilic  tfofd  from  u  solution  of  g^jld.    (Froast) 
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Aijmtow  ettprotty-eitprie  Chhriis  it  fbnn«d  in  boIqUod  by  ezpoiiog  the  solotion  of 
capmns  oxide  in  execM  of  hydnehlorie  acid  to  the  Rir ;  by  mixing  the  aamo  flolntion 
vith  %  solution  of  dichloride  of  copper:  or  bv  ngitating  the  Utter  with  A  mudl 
qmntity  of  ct^per^filingB.     It  i«  ft  divrk  brown  liquid.     (Prouet) 

Ammonio-cuproiu  CUorid*, — Monochloride  of  copper  forms  a  coloar!e«i  solution 
with  equeotu  ammoiua,  from  whieh  potaeh  throwe  down  cuprona  hydrate,  provided 
the  amraosia  ie  not  in  too  great  exceea. 

CUoritU  of  Cuvnmtm  and  Ammmitim. — The  eolntion  of  cuprous  chloride  in  etnmg 
hydrochloric  acid  mixed  with  imaU  qaantities  of  aaunonla,  deposits  transparent 
crystals  which  appear  to  be  ciibc«  (G  m  t?  1  i  a).  A  simihkr  eompoand  is  likewise  nirmed 
when  a  solution  of  sal-ammoniae  in  which  copper  is  LnniMftaed  is  exposed  to  the  air. 
(BeequereL) 

ChUrids  of  Cttprofmm  and  Pataxnum,  4KCLCn»Cl*,  is  produced  when  caproos  chlo- 
ride, as  obtained  by  mixing  its  hydrochloric  add  solution  with  water,  or  by  precipitating 
a  cuprous  salt  with  stannous  ddoride,  is  boiled  with  a  small  quantity  of  water,  ana 
mixed  with  chloride  of  potsasinm  as  long  as  the  latter  rontinttes  to  disaolre.  The 
solution  on  cooling  deposits  cubic  crystals.  Becqnerel,  by  the  electrolytic  method  de- 
aeribod  at  page  53,  obtained  tctrahedral  crystals  of  the  same  or  similar  constitution  ; 
also  the  coirespondjng  barium-»alt. 

Chloridt  of  Cuprotum.  and  Sodium. — Cuprous  chloride  diosolTes  rerr  readily  in 
solution  of  oommoa  salt,  and  on  eraporating  the  liquid  in  vacuo,  the  double  salt  crys- 
tallises out;  with  difficulty,  however,  on  account  of  its  great  solubility.  Potash  throws 
down  cuprous  oxide ;  ferrocyanide  of  potaMJum  j'ielda  a  whit*  precipitate. 

COVPBS,  SUTXCTXOSr  AJTD  8STXBCATXOV  OF.  1.  Reaction$  in  the 
Dry  Way. — Copper  and  its  compoonds  impart  a  green  colour  to  flame. — The  black 
oxide  of  copper  diasolvea  by  fusion  in  a  vitrt'ous  flux,  and  produces  a  green  glass.  Any 
compound  of  copper  i^ised  with  borax  in  the  oxidising  fl^e  of  the  blowpipe  forms  a 
transparent  glass,  whieh  is  green  while  hot^  but  assumes  a  beautifal  blue  colour  when 
cold.  In  the  reducing  flame,  the  glass  becomes  opaoue,  and  covered  on  the  surface 
with  liver-coloured  streaks  of  cuprous  oxide,  or  metallic  copper.  This  last  reaction  is 
somewhat  difficult  to  obtain,  espedally  when  the  quantity  of  copper  is  small,  but  it 
may  always  be  ensured  by  fhsing  a  small  piece  of  metaluc  tin  in  the  bead.  Cop^wr 
salts  mixed  with  carbonate  of  sodium  or  cyanide  of  potassium,  and  heated  on  charcoal 
before  the  blowpipe,  yield  metallie  copper.  The  oxides,  carbonates,  nitimtes,  and 
organic  salts  of  copper  are  reduced  on  charcoal  without  the  aid  of  nn  alkaline  flux. 

2.  Heactiont  in  Solution. 

a.  Of  Ct^rie  salt*,  —  These  salts  in  solution  hare  genorally  a  sky-blue  colour ;  a 
strong  solution  of  the  chloride  is  green,  but  becomes  blue  on  dilution  with  water. 
Ckippor  is  separated  in  the  metallic  state  firom  its  salts  by  rinc,  iron^  lead,  and  the 
nora  oxidable  metals,  which  are  dissolved  and  take  the  place  of  the  former  metal 
Also  by  phosphorus  from  a  solution  of  the  sulphate  or  nitrate,  and  from  a  dilutA 
•ohition  of  cupric  chloride ;  but  in  a  strong  solution  of  the  latter,  phosphorua  first 
pvoduces  a  white  precipitate  of  cuprous  chloride,  and  then  becomes  blackened  from 
formation  of  phosphide  of  copper.  Wood  precipitates  metallic  copper  firom  its  solu- 
tions after  long  contact  Copper  is  likewise  easily  precipiitated  firom  its  solution  by 
electrolysis,  as  in  the  electrotype  process. 

Stdpk^rie  acid  and  aJkaltne  sM/pkides  throw  down  a  brownish-black  precipitate 
of  nrotosulphide  of  copper,  insoluble  in  sulphide  of  potassium  or  sodium,  slightly  so- 
luble  in  Bulphidti  of  ammonium. 

Potask  or  soda,  added  to  the  solution  of  a  cupric  salt,  throws  down  at  first  a  light 
blue  precipitate  c^  bydrated  cupric  oxide,  which,  however,  on  agitation,  takes  up  a 
portion  of  the  undecomposed  salt  **^^  forms  with  it  h  green  basic  salt  Au  excess  of 
the  alkali  throws  down  the  hydrate  in  bulky  blue  flakes,  which,  on  boiling  the  mix- 
ture, collect  tether  in  the  form  of  a  black  powder,  consisting  of  the  anhydrous  oxide. 
This  reaction  is  greatly  modified  by  the  presence  of  Jijred  organic  subatanct*,  such  as 
sugar,  tartaric  acid,  &c  In  a  solution  of  sulphate  of  copper,  containing  such  sub- 
stances in  sufficient  quantity,  potash  eithtr  prodocoa  no  precipitate,  or  one  which  is 
quickly  redissolved,  forming  a  blue  solution  ;  and  from  this  solution,  when  boiled,  the 
copper  is  sontedmes  wholly  precipitated  as  red  or  yellow  cuprous  oxide,  as  when 
gr^w-sngar  is  pvewnt,  or  partially,  as  with  cane-sugar,  or  cot  at  all,  as  with  tartaric 
odd. 

Ammonia,  added  "bj  degrees,  and  with  constant  agitation,  to  the  solution  of  a  cupric 
salt,  flrst  throws  down  a  green  basic  salt,  and  afterwards  the  blue  hydrat«:  an  excess 
of  ammonia  dissolves  the  precipitate,  forming  a  deep  bloe  solution.  A  copper  solution 
diluted  so  far  as  to  be  colourless,  becomes  dutinctly  blue  on  the  addition  of  ammonia. 
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Thn  Urie  colour  ihna  produced  is  still  visiliW',  according  to  LaBsaSgne,  in  a  Bolatinn 
oontivininf;  1  pt  of  copper  in  100,000  vU.  of  liquid. 

Carbonate  of  potojuittm  or  todium  torowH  dowu,  vrith  evolution  of  carbonic  acid,  a 
f^enish-blue  precipitate  of  a  basic  carbonate  of  copper,  vhich,  on  boiling,  is  con- 
Terted  into  the  black  oxide.  dsrAonoto  of  ammonium  produce*  the  same  precipitate, 
but  when  added  in  exceos,  disaolT«8  it  abnndaatly,  forming  a  bine  aolution. 

Cyanide  of  potassium  cansea  a  yellowish  frnen  precipitate  of  cnpric  cyanide, 
soluble  in  excess  of  the  reagent :  hydrochloric  acid  throws  down  white  cuprous  cyaDid<> 
from  this  solution,  soluble  in  excess  of  acid :  sulphydric  acid,  or  sutpliidL-  of  ammoaiuai 
produces  no  prcci]pitate. 

Fcrrvtj/anidt  oj  potaggium  forms  with  ctipric  salts  a  deep  chocolate-coloured  preci- 
pit^itc  of  ferrocyanide  of  coppw.  To  very  thlut<>  Bolntions  it  imparts  a  reddish  ooloar. 
'  which  is  even  more  delicate  in  its  indicatioas  than  the  ammonia  reaction,  being  atill 
■ible  in  »  aolution  coEtaining  1  pt,  of  copper  in  400,000  pts.  of  liquid,  according  to 
^  liMiitiK  and  in  1,000,000  pts.  according  to  SorzeaiL  Ferrocjanido  of  copper  di»- 
•olTes  in  aqueous  ammonia,  and  reappears  wheu  the  ammonia  is  evaporated.  This 
reaction  serves  to  detect  eitromely  small  quantities  of  copper,  even  when  associated 
with  other  metals.  Thus,  if  a  solution  contu-iniog  copper  and  iron  be  treated  with 
excess  of  ammonia,  a  fow  drops  of  ferrocyanide  of  potnssium  added,  the  liquid  filtered, 
and  the  filtrate  left,  to  eraporate  in  a  small  white  porcelaLn  capsule,  ferrocjanide  of 
eoppcr  will  be  left  behind,  exhibiting  its  chui-acteristic  red  colour  (Warington, 
Cht^m.  Soe.  Qu.  J.  v.  137).  lodid«  of  potoMium  added  to  cuprie  salts  forms  a  yellow 
prtvipitate  of  cuprous  iodide,  with  separation  of  iodine.  Cuprio  salts  are  completelT 
[  rcHJuced  in  cuprous  salts  by  aikalinr  sulphites^  partially  by  free  sulphorona  aeio. 
MitposiiJphitrg,  at  the  boiling  heat,  throw  down  sulphide  of  copper. 

iS.  of  Cuproui  wdU. — But  few  of  these  salts  are  capable  of  existing  in  solution. 
Cuprous  oxide  is  decomposed  by  non-oxidising  acids,  such  us  sulphuric,  pbospbooric, 
oxalic,  acetic,  and  even  by  dilute  nitric  acid,  into  metallic  copper  and  a  cnpric  salt, 
and  is  oxidised  by  strong  nitric  acid,  yielding  ciipric  nitnit*^.  Hydrochloric  add 
added  in  small  quantity  to  cuprous  oxide  convert-s  it  into  white  cnprous  chloride, 
wliich  dissolves  in  a  larger  quantity  of  the  strong  acid,  forming  a  solution  which  i& 
eolourless  if  quite  pure,  but  generally  has  a  brown  tint,  due  to  the  projence  of  a  amall 
quantity  of  anhydrous  cuprie  chloride;  oo  exposure  to  the  air,  it  gradually  tonia  green. 
Tlifi  colourless  or  brownish  solution  exhibits  tlie  following  renctions:  — 

WaU^  added  in  suffirient  quantity  throws  down  a  white  precipitate  of  cuproos 
chloride,  this  compound  being  soluble  only  in  strong  hydrochloric  acid. 

Caustic  jwtask,  added  in  small  quantity,  noutraliflcs  the  free  acid,  and  precipitates 
the  white  cufirous  dJonde  ;  in  larger qumitlty  it  forras  a  brownish-yellow  precipitate*  of 
cuprous  hydnite,  insolnble  in  excess  of  fxstash,  Boluhlo  in  a  lai^ge  quantity  of  anunonia; 
when  cxpoEsed  to  the  air,  it  gradually  tumn  black. 

Ammonia  in  excels  forms  a  colourless  solution,  which  graduidly  turns  blue  on  expo- 
sure. Potash  added  to  this  ammoniscal  solution  throws  down  the  brownish -yellow 
hydrate,  pr<7vided  the  quantity  of  ammonia  present  is  not  very  large  in  proportion  to  the 
potash.     Carbonate  of  ammonium  acta  in  like  miinner. 

The  earhonatrs,  l>otb  neutral  and  acid,  oipoiasaiwn  and  sodium  form  a  yellow  pre- 
dpitate  of  cuproos  carbonate. 

Iodide  of  pota$num  forma  a  white  precipitate  of  cuprous  iodide,  without  liberatioa 
of  indine. 

Huiphydric  acid  produces  a  black  precipitate  of  cuprous  sulphide.  Ailudine 
tidphides  produce  the  same  precipitate  in  solutions  previously  saturated  with 
ammonia. 

Zinc  and  iron  precipitate  metallic  copper. 

Cuprous  solutions  are  formed  hy  treating  the  solutions  of  cuprie  salts  with  alkaline 
gulphitea  Free  sulphurous  acid  produces  but  a  partial  deoxidation  and  decoloration, 
even  after  prolonged  boiling,  the  product  formed  being  a  cuproso-cnpric  sulphat^ 
which  sometimes  separates  in  red  crystals;  but  if  potash  or  ammonia  bo  likewise  added* 
tlio  solution  becomefl  quite  colourless  even  in  the  cold,  and  contains  a  double  solphato 
of  cnprosnm  and  the  alkaU-metaL  This  colourleas  solutioii  behaves  with  amtnonia, 
and  the  other  reagents  above  mentioned,  in  the  same  manner  as  the  solution  of  cnprous 
chloride  in  hydrochloric  acid  (excepting  that  it  is  not  decomposed  by  dilution ),  and 
yields  with  cyanide  of  potasfium  a  whit*  precipitate  of  cuprous  cyanide,  which  dis- 
solves in  excess  of  the  reagent,  fonniog  a  solution  which  is  not  precipitated  by  sul- 
phide of  eumnonium. 

Cuprous  salts,  especially  the  solution  of  the  chloride  in  hydrochloric  acid,  quickly 
alj*rtrb  carhovic  oride  gas.  The  solution  of  the  chloride  saturated  with  this  gas  is  not 
precipitated  hy  water,  or  even  hy  ateohnl.     (Leblanc.) 

Marsfi-gat  is  likewise  absorbed  by  the  stihition  of  cufrous  chloride. 
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3.  Quantitative  Etlitnation. 

When  copper  ifl  duflolred  in  nitric  add,  and  the  solution  does  not  contain  iiiij 
other  mt^tjil  or  oon-Tol&tUe  snbstADce,  it  ia  sufficient  to  evaponitA  the  solution  lo 
dryncM  in  a  plntinum  or  porceUuD  crucible,  adding  a  slight  excess  of  nitric  acid  to 
nrvrent  redaction  of  the  copper  by  anj  deoxidising  substance  that  may  be  present,  and 
lieot  the  residue  to  redness.  The  copper  then  remains  lu  protoxide,  -which  must  b« 
veighed  immedistely  after  cooling,  with  the  cover  on  the  crucible,  because  it  is  very 
hygroscopic ;  100  pts.  of  the  oxide  conespond  to  79  82  per  cent,  of  copper. 

In  other  cases  the  copper  must  be  separated  by  precipitation.  Tliia  may  be  dona 
in  several  ways. 

a.  By  caustic  potoMh,  -which,  when  added  to  a  boiling  solution  of  a  cupric  salt,  throws 
down  the  copper  as  protoxide,  in  the  form  of  a  heavy  black  powder.  Care  muat  b« 
taken  not  to  add  the  potuah  in  too  great  excess,  as  a  small  quantity  of  the  copper  will 
then  be  retained  in  solution.  The  precipitat«  is  to  be  washed  with  boiling  water, 
then  dried  on  the  filter,  ignited  in  a  porcelain  or  pktinani  crucible,  and  weighed  with 
the  same  precautions  ss  Wore.  As  a  small  quantity  of  the  protoxide  may  have  been 
radoced  by  the  oigaaic  matter  of  the  filter,  it  is  best,  after  weighing,  to  moisten  it 
with  a  few  drops  of  nitrie  acid,  then  ignite  and  weigh  again. 

h,  HypochUtrite  qftodium  may,  in  some  cases,  be  advantageously  nj»«>d  in  place  of 
eaustic  alkaUs,  to  precipitate  copper  as  protoxide.    (Field,  Cavm.  Soc.  J.  xiv.  1&9.) 

e.  When  other  metab  are  present,  it  ts  often  necessary  to  precipitate  the  copper  as 
■nlphide,  by  nUpkydrie  aei/L  In  tbia  case  the  precipitated  sulphide  must  be  washed 
as  quickly  as  possible  with  water  containing  sulubydnc  acid,  to  prevent  oxidation.  The 
precipitate  may  then  be  dried,  and  the  fiitei*  burnt  with  the  precipitate  on  it,  after 
which  the  precipitate  is  treated  with  strong  nitrie  acid,  whicli  aissolves  it,  with  sepa- 
ration of  sulphur,  and  the  copper  is  precipitated  from  the  solution  by  potash  as  above. 
The  chief  precaution  to  be  attended  to  in  this  process,  is  tii  wash  the  precipitated  sul- 
phide (^nimy,  and  to  preserve  it  as  completely  aa  possible  from  contact  with  the  air, 
othermso  tlie  sulphide  becomes  partially  oxidised  and  converted  into  sulphate,  which, 
being  soluble,  runs  through  the  fllt^ ;  when  this  takes  pbce,  the  filtrate  becomes  brown, 
because  the  copper  thus  carried  through  is  again  precipitated  by  the  sulphyUric  acid 
in  the  filtered  liquid. 

From  neutral  or  alkaline  solutions,  copper  may  also  be  precipitated  by  tulpkide  of 
amrnonium,  but  this  method  is  not  quite  so  exact,  because  sulphide  of  copper  is  slightly 
»r>lublo  in  that  reagent,  and  the  precipitate  oxidises  more  quickly  than  that  formed  by 
suJohydric  acid. 

a.  By  zinc  or  iron.  A  very  exact  mode  of  estimating  copper  is  to  precipitate  it  from 
ita  solutions  in  the  metallic  state  by  meani  of  pure  rinc.  The  solution,  which  may  con- 
tain Kulphuric  or  hydrocMoric  add,  bat  should  be  free  from  nitric  acid,  is  placed  in  a 
platinum  capsule  orcracible,  previously  weighed;  a  piece  of  zinc  lurge  enough  to  pre- 
cipitate all  the  copper  is  iimnersed  in  it ;  and  if  the  gelation  is  n«?utrHl,  hydrocfdoric 
acid  is  added  in  sufficient  quantity  to  produce  a  moderately  briek  dieenjragement  of 
hydrogen,  the  Tessel  being  covered  with  a  watch-glaes,  to  prevent  Bplaehing.  The 
copper  is  immediately  precipitated,  partly  on  the  platinum  in  a  compact  layer,  partly  in 
the  spongy  form.  As  soon  as  all  the  zinc  appears  to  be  dissolved,  the  precipitate  must 
be  pressed  in  different  parts  with  a  gloss  rod,  to  make  sore  that  there  are  no  little 
lamps  of  sine  remaining ;  the  complete  solution  of  the  sine  may  be  insured  by  adding 
a  Urn  drros  of  hydrochloric  acid,  and  observing  whether  any  fkizther  evolution  of  hy- 
drogen taxes  place.  The  clear  solution  is  now  to  be  decanted,  and  a  drop  of  it  tested 
for  copper  with  ferrocyanide  of  potassium :  if  no  coloration  takes  place,  the  precipitated 
copper  may  be  washed  with  hot  water  by  decantation,  till  the  wash-water  no  longer 
gives  a  cloud  with  nitrate  of  silver ;  the  greater  part  of  the  water  in  the  cmciblc  is 
then  poured  off,  as  much  as  possible  of  the  ri'mainder  taken  up  by  filter-paper,  and  tlie 
precipitated  copper  dried  as  rapidly  as  possible  at  KHFO.,  then  left  to  cool  and  weighed. 
The  preoipittttian  may  also  be  performed  in  a  glass  or  porcelain  roMd,  but  it  is  not  so 
rapid  as  in  platinum ;  it  migh^  however,  be  accelerated  by  inserting  a  piece  of  pLiti- 
nnm  foil. 

This  process  gives  Tery  exact  results,  prorided  the  zinc  used  is  perfectly  pure ;  if, 
on  the  other  hand,  the  zinc  contains  lead,  or  any  other  metal  that  will  not  dissotre  in 
hydrochloric  acJd,  ihut  mt-talwill  mix  with  the  precipitated  copper  and  vitiate  the  re- 
sult. It  is  necessary  also  to  avoid  using  a  piece  of  rinc  much  lar^^er  than  is  necewuir}-, 
as  in  that  eaae,  after  all  the  copper  is  precipitated,  an  electric  circuit  may  be  formi>d 
between  this  copper  and  the  remaining  zinc,  which  may  cause  a  small  portion  of  llio 
diiwolred  rinc  to  be  deposited  on  the  copper  in  the  metallic  state,  and  to  mix  itself 
Nj  intimately  therewith,  •»  to  ren»b-r  its  subsequent  separation  by  hydrochloric  acid 
viry  ^Ufiirolt.     (H.  Rose,  Chiinit  Analytic,  ii  257.) 
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Iron  in  not  so  good  a  precipitant  m  sine,  l)«cau8e  it  alwajs  contains  carbon,  whieli 
romiuns  undisaolyed  and  increasca  the  weieht  of  tbe  pr<H;ipit4ited  copper    (Rose). 

f  H<)r)K>ver,  unleaa  a  certain  excess  of  hydrochJoric  acid  ia  present,  basic  Bslts  of  iron 
arc  wore  to  be  formed,  which  remain  with  the  wippHP  and  iD(^jva8e  its  weight ;  and,  on 
thu  other  hand,  if  much  free  hydrochloric  acid  is  present,  a  p(.>rtion  of  the  precipitated 
Clipper  18  likely  to  be  diaaolTed  in  the  form  of  cuprous  chloride.  (Field,  Chemical 
Kcws,  i.  62.) 

e.  Other  modei  of  preeipitation. — The  following  roetboda  hare  been  recommended, 
but  their  resulta  are,  on  the  whole,  not  to  be  depended  npon  «o  much  ue  those  of  the 

[  jnethods  prenoosly  given,  a.  By  sulphocyanate  o/potauium,  in  a  nentral  or  alightlj 
acidulated  Bolntion  of  copper,  provioasly  treated  with  an  alluUne  milphit*,  to  reduce 
the  cupric  salt  fo  a  cuprous  salt  The  preciintate.  afti-r  being  left  to  settle,  is  collected 
on  a  weighed  filter,  wa«hed,  dried  at  lOO**  C.,  and  weighed,  the  copper  being;  calculated 
from  the  weight  of  tbe  cuprona  aulphocyanate,  (Cu')'C*N'S',  which  contains  62-6  per 
eent  coppej-  (fi  i  vo  t).  According  to  Ro » c,  the  method  is  not  quite  exact,  because  tbe 
snipbocyanate  of  copper  is  slightly  soluble  in  water.  JB.  By  boiling  the  cupric  solution 
with  hjmottUphite  of  sodium.  The  copper  la  then  completely  preapitated  a^  snlphide, 
providod  the  quantity  of  the  resgent  added  be  only  just  what  is  required;  but  an 
excess  retains  a  portion  of  the  copper  in  aolufcion  as  cuproso-potacaic  hTpaeolphitc:. 
The  method  is  therefore  very  uncertain,  y.  By  iodide  of  potojtsium,  which  thn>»9 
down  cuprous  iodide ;  but  the  precipitation  is  never  complete.  8,  By  introducuig  s 
weighed  piece  of  motaUic  copper  into  a  solution  of  a  cupnc  salt  supersaturated  with 
aminania,  and  diluted  with  d e-aerated water, so  aa  tocompletelyflUthecontainingveaael, 
whIcJj  IB  tlien  lightly  closed.  Afluantity  of  copper  is  thereby  dissolvt^d  juat  suffieient 
to  convert  the  cupric  oxide,  CuO,  in  the  solution  into  cuprous  osidp,  Cu'O,  —  that 
is  to  say,  a  quantity  equal  to  that  which  previously  existed  in  the  solution.  Hence, 
if  the  copper  plate  be  weighed  after  the  reaction  is  complete,  the  loss  of  weight  gives 
t!ie  quantity  of  copper  in  the  original  solution.  This  method,  given  by  Levol,  is  a 
mwlificationof  Fuchs'fl  method  of  est imating  sesquioxide of  iron.  (See  Iron,  Ssrnca* 
Tiox  OF.)     According  to  U.  Rose  {CJumie  Analyiiqtte,  iL  250),  the  quantity  of  copper 

'  which  it  gives  is  always  too  large. 

When  copper  exists  in  solution,  in  the  form  of  a  cuprous  salt,  it  may  be  oxidised 
by  nitric  acid,  and  then  precipitated  by  either  of  the  methods  above  given. 

If  a  solution  of  copper  contains  oi^inic  matter,  but  no  fixed  inorganic  subtitaBce,  it 
may  be  evaporated  to  diyness,  then  calcined  in  a  current  of  air,  to  bum  off  the  organic 
matter  and  oxidise  the  copper,  which  may  then  be  moistened  with  a  drnp  of  nitric  acid, 
ignited,  and  weighed ;  or  the  organic  matter  may  bo  destroyed  by  either  of  the  pio- 
eesses  gtren  m  connection  with  arsenic  (I  366). 

VelMmeirie  Mcikod$  of  estimating  Copper. 

Parkre't  mrihod,  by  cyanide  of  potassium  {Miniruj  Journal,  1851).  —  When  a 
sclution  of  cyanide  of  |x>tas.sium  is  slowly  added  to  a  blue  ammoniacal  solution  of 
cofvper,  the  colour  gradually  beccmcji  fainter  and  ultimat<-ly  vanishes,  in  consequenc* 
(it  the  formation  of  oipro-eyanide  of  ammonium.  The  ren-iction  is  complicated,  serenJ. 
dnuble  cyanides  of  copper  and  ammonium  being  formed  at  fu-st,  but,  according  to 
Mohr,  the  ultimate  result  is  the  formation  of  the  compound  CttCy'.2NH*CT,  containiof 
4  »it.  cyanogen  to  I  at.  copper.  On  this  supposition,  each  atom  of  copper  (63-4  gra.)  in 
tlie  solution  will  require  4  at.  cyanide  of  potassium  (4  +  65  —  260  grs.)  to  precipitate  it. 

To  standardise  the  solution  of  cyanide  of  potassium,  a  known  weight  (6  to  10  grs.) 
of  pure  electrotype  copper  is  dissolved  in  nitric  acid,  the  solution  boiled  to  exT>e'l  nitrons 
fumes,  then  diluted  with  water  to  about  half  a  pint,  and  trt-ated  with  ammonia  in 
excess  ;  and  In  tJie  resulting  blue  liquid,  the  solution  of  cyanide  of  potassium  is  gnir 
dually  added  from  the  Imrvtte.  till  the  deep  blue  colour  is  almost  disefaatg«d  and  is 
replaced  by  a  faint  like  tint  It  is  then  left  to  stand  for  about  twenty  minnteo,  and  if 
the  colnur  does  not  completely  disappear,  a  little  more  of  the  cyanide  solution  must  be 
utlded  frum  the  burette,  and  the  liquid  sgain  leil  to  stand  till  the  colotir  has  disap> 
p.»artd.  The  number  of  burette  division.-!  of  the  cyanide  solution  added  will  gire  the 
value  in  n-ipijer  of  a  giTiin-measiuH*  (or  of  a  cubic  wntimetre)  of  the  solution.  Thus, 
suppose  thiit  200  divisions  of  the  burette  are  equal  to  1000  grain  measures,  and  that 
H7'5  divisions  of  the  solution  are  required  to  decolorise  a  solution  containing  7-6  pr^inm 

of  copper;  then  200  such  diraions  would  decolorise  a  soktioQ  of  r^-:  .  7-5  «  10-17 

grains  of  copper.  By  repeating  tiiis  determination  two  or  three  times  with  different 
quantities  of  copper,  the  mean  value  of  200  burette  divisions  may  be  found.  It  is 
convenient  to  dilute  the  solution,  so  that  200  burette  divisions  shall  corr«Riond 
exactly  to  10  grains  of  copper. 
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The  ituidArd  BolaHon  of  eyantdo  thna  obtained  i«  to  b«  applied  in  wuirtly  tho  mm* 
mnnner,  to  ot«ttmate  the  amoiint  of  pnpp<«r  in  any  pivcn  Mjlntion.  ThtiB,  siippoM 
37  xn.  of  a  copper-allor  to  b«  dinHolved  in  nitric  acid,  and  that  t)ie  aolution  treated 
with  exeem  of  ammonia  i»  dccoloriwd,  as  abovp,  by  320  burette  divisions  of  tho 
ataodard  eyniadt  solution ;  then  the  quantity  of  copper  in  tho  37  gnu  of  alloy  is 

J  -- 10  =  18  gra.,  and  the  percentage  of  copper  is  37  *  100  -  ^32  par  cent 

This  method  la  rery  extensively  nacd  for  the  aasnying  of  copper  orea.  When  care- 
liilly  perfonned,  it  will  give  the  amount  of  copper corrvctly  within  0*1  or  02  per  cent. 
It  htm  alao  the  great  adrantage  of  not  being  vitiated  by  the  presence  of  iron  in  tho 
■olution.  When  this  metal  is  present,  the  cyanide-solution  should  be  added  to  the 
■mnioniacal  liquid  without  filtering  off  the  nupmditl  frrric  oxidr ;  for  this  oxide  hold* 
an  ammoniacu  aolntioD  of  copper  with  such  tenacity,  that  it  cannot  be  completelj 
separated,  even  by  Mreral  bom  washing  with  bittiling  water.  The  method  may  also 
be  appUed  to  the  ectimatum  of  coi>per  alloya  and  mincmla  containing  tin,  antimony,  or 
anenie,  but  not  to  such  a«  contain  nnc,  nicke],  cobalt,  manganese,  or  silver,  beouisa 
these  metals  likewise  form  double  eyanidaa.     (Field,  Cheminil  News,  i.  25.) 

Fdovs^M  method,  by  solpbide  of  sodinm,  — The  copper  being  dissolved  in  an 
arid,  theaolottoo  ia  treated  with  cxcraa  of  ammonia;  and  to  tho  deep  blno  solation 
thoa  formed  a  aolntioo  of  sulphide  of  sixlium,  of  definite  atrength,  is  added.  The 
eupp«r  is  thereby  precipitated  in  the  form  of  an  oiysulphide,  CuO.SCuS,  By  adding 
tiu?  alkaline  sulphide  cautiously,  it  is  ejuy  to  catch  the  precise  moment  when  all  tho 
eopfier  ia  preeipitated.  becane  the  liquid  at  the  same  time  becomea  eolonrlesa.  The 
quantity  of  the  eolation  of  the  alkaline  sulphide  used  Indicates  the  quantity  of  copper 
pre«i'nt. 

The  exactnees  of  this  method  is  not  diminished  by  the  presence  of  iron,  ainc,  cad- 
mium, tin,  lead,  or  antimony,  because  the  sulphide  of  sodium  does  not  begin  to  aet  on 
these  metuls  till  the  copper  is  completely  preeipitated ;  it  is  essential,  however,  that 
the  iron  be  wholly  b  tne  state  of  sesquioxide.  It  is  not  necessary  to  separate  the 
|nvcipitAto  which  aotne  of  thcee  metahi  yield  on  the  addition  of  ammonia,  unlcw, 
indcad,  it  be  very  copious,  in  which  case  it  might  di!»piiisc  the  colour  of  the  liquid. 
But  the  proccaa  is  vitiated  by  the  presence  of  cobalt,  nickel,  mercury,  or  silver ;  silver, 
however,  and  mercury,  if  in  the  state  of  merrorous  oxide,  may  bo  easily  SL'parated  by 
hydrochloric  add.  Acrording  to  some  chemuts,  this  process  ia  liable  to  uncertainty 
from  two  eansee:  lat.  Because  the  oi^olshide  ot  oo^xr  redueee  a  portion  of  the 
protoxide  tn  hemioxide,  thereby  rendering  tne  solution  colourleas  before  the  precipita- 
tion is  complete ;  2ndly.  Because  a  porfiun  of  the  sulphide  of  sodium  is  oxidised  and 
converted  into  hyposulphite.  Aecordinc  to  Field,  however  (ChcmicAl  News,  L  62),  the 
proceaa  ia  very  aeeurate,  though  »ome«  hnt  tediouA 

F.  Mohr's  method.  —  The  coppcrwwmponnd  having  beien  weighed  and  dissolved  in 
add,  is  mixed,  in  a  porcelain  basin,  with  neutral  tartrate  of  potaasinm  and  exceaa  of 
caustic  potash,  and  then  heated  with  a  quantity  of  ni  i  Ik-sugar  or  ho  ney.  auffidentto 
pr««cipitate  all  the  copper  as  cuprous  oxide,  the  cnmpletion  of  the  pr^fripifaticn  being 
indicated  by  tbo  brown  ooloiur  which  the  liquid  thou  ao<r|nires.  The  precipitated 
cnprooB  oxide  is  then  filtered,  washed  with  hot  water,  and  gently  hc-*»t»tl.  together 
with  the  filter,  with  a  mixture  of  pur*  ferric  c  hloride  and  dilute  hydrochloric  acid. 
It  ia  thereby  diaaolved  in  the  fonn  of  dichloride  of  copper,  the  trichloride  of  iron 
being  at  the  same  time  redtured  to  dichloride : 

Cu'O  +  F*»Cl«  +  2HCI  -  2CuCl«  +  2FeCl»  +  WO. 

In  iho  filtered  liquid,  diluted  to  a  convenient  strength,  and  heated  to  about  30'^  C, 
the  quantity  of  iron  in  the  state  of  dichloride  is  determined  by  a  graduated  aolntioa 
of  permanganate  of  potaasinm  (see  Ibom): 

K«Mn'0»  +  lOFea*  +  I6HCI  »  2KC1  +  2MnCT»  +  6Fe«Cl-  +  SH'O; 
and  thence  the  equivalent  quantity  of  copper  is  readily  determined.     The  preeence  of 
lead,  fine,  biamutn,  manganese,  or  iron,  in  tiie  alkaline  solution  doea  not  interfere  with 
tlte  proovsa:  silver  or  mercury  must  be  aqiazated  before  the  pvedpitation  of  the 
cuprous  oxide.     (See  L  264.) 

Trriir»  method  (Compt.  rend^xlvL  230). — This  is  similar  to  the  preceding,  excepting 
thnt  the  reduction  of  the  cupric  to  cuprous  oxide  is  effectefi  by  adding  a  solution  of 
mlphite  of  sodium  to  the  copper  polution, previously supen^aturjited  with  ammonia. 
The  oxo«*«8  of  ,'^ulphumua  acid  is  then  expelled  bj  boiling  with  hydixxhloric  acid,  and 
the  copper  estimnted  by  mcan^  of  i^oMiuichkirido  of  iron  and  perTnanganate  of  potaa- 
sium  i\s  nljovc.  Tliis  method  \?  easier  of  execution  than  the  preceding,  inasmuch  as 
gni|M>-sug»r  is  difficult  to  wjisli  from  the  cuprous  oxide. 

t\  l^vAr's  method, — The  copper  is  precipitat«dfrom  its  neutral  solution  by  met  allig 
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iron  (CoSO*  -i-  Fe  —  FeSO*  +  Cu),  and  the  amoaat  of  iroo  ia  the  bolution  e«ti> 
mated  by  means  of  pomiangaoate  of  potnasiuin. 

StHtnvmti**  iMthoi.—  The  copper  is  also  precipitated  by  iron»  but  the  precipit«t« 
IB  waahed  and  diBBolvfd  io  ferric  chloride  (Fe'Cl*  ^-  Cti  =  2FeCl«  +  CuCl'\ 
and  the  iron  is  detorminod  by  perman^nat«  of  potawium.  This  metliod  givea  good 
reiialta.  C.  Mohr  b  process  is  less  exact,  and  is  quite  inadmiaBtble  when  iron  ia  alao 
pWMont,  aa  in  tbe  grealCT  tjumljer  of  copper  ores. 

8trm^$  method. — Tbe  cupric  oxido  in  the  solution  is  reduced  to  coproua  oxide  by 
grape-augar ;  the  procipitntocl  uxide  is  dissolred  in  hydrochloric  acid  ;  a  solation  of 
fitarch  and  iodide  of  poto&Hium  arc  added ;  and  afl«rwardB  a  Htandard  eolution  of 
acid  chromate  of  potassinm^  till  a  blue  coloor  is  produced,  indicating  that  the 
chromato  ia  in  ezcesi: 


8Cu*0  +  2CrO«  -  6C3uO  +  Cr»0*. 

The  Btaount  of  copper  is  calculated  by  the  forronJa : 

^  ^  100  . «? .  (7.  6Co  _  37920  .e,C., 
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where  C  denotes  the  number  of  ^rain-measure  of  the  chromic  solution  lued;  0  tiM 
quantity  of  acid  chromate  of  potasgium  in  1  grain.measuro  of  the  solution  ;  A  th» 
weight  of  the  cupriferous  snbHtance  diMtioIved  ;  and  x  the  rofjuirwi  percentage  of  copper. 
Brown's  method. — The  copper  solation  is  treatod  with  iodide  of  potassium, 
whereby  cuprous  iodide  is  precipitated  and  iodino  set  free  : 

2Ci](N0»)»  +  4KI  =  Cu'P  +  4KN0»  +  P: 

and  the  free  iodine  is  removed  by  means  of  a  standard  solution  of  hyposulphite 
of  sodium,  whereby  iodide  and  tetratliioDato  of  sodium  are  produced  : 
2Nu-S«0*  +  I«  -  2NaI  +  Na«S«0«. 

The  foppor-compound,  if  solid,  an  alloy  for  instance,  is  disMolvt-d  in  nitric  acid:  car- 
Itonnte  of  sodium  ia  added  till  a  slight  precipitate  is  farmed,  and  the  prtvipitate  ia  no- 
dissolved  in  acetic  acid  (free  nitric  acid  would  vitiate  the  result  by  decomposing  the 
iwlida  of  fiotiwaium).  A  quantitj  of  iodide  of  pota^itun  is  next  added,  equal  to,  at  least 
six  times  the  weight  of  the  copper  to  he  det4>nniiied,  and  then  the  standard  solation  of 
hyjKwulphite  in  quantity  suflBdent  to  remove  the  greater  part  of  the  fi•l^e  iodine,  which 
p<jint  will  be  indicated  by  the  colour  of  the  liquid  changing  from  bro»7i  to  yellow.  Lastly 
a  clear  solution  of  starch  is  added,  and  the  addition  of  the  hyposulphite  is  cautiously 
continued  till  the  blu<?  colour  of  the  iodideof  starch  is  completely  destroyed. — The  solution 
of  hypoflulpbite  of  sodium  is  gradiuit«d  by  dissolving  a  known  weight  of  pure  electrotype 
«^>j'per  in  nitric  acid,  and  proceeding  as  above,  each  atom  of  hyposulphite  correspond- 
intzio  1  bL  fme  iodine  and  to  1  at.  copper,  as  shown  by  the  preceding  equations.  Thit 
mi'thod  of  estimating  the  free  iodine  is  similar  in  principle  to  that  of  Bun  sen  (i.  265). 
If  Ihe  copper-compound  ocntaina  a  large  quantity  of  lead  or  iron,  these  metals  mujit 
be  removed  before  commencing  the  determination,  because  the  yellow  colour  of  the 
iodide  of  lead  and  the  red  of  the  acetate  of  iron  would  interfere  with  the  reeidt  (Cbeni. 
Soc  Qu.  J.  X.  71).  The  presence  of  iron  might  introduce  another  source  of  error,  via. 
that  the  s*sqmoiido  of  iron  would  be  partidly  deoxidised  by  the  hyposulphite  of 
Hodium.  The  estimation  of  copper  by  diia  method  ia  many  alloys  is  very  rapid  and 
trus^lra^thy. 

Firld'a  mtthod, — This  process  also  depends  upon  the  renction  of  iodine  on  cnprons 
Sidle,  When  a  solution  of  iodine  in  iodide  of  potassium  is  added  to  the  solution  of  a 
cuprous  salt,  both  the  free  iodine  and  tlmt  which  is  in  combination  unite  with  the  copper. 
Hence,  if  the  solution  of  a  cupric  salt  free  fr*om  nitric  acid  be  reduced  to  the  cuprous 
state,  by  mixing  it  with  sulphite  of  sodium,  the  excess  of  sulphnrona  acid  then  expelled 
by  boiling  with  hydrochloric  acid,  the  solution  mijced  with  starch  when  cold,  and  a 
stfludard  solution  of  iofliiie  in  iixlide  of  potassium  added  from  a  burette,  cuprms 
iodide  will  be  precipitated ;  and  where  thp  two  »oliatioi]i«  totich,  a  bright  blue  rinjj  will 
be  formed,  which  disappears  at  first  on  agitation,  but  becomes  permanent  when  the  de« 
composition  is  complete  An  objection  to  this  proce*«s,  Iiowover,  appears  to  be  that 
the  cuprous  iodide  has  a  great  influence  on  the  colour  of  the  iodide  of  starch,  rendering 
it  pnler  and  less  distinct.    {Chentiail  NfV's,  i.  74.) 

iScAr/fs  method. — This  method  is  fnnnded  on  the  fact  that  s  solution  of  seaquichlo- 
ride  of  iron  mixed  with  cuprous  chloride  is  not  coloured  red  by  sulphocyan  ate  of 
potasKJ  nin.  Hence,  if  a  cupric  solution  be  boiled  with  grape-sugar  and  alkali,  till  all 
the  copper  is  precipitated  as  cuprous  oxide,  and  this  oxide  be  dissolved  in  hydro- 
chloric acid,  the  amount  of  copper  contained  in  it  may  be  determined  by  adcboc  « 
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■tendard  solation  of  ferric  chloride,  till  a  drop  of  the  liquid,  placed  on  a  white  plate^  ia 
midi'ji«d  bj  Bolphocjatiat«  of  potaaiium. 

The  same  method  is  appUcaole  to  the  determination  of  the  amount  of  cuprona  ozid« 
m  a  solution  likewise  ooDtaining  cupric  oxide.     (Ann.  Ch.  Pharm.  cxU.  S72.) 

4.  Separation  of  Copper  from  other  Metal*. 

From  the  metals  of  the  second  and  third  groups  (i.  217),  and  from  all  non-metallie 
elemonta,  except  selenium  and  telltirium,  copper  ii  68811/ separated  bj  auiphjfdrus  aeid, 
which  throws  it  down  as  stilptude.  From  the  metals  of  the  flnt  sroap  (araeoic;  antimonj, 
ttc),  and  from  seleniom  ana  tellurium,  it  mar  for  themoat  part  be  separated  bj  the  inao- 
Inbility  ofitasulphide  in  the  aulpkidea  of  the  alkali -metalt.  Thiaraethod  cannot,  bowerer, 
bo  depended  upon  for  the  separation  of  rerysraaUqnantitieaofar««n«(;and  an/Hnonyfrora 
copper.  Bloxam  has  shown  that  it  is  altogether  fallacious  when  theqaantity  of  arsenic 
present  does  not  exceed  1  per  cent,  of  the  copper.  Of  t  i  n,  much  larger  quantities  ma;  be 
oTerlooked,  if  the  separation  is  based  on  the  solubility  of  its  sulphide  in  sulphide  of 
ammonium.  Aooordine  to  Freaenina,  the  separatioa  of  tin  from  copper  is  more  easily 
efr«t*d  by  digesting  the  sulphide  with  yellow  sulphide  of  sodium  ;  but  to  render  the 
sepuration  complete,  the  dig««tion  must  be  repeated  three  or  four  times. 

Antimony  \»  more  easily  separated  from  copper  than  arsenic  or  tin  by  means  of 
B'alphide  of  ammonium ;  but  the  method  does  not  appear  to  be  capable  of  detecting 
leM  than  0  03  percent,  of  antimony  in  copper. 

Aoconiing  to  Abel  and  Field (Chcm.  Soc  J.  xiv.  290)  the  aeporadoD  of  arsenic 
from  Ltifipt-T  may  be  much  better  effected  by  passing  sulphydric  acid  gas,  to  complete 
siaturAtion,  through  the  solution  of  the  two  metals  mixed  with  excess  of  ammonia  ;  the 
eopper  is  thon  precipitated  while  the  arsenic  remains  in  solution.  In  this  manner  ^ 
per  cent  of  arsenic  may  be  detected  in  copper. 

When  the  amount  of  arsenic  is  not  less  than  0-2  per  cent  it  may  also  be  detected 
by  digrating  the  sulphides  in  strong  sulphide  of  ammonium  for  man;|r  hours, 

For  the  dttection  and  estimation  of  extremely  small  qunntitiiw  of  arsenic  and 
antimony,  such  iu«  arc  oftt'U  m<-t  wirh  in  refined  copper  supposed  to  be  pure  (st-e  Table, 
ii   37),  Abel  and  Field  give  the  following  proce«§. 

Alv»ut  200  prainfl  of  the  metal  are  6.ii-*cAvcd  in  nitric  acid,  a  small  quantity  of  nitrate 
of  trad  is  ndcVl,  equal  to  about  lOgrain^i  of  the  aalt,  and  subsequently  an  exceaa  of 
ummonia  and  carlxinate  of  ammonia.  A  precipitate  is  thereby  formed  which  may  con- 
HL*t  of  oxide,  carl>onate,  arsenate,  and  antimonate  of  lead,  and  oxide  of  bismuth,  the 
whole  of  the  copper  remaining  in  solution.  The  precipitate  is  separated  by  fllfrjition, 
thoroughly  wiwbed,  and  digested  in  a  strong  solution  of  oxalic  acia,  which  dissrOvo*  the 
flrnenio  and  antimony.  The  filtrate  is  mixed  with  suJplude  of  ammooium;  or,  bettor, 
it  VA  rendered  alkaline  by  ammonia  and  sulphydric  acio  gas  passed  into  it  to  saturation. 
Trace*  of  sulphide  of  copper  then  generally  separate  ;  after  thej  have  been  rcmort-d, 
tin.*  filtrate  is  diluted  to  8  o«.,  and  sUghtly  addolated  with  hydrochloric  acid.  If  any 
hirgtT  amount  of  arsenic  or  antimony  is  preaent,  an  immediate  precipitate  will  \>& 
formed  ;  if  not,  the  vessel  should  be  expos^  for  a  few  hours  to  a  temperature  of  H0<* 
to  200^  P.,  when  the  metals,  if  present  will  appear  as  sulphides,  the  precipitate  being 
orange-coloured  or  yellow,  acconiing  as  antimony  is  present  or  absent. 

T))c  precipitated  sulphides  are  oxidised  with  strong  nitro-muriatic  acid,  the  clear 
solution  \A  mixed  with  sal-ammoniac  and  exceaa  of  ammonia,  and  the  ar^enie  is  pnvipi- 
tated  by  sulphate  of  magnesium  oa  ammonio-magnesian  arsenate.  The  liquid  filtered 
from  this  precipitate  is  slightly  acidulated  with  hydrochloric  acid  and  the  antimony 
is  precipitated  by  sulphydric  acid  aa  trisulphide,  to  be  ultimately  determined  as 
tetroxide  (i.  320).  If  the  presence  of  antimony  and  arsenic  has  been  prerionsly  as- 
certained, the  precipitation  of  these  metals  as  sulphides  from  their  solution  in  oxalic 
acid  may  be  i£spen»ed  with,  and  the  arsenic  at  once  precipitated  as  ammonio- 
magnesiao  arsenate. 

A  good  method  of  separating  copper  from  arsenic  in  the  Hnatysis  of  minerals  is  to 
em[»orate  the  solution  nearly  to  diyness.  add  hypochUrite  of  itodium  in  considerable 
excess,  and  boil  for  about  20  minute*.  All  the  arsenic  then  dissolves  as  arsenic  add, 
while  the  coppor  is  left  behind  as  black-oxide.     {Field.  Cheni.  Soc  J.  xiv.  169.) 

From  b  ism  ut  h,  copper  may  be  complefelv  separated  by  cyanide  of  potassium,  which 
precipitates  the  biarauf  !i  -.m  cj'anide,  ana  n-tinns  thecopfwr  in  solution  as  potaasio-cnprie 
cyanide.  If  the  solution  contains  a  large  cxcc>8b  of  a^-id,  it  should  be  nearly  but  not 
quite  neutralised  with  potash  before  the  cyanide  ia  sdded.  The  filtrate  is  boiled  with 
hydrochloric  acid  containing  a  little  nitric  scid,  to  convert  the  copper  into  diloride, 
and  the  copper  ia  then  precipitated  by  potash.  The  two  metals,  if  precipitated  as 
•ulpbtdea,  may  also  be  separated  by  cyanide  of  potassium,  which  diflsolves  the  sulphide 
of  copper  and  leavee  the  sulphide  of  bismuth. 
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If  the  two  metalB  ate  dissolved  in  nitric  acid,  and  no  snlphnrie  add  is  preaent,  the 
separation  may  be  completely  effected  by  adding  hydrochloric  add,  and  then  a  Luge 

Soantity  of  water,  which  throwB  down  the  whole  of  the  bismuth  as  oxTchlonde.  If 
lie  solution  is  very  add,  it  should  first  be  concentrated  by  evaporation.  If  aalphttrie 
add  is  present,  the  separation  must  be  effected  by  qranide  of  potassium. 

The  old  method  of  separating  copper  from  bismuth  by  means  of  carbonate  of  am- 
monia, does  not  give  exact  results,  some  of  the  copper  always  remaining  with  the 
piredpitated  carbonate  of  bismuth,  xmless  the  solution  and  predpitation  are  repeated 
Severn  times. 

When  bismuth  and  copper  exist  together  in  an  allov,  they  may  be  slanted  by 
heating  the  alloy  strongly  in  a  sb^am  of  chlorine.  Chloride  of  bismuth  uioi  passes 
over,  and  mav  be  recdved  in  water,  while  the  copper  remains  as  ftrotochloride,  which 
may  be  dissolved  in  water  addulated  with  nitnc  add,  and  predpitated  by  pota^ 
(H.  Rose,) 

For  detecting  the  suiaII  quantities  of  bismuth  often  found  in  commercial  copper  and 
oop^  ores,  the  following  method  is  advantageous.  The  copper  being  dissolved  in 
nitnc  add,  a  solution  of  nitrate  of  lead  (about  fi  parts  of  the  salt  to  100  of  copper 
dissolved),  is  added,  then  ammonia  and  carbonate  of  ammonia;  the  precipitate  is 
washed  with  ammoniacal  water  and  dissolved  in  acetic  add ;  iodide  of  potassium  is 
added  in  connderable  excess,  and  the  liquid  is  warmed  till  the  pr«npitated  iodide  of 
lead  is  ledissolved.  On  cooling,  the  iooide  of  lead  will  be  deponted  in  CETstalluie 
scales,  which,  if  free  from  bismuth,  are  of  a  pure  gold-yellow  colour,  but  if  biamnth  is 
present,  assume  a  dark  orange  or  crimson  tint  This  test  is  extremelv  delicate,  even 
0*00025  of  a  grain  of  bismuth  in  100  gms.  of  copper  imparting  a  darK  orange  tint  to 
the  iodide  of  lead,  while  0001  gr.  imiMirts  a  redoiBh-brown  tinge,  and  0-01  gr.  a  br^t 
crimson.     (Abel  and  Field,  he.  cit) 

From  lead,  copper  may  be  completely  separated  by  treating  the  solution  with  a 
mixture  of  dilvte  sulphuric  aeid  and  alcohol,  which  throws  down  aU  the  lead  as  sulphate. 
The  filtrate  is  then  boiled  to  drive  off  the  alcohol,  and  the  copper  predpitated  by  sul- 
phvdric  add. 

The  separation  may  also  bo  effected  by  cyanide  of  potasdum,  in  the  manner  above 
described  for  bismuth. 

The  separation  of  these  two  metals  by  carbonate  of  ammonia  is  never  quite  complete^ 
still  less  by  caustic  potash. 

For  determining  the  small  quantities  of  lead  and  bUmuth  found  in  conunerdal 
copper,  Abd  and  Field  give  the  following  method,  founded  on  that  above  described  for 
the  estimation  of  arsenic  and  antimony. 

The  nitric  add  solution  of  about  200  gms.  of  the  copper  is  mixed  with  a  small 
quantity  of  solution  of  phosphate  of  sodium  ;  ammonia  is  then  added  in  excess,  and 
the  prcdpitate  is  purified  from  copper  by  washing  with  ammoniacal  water.  This  pre- 
dpitate  is  then  oissolved  in  hydrochloric  add;  the  solution,  rendered  alkaline  I7 
ammonia,  is  treated  with  excess  of  sulpbydric  acid ;  the  precipitated  sulphides  of  lead 
and  bismuth  are  thoroughly  washed,  and  dissolved  in  dilute  nitnc  acid ;  and  the  Bolntioii, 
nearly  neutralised  with  ammonia,  is  digested  with  a  small  quantity  of  hydrated  oxide 
or  bade  nitrate  of  copper,  which  predpitates  the  oxide  of  bismuth,  while  lead  remains 
in  solution.  The  washed  predpitate  is  dissolved  in  nitric  add,  and  the  bunnuth  is 
separated  from  the  copper  by  ammonia ;  the  oxide  of  bismuth  thus  obtained  is  purified 
by  washing,  and  its  weight  determiued  in  the  usual  way.  The  solution  containing  the 
nitrates  of  lead  and  copper  ia  mixed  with  carbonate  of  sodium  and  excess  at  aoetie 
add,  and  the  lead  is  precipitated  as  chromate  by  add  chromate  of  potassimn.  \Jt 
might  also  be  predpitated  by  sulphuric  add  and  alcohoL]  If  the  copper  contains  iron, 
that  metal  will  be  precipitated  together  with  the  bismuth.  In  this  case,  the  predpi- 
tate must  be  redissolved  in  an  add,  and  the  bismuth  predpitated  as  solphide  oj 
sulphydrie  add. 

From  cadmium. — ^The  best  method  of  separating  copper  and  ftnilmiwm  is  to  mix 
the  solution  with  cyanide  ofpotaesium,  till  the  predpitate  first  formed  redisaolves,  and 
pass  sulphydrie  add  gas  tlu^^ugh  the  liquid.  Sulphide  of  cadniium  is  then  predpitated, 
while  the  copper  remains  dissolved  as  sulphide.  The  filtrate  is  then  boiled  with  nydzo- 
chloric  and  a  little  nitric  acid,  till  all  the  hydrocyanic  add  is  expelled  and  the  cc^iper 
is  predpitated  by  potash. 

Copper  may  also  be  separated  from  cadmium  by  carbonate  of  ammonia,  in  which 
earbonate  of  cadmium  is  insoluble;  also  by  sulphoc^anate  of  potasnum,  which  pree^ 
tates  the  copper  (iL  58),  but  not  the  cadmium. 

From  silver,  copper  is  separated  by  precipitating  the  silver  as  dilozide. 

For  the  separation  of  copper  from  mercury,  gold,  platinum,  and  the  alfied 
metals,  see  those  metals. 


L  Sjf  tM«  dry  way, — ^The  ordinaiy  method  of  usajing  copper  ores,  connite  of  a 
MiiM  of  proeeaMfl,  nzrular  in  [>rinciDlo  to  the  operatioiu  of  smelting  on  the  !ar|;o 
fcale.  Oxidised  ore*  and  funjoce-proancte,  if  moderately  rich,  arc  melted  with  IjIim-Ic 
flax  (a  mixtare  of  nitre  and  burnt  tartar),  whereby  a  button  of  metallic  coj^ip«fr  is 
obtained,  which,  if  nwrtssary,  may  be  suhseqiientlj  n-Bued.  Poorer  oxidised  tirwi  and 
alag*  are  ftnt  melted  vr-ith  iron  pyrit^^,  to  obtain  a  reguliu  conloiniug  cuprous  siil- 
pbide^  wbikh  ia  then  treated  aa  below. 

Solphuretted  orea  and  famace-ppodncta,  if  rich,  are  flrat  roaated!  in  a  muffle,  to  con 
Tvrt  the  Bulpliidea  into  oxidea.  Foorer  orea,  like  tboae  of  Cornwall,  containing  fiT>m 
6  to  10  per  cent  of  copper,  are  flrat  ftiaed  with  a  mixture  of  nitre  and  borax,  whereby 
a  portion  of  the  anlphor  is  removed ;  the  siliceoua  and  earthy  matters  are  aeparated  in 
the  form  oi  a  ritreooa  alag,  and  a  bntton  o{  regxilua  ia  obtuined,  containing  the  whole 
of  tlie  copper  aa  aolphide,  which  may  then  be  roasted.  The  roaated  ore— or  regulna— 
ia  next  melted  in  a  crucible,  with  black  flax  and  a  mixture  of  borax  and  glaas  ;  the 
more  oxidable  metals  then  paas  into  the  alag,  and  the  copper  ia  reduced  to  a  button 
of  coara^  cofftr,  which  may  be  refined  either  by  Aiaiag  it  with  bonx  ia  a  current,  of 
•ir,  or  bj  expelling  it  with  lead. 

Thia  ppoeew  doea  not  yield  rery  exact  reatilta,  the  percentage  of  copper  which  it 
ahowa  bring  ahrari  leaa  than  that  obtained  bj  the  wet  method  of  aaaaying.  For 
detaila,  aeelTiVa  JHetimary  of  Artt,  Manufacturet  and  Mine*,  I  839 ;  Prrr/a  Metal- 
lurgy,  i.  464. 

PUtttn«r'9  fiMt^AcKJL— Thia  method,  which  ia  exact,  but  somewhat  difficult  of  execu- 
tion, aerrea  to  determine  the  qoantitiea  of  copper,  lead,  biamuth,  eobnK  nnd 
nickel,  exiating  in  oiea,  alagi^  alloya,  dec:  it  uiTolvea  the  following  amea  of  oj^vera- 
tiona.  • 

a.  Bcxutinff.^lQO  eeota*  of  the  ore,  containing  vo^hidea  or  ffolphatea,  ia  roHat«d 
on  a  roaating  teet  {Jig.  Wi),  fir»t  prr  «<,  then  with  carbonate  of  ammonia,  till  all  the 
eolphuria  expelled.     Ore«  containing  g^-pAUtn,  heavy  spar,  or  al- 

kauna  aidphiaea,  and  in  which  the  metala  are  united  with  sulphur  Fiff.  142. 

or  ataenie,  are  prepared  for  roa^iting  by  fbaing  100  centa  of  the  , 

ore  with  100  oenta  of  vitrified   borax  or  glaas,  and  10  cents  of     v^ — ^7 
colophony,  under  a  layer  of  300  centa  common  aalt,  in  a  covered    mjS^^Kt-^/ 
cracible  heated  for  1  to  }  hour,  in  a  muffle  or  air-fumoce :  a  regu-       ''\^^^^*^y 
luB  ia  thereby  obtained  containing  the  metala.     If  the  metals  are  »^— ^/"^ 

in  the  form  of  oxides,   aaaodatM  with  fiTpaum  or  heavy   apar, 
from  10  to  30  cents  of  metallic  araenie  must  be  added  to  the  preceding  mixture.    The 
flulphidc  of  sodium,  which  ia  produced  b^  the  action  of  the  sulphur  ou  the  borax,  and 
pOMea  Into  the  regnlna,  ia  waahed  out  with  hot  water. 

b.  Conversion  0/  the  mttaU  into  Arsenide*.  —  The  roasted  ore  or  regulna  ia  tritu- 
rated with  100  centa  of  metallic  araenie,  and  heated  for  8  or  10  minutea  in  a  covered 
aaaay  crucible  (Ji^,  143),  placed  in  a  cloaed  red-hot  mufBe.  aa  long 
as  oomboatible  aiienic  vapours  ai»  evolved.  Some  of  the  metitla  ore 
thanby  converted  into  araenidee,  viz.  Cu«As»,  Pb'Aa*,  CUs'.  Ni'Aa', 
and  Fe% ;  part  of  the  iron  ia  converted  into  ferroeo-ferric  oxide ;  unde- 
compoeed  sulphate  of  leaid  into  aulphide ;  antimooioua  oxido  into  ar- 
aenide  of  antimony ;  oxide  of  bismuth  into  arseniferous  metallic  bia- 
muth,  while  the  oxide  of  sine  remains  unaltered. 

Subatauoea  not  originally  containing  sulphur,  such  aa  black  copi>er, 
niekel-ailver.  ahua  containing  cobalt  and  nickel,  &c.,  are  treated  in 
*Jie  finely  divided  itate  (filed,  lamiciated,  or  pulverised),  in  quantities 
of  50  to  100  centa,  with  100  ci-nt^i  of  tnftallic  aiMoie  aa  above.  The 
product  it  either  a  sintered  button  or  a  fused  maaa. 

e.  Utmn  cf  the  resuitvw  metallic  arsenide*  into  a  whole,  and  stpa- 
ration  of  tit  Lead  and  Bismuth  by  fusion  urith  appropriatf  Jltues. — If  the  crucible 
used  in  the  preceding  opentiona  i«  firie  from  cracks,  ana  gives  a  clear  ringing  sound 
when  struck,  the  mass  contained  in  it  ia  covered  with  10  to  20  cents  of  iron  wire  (ac- 
cording to  the  amount  of  lead  preaent),  a  mixture  of  200  cents  of  black  flux,  und 
Mto  100 centa  of  vitrifletl  borax  (the  quantity  beinjz  jrn>nt-er  ns  the  amount  of  earthy 
matter  in  the  aaaay  ia  leas),  and  the  whole  ia  oovcarcd  with  30O  cents  of  purified  common 
aalt,  and  a  Inmp  of  charcoal  If  the  cracible  baa  been  injured  in  the  preceding  op<'m- 
tiona,  a  new  one  must  be  taken.     The  crucible,  with  its  cover  on,  ia  heated  in  the 

•  Thenrw/  here  (pok»n  of.  Ii  do*  llie  wplght  tn^allrd  by  «»i<f  Cornlih  iuu;«n,  (=  4  grkini).  twi  Ihit 
•rhicb  la  0«>rman  Mt«f Ing  ti  rolled  a  ptmnel,  100  of  which  mAkr  a  Pnb*r.a»lner,  «qtuk  to  3<7&graroiaM 
tor  B7'M  grains)  at  Freiberg,  ao4  S'664  grammes  in  the  OU«rhara. 
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inaffle-fbrnn<>c  for  25 — SO  minutes,  or  in  the  uir- furnace  rather  longer,  to  a  temper&tur* 
|2;nidiudly  riiised  to  the  melting  point  of  copper.  A  stiecewfal  ofifnition  yields  s  wrll- 
fiiBed  ulajit  of  dask  grot-n  to  blat^k  colour,  covered  with  a  grey  cruat  of  common  Bait,  aod 
at  the  bottom  a,  rcgnlus,  on  which,  if  the  substance  under  examination  coataiiui  leAd, 
that  metal  is  found  to  have  Beparated  either  on  the  bottom  or  at  the  aide.  In  Utut 
former  case,  the  Irjid  is  remoTcd  with  the  knife;  in  thektt.er,  the  regrulaa,  with  the  leawi 
side  uppermost,  is  broken  up  in  a  mortar,  the  malleable  lead  then  aeparuting  from  tlM 
brittle  arsenic  compound,  which  is  mixed  with  a  f^v  oente  of  colophony,  and  r«e«rT«J 
for  fiirther  treatment.  The  lead  contains  nearly  all  the  Hilrer  in  the  ore,  together  vith 
the  binmuth  and  a  little  antimony,  but  no  copper.  If  lead  is  absent,  the  biamot-ti  aepa- 
ratefl  in  like  manner  on  the  surface  of  the  regulna ;  but,  buin^  brittle,  is  not  so  cucalj 
I  separated  £r«m  the  arsenides.  In  this  case,  it  is  neeessaiy  to  add  from  10  to  20  ornta  of 
'  griinulated  lead,  as  well  a«  16 — 25  cents  of  iron ;  the  excess  then  gives  approxi- 
mately the  quantity  of  bismuth.  It  must,  hoveTer,  be  remembered  that  about  4  per 
cent  of  lead  is  lost  in  the  proce^. 

d.  Separation  of  the  Arsntidf  of  Iron  and  of  the  Zinc  from  the  Arsenide  t  of  Cobattt 
Niekd,  and  Copper  by  oxidising  fusion  on  a  Scor\ficr. — The  arsenide?;  are  placed, 
together  with  60  to  75  cents  of  borax,  on  a  scorifier  (Jig.  14-1), 
Fig.  144.  Burronnded  with  glowing  coals  at  nearly  a  white  heat,  and  fused 

at  a  stroQg  heat  with  the  muffle  doaed.  After  a  niinute  or  twc 
the  muffle  is  partially  opened,  and  as  soon  as  the  a.siiay  har 
acquired  a  bright  vaporisuag  snrf&cc,  it  is  brought  a  little  nearer 
to  the  orifice  of  the  muffle,  and  the  t^>rnpcrature  is  so  regniated 
that  small  films  of  oxide  may  form  upon  the  surface,  and  piiw  into  the  borax.  If  ths 
temperature  is  raised  too  high,  the  assay  becomes  bright,  and  if  it  be  kept  too  low, 
the  entire  surface  becomes  oxidised.  The  process  is  eompletc  when  the  sorface  be- 
comes tritnquil,  and  fumes  of  arsenic  begin  to  escape.  At  that  stage,  the  whole  of 
the  iton  and  zinc  are  separated,  the  latt^^r  by  scorification  and  volatilisation.  If 
the  assay  becomes  covered  with  a  crust  before  the  temperature  falls,  there  is  a  de> 
ficiiTicy  of  borax,  and  the  proc«"sy  must  be  repented  on  a  new  scorifier  witli  fresh  bonx. 
Tlio  button  thus  obtained  is  left  to  cool  piirtiHlIy,  then  completely  quenched  in  water, 
and  carefully  cU-'auFnl  from  slag  by  tapping  it  with  a  hammer.  Lf  the  assay  has  been 
removed  from  the  muffle  at  the  proper  time,  the  slag  will  bo  quite  free  from  cobalt, 
nickel,  and  copper. 

f,  Semoval  nf  the  excf*$  of  Arsenic  bt/  vohii/ieatum. — The  metallic  button  still  con- 
tains excess  of  arsenic,  which  is  expelled  by  mixing  it,  according  to  its  size-,  with  ^  to  I 
cent  of  borax^glass  ;  layinjr  it^  wrappe<i  up  in  thin  paper,  on  a  lump  of  charcoal  having  a 
cavity  about  half  an  inch  deep,  or  on  a  scoritier  made  of  powdt-red  coke  and  pitch  ;  melt- 
ing it  in  a  closed  muffle ;  and.  when  the  metal  exhibits  a  sinning  surface,  and  liec^iie  to 
gire  off  arsenic  vapours,  exposing  it,  with  the  muffle  o^en,  to  a  moderate  heat  tul  it  no 
longer  gives  off  vapours  of  arseninus  acid  with  rapidity,  and  such  vaponrs  are  no 
longer  perceptible  on  taking  the  scorifier  ont  of  the  muffle.  The  button,  which  then  so- 
lidifies with  a  dull  black  surface,  is  weighed;  it  contains  the  definite  compoondiL 
Co^Ab»,  Ni'As*,  and  _Cu'A»«.  *~    -♦ 

The  borax-glass  dissolves  the  basic  arsenite  of  cobalt,  which  is  apt  to  form  on  the 
surface  of  the  melted  assay  if  the  temperature  is  not  kept  high  enough,  and  might 
hinder  the  volatilisation  of  the  exoeaa  of  arsenic.  This  salt  is  again  reduced  to  the 
metallic  state  as  soon  as  it  comes  in  contact  with  the  carboimceous  support., 

/,  Separation  of  the  Arunidet  of  Cobalt  from  the  Arsenidrjf  of  Nickel  and  Cktppef, 
and  dfierminaiitm  of  the  amount  of  Cobalt, — The  weighed  button  of  regultis  wratmed 
up  in  paper,  is  laid  upon  a  scorifier  containing  from  10  to  30  cents  of  borax,  Bor» 
Toonded  with  hot  coals  and  heated  nearly  to  whiteuess  ;  th«i  muffle  \s  closed  ;  and  the 
away  quickly  brought  to  coruscation.  The  scorifier  in  then  brought  nearer  to  tlie  open- 
ing of  the  muffle  ;  a  few  pieces  of  charcoal  are  laid  in  front  of  it ;  and  the  arsenide  of 
cobalt,  which  is  the  moat  oiidable  of  the  three  arsenides  present^  is  left  to  be  accirifled 
by  the  borax, — at  a  temperature  at  which  the  fused  assay  exhibits  a  clean  but  not  wm- 
eular  surface, — till  the  surface  beoome«  covered  with  a  green  film  of  arsenite  of  nidciA. 
If  the  substance  nnder  examination  does  not  contain  cobalt,  this  appearance  is  ob- 
servwi  in  the  preceding  operation,  e.  The  loss  of  weight  which  the  regulna  has  Bi»- 
tallied,  consists  of  Co'As*,containing  61  wr  cent^  of  cobalt. 

g.  Separation  of  the  Arsenide  ofyiiXeJ  from  the  Arsenide  of  Copper.^To  aeoftfr 
the  arsenide  of  nickel,  the  button  of  regulus  still  containing  Ni'As*  and  Cn'Aa*  x» 
treated  vrith  borax  in  the  maimer  above  described,  till  the  melted  metal  beoonua 
bright,  no  more  green  films  forming  on  its  snifaoe,  and  it  begins  t-o  give  ofT  arsenic  va* 
pours  from  the  decomposition  of  the  arsenide  of  copper.  The  chief  poiut  to  be  at- 
tended to  in  this  operation  is  the  due  regulation  of  the  (•einperature,  which  must  be 
lower  in  proportion  as  the  assay  contains  a  larger  proportion  of  the  easily  fusible  ««»■ 
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0Mud«  of  copper.  The  low  of  weight  coiinsts  of  Ni'Ab*,  aod  a  portion  of  arsenic  7ol«- 
tilimd  from  the  «nenid«  of  copper;  the  nickel  cannot,  therefore,  be  cal<raLtted  directlr 
from  tUs  loea,  bat  must  be  eetimatpd  aft«r  the  amount  of  copper  hw  been  detprmined. 
The  a^aration  of  the  arBenide  of  nickel  from  the  arsenide  of  copper  may  be  effected 
with  sufficient  accuracy,  even  if  the  proportion  of  copper  is  b^low  1  per  cent, 

k,  Volatilitation  of  the  Artmic  combined  vith  the  Copper,  and  dr termination  of  tht 
fmportiofu  qf  HicJkel  and  Copper. — The  button  of  rcgulus,  wrapped  op  in  papeft 
ts  laid  upon  a  Rowing  charcoal  acorifier ;  the  muffle  is  cIo««l  for  a  while  ;  and  as  soon  af 
the  button  in  fused,  the  scorifier  ia  bronj^ht  near  to  the  mouth  of  the  muffle,  which  ia 
heaped  up  witU  red-hot  coals  to  the  height  of  about  1^  inch  ;  and  the  a«saj  is  kept  at 
a  tempernture  about  eaual  to  that  required  for  the  cupfllafion  of  silver,  till  film*  of 
bttaic  cuprous  araenite  Degio  to  ahow  themselTra  here  and  there  on  the  clean  aurfaee 
of  the  metaL  It  is  then  exposed  to  a  higher  tcmpemture,  till  it  exhibits  the  bluish 
I  eotour  of  pure  copper,  and  the  filroH  which  form  upon  it,  make  their  appearanee 
r  on  the  Aides,  hai  at  the  top.     The  assay  if*  then  taken  out  of  the  fire  and 


cooled."    The  button  of  copper,  whatever  itn  colour  and  texture,  mast  be  malleable,  and 
bare  a  small  quantity  of  cuprous  oxide  on  its  surface. 

The  weight  of  the  copper  button  gives  directly  tlie  proportion  of  copper  in  the 
asaay.  To  determine  the  nickel,  the  copper  is  calculated  as  Cu*Aa';  the  resulting 
weight  is  deducted  firom  the  known  weight  of  the  araenidea  of  nickel  and  copper  toge- 
ther, and  the  difference  gives  the  weight  of  the  Ni^Ai*.  which  contains  61  per  cent,  of 
nickel. 

The  proceas  of  assaying  just  described  may  be  greatly  shortened  if  one  or  more  of 
the  metalii  above  considered  are  absent.  If,  for  example,  the  cupriferous  subetaace  ia 
free  from  nickel  and  cobalt,  as  ia  the  case  with  most  copper  ores  and  many  products  o1> 
tained  in  copper  smelting,  the  operations/ and ^  become  unneceaaarr.  and  the  procesa 
is  reduced  to  the  separation  of  arsenide  of  iron,  including  more  or  fess  antimony  and 
sine  (e)  from  the  arsenide  of  copper,  and  the  aeparation  of  the  arsenic  from  the  copper 
by  volatiliaation.  (Plattner,  Bdtrag  cur  Enimterung  der  Probirkuttai,  Freiberg, 
1&49 ;  KerFt  HUttenhmde,  iL  140.) 

IL  Auayinff  of  Comtr  Ora  in  tht  wet  teatf. — The  ore  being  disaolred  in  nitric  acid, 
the  determination  of  tae  copper  may  be  ma<Je  by  either  of  the  methods  given  on  paffcs 
67 — 60.  Of  the  methods  by  loright  analffai*,  however,  the  one  that  ia  gcnenJly, 
indeed  almoet  exclosively,  eraplopred,  ia  the  predpit^ition  of  the  copper  by  iron,  as  it 
has  the  advantage  of  oot  rt^iamng  any  special  treatment  for  separating  the  copper 
fVom  the  iron  in  the  ore.  More  exact  results  would  be  obtained  by  the  use  of  pore 
xinc  as  the  precipitant  (p.  67). 

Of  the  voluvuirio  method*,  that  of  Farkca  is  the  one  moat  gencmlly  used  for  tho 
▼mluation  of  eopper  orca,  aa  it  likewise  is  not  interfered  with  by  the  presence  of  iron, 
which  nearly  all  theae  orea  contain.  Brown's  process  is  exact  and  expeditions,  but  it 
require*  the  removal  of  iron  and  lead.  It  is,  nowever,  unaffected  by  the  presence  of 
arsenic,  antimony,  tin,  or  rinc,  and  is  therefore  very  nsefiil  for  the  analysis  of  alloys. 

An  expeditious  method  of  obtaining  an  approximate  estimate  of  the  quantity  of 
copper  in  an  ore  or  slw,  ia  to  diwolve  a  given  quaDtitr  of  it  in  nitric  acid,  mix  the 
aofution  with  exeeaa  oT  ammonia,  and  compare  the  colour  with  those  of  a  series  of 
standard  aolutiona  prepared  in  a  aimilar  manner.     (Jaequelin.) 

6,  Atomic   Weight  of  Copper. 

The  atomic  weight  of  copper  baa  been  determined  by  reducing  a  weighed  quantity 
of  the  orotoxide  with  hydrogen,  and  weighing  the  residual  metal.  In  thia  manner, 
Berielius,  in  1820  (Pogg.  Aim.  riii.  182),  obtained,  as  a  mean  of  two  experimenta, 
the  number  63'3.  Erdroann  and  Marchand  fj.  pr.  Chem,  xx\.  385)  tound,  aa  a 
mean  of  tlva  closely  agreeing  experimoots,  made  with  cupric  oxide  obtained  from  the 
nitriite,  the  number  63  46,  which  may  be  receired  as  very  neur  the  truth.  Dumas 
(Ann.  Ch.  Phys.  [31  !v.  129)  by  the  same  method,  and  from  the  weight  of  cuprous 
tolphida  produced  from  a  given  quantity  of  copper,  obtained  numbers  varying  between 
630  and  64-2.  whence  h«  regards  63*6  aa  the  true  atomic  weights 

OOPVXS.  SMsaaxa.    Syn.  with  DioPTiax. 

GOP:rxX.  r^UORISBS  of.  Difluoride  of  Copper,  or  Cupric  Fluo-^ 
ride,  is  formed  by  dissolving  cupric  oxide  or  ita  carbonate  in  excess  of  aqueous  hydro- 
fluoric acid  (metallic  copper  is  not  sensibly  dissolved  by  tho  acid),  and  evaporating 
the  resulting  blue  solution.  As  the  excess  of  acid  goes  off,  small,  light  blue  crystals 
•eparate  from  the  liquid.  If  the  quantity  of  cupric  carbonate  is  sufficient  to  neutralise 
the  greater  part  of  the  acid,  the  compound  separates  out  during  the  digestion  ;  with  a 
at  ill  laT^ger  quantity  of  carbonate,  the  nxyfluoride  Cu'F»0  +  H'O  is  formed  (Be  r  ze  li  u  a). 
The  crystals,  whir-ii  are  but  sp.iringlv  itotnble  in  cold  water,  are  decomposed  by  hot 

ViM.,    II.  '  i- 
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water,  pelding  an  acid  soIotJon  and  the  insoluble  oxyfluoride.  The  crystala  lietftad 
with  salphoric  acid  yield  116  per  cent,  of  cupric  sulphate,  and  when  ignited  with 
excess  of  lead-oxide  gire  off  26*3  per  cent  of  water  (Berzelius).  Diflnoride  of 
copper  combines  with  the  fluorides  of  the  alkali-metals,  forming  hlack  eompoanda. 

The  Monofluorxde,  or  Cuprous  Fluoride,  Cu*P,  ia  obtained  by  tnatang 
cuprous  oxide  with  aquooua  hydrofluoric  acid,  washing  the  product  with  alooliDl,  then 
pressing  and  drying.  It  is  a  red  powder,  which  melts  when  heated,  appearing  blade 
while  in  the  liquid  state,  but  reooTerinjg  its  red  colour  on  cooling.  In  the  dx^r  atate  it 
ia  permanent  in  the  air ;  but  when  moist  it  is  oonrerted,  first  into  a  yellow  D&ixtDze  of 
capric  fluoride  and  hydrated  cuprous  oxide : 

2Cu«F»  +  0  «  2Cur«  +  Cu«0 ; 
and  afterwards  into  gpreen  cupric  oxyflnoride : 

2CuF*  +  2Cn«0  +  0«  -  2(OuF».2CnO). 

It  is  insoluble  both  in  water  and  in  excess  of  hydrofluoric  acid,  but  lolnble  in  etroiic 
hydrochloric  acid.     In  the  latter  it  iormi  a  black  solution,  from  which  it  is  predpi* 
tated  by  water  in  the  form  of  a  powder,  which  is  white  at  first  but  alterwaxda  beeoaM 
rose-colourMl.     (Berzelins.  Pogg.  Ann.  i.  21.) 
Borofluoride  of  Copper,  CuB«F«  (see  i.  634). 

COWXRf  OSBT.    (See  TBTRAHia>nrrB.) 

COWXR,  BT9XZOH  Ol".  Cu^H*.  When  a  solution  of  cupric  sulpbata  is 
heated  with  hypophosphomns  acid  to  almut  70"  C,  hydride  of  copper  is  deposited  as  a 
yellow  precipitate,  which  soon  turns  red-brown.  It  gives  off  hydrogen  when  heated  ; 
takes  fire  in  chlorine  gas ;  and  when  treated  with  hydrochloric  acid,  is  oonrerted  into 
cuprous  chloride,  with  evolution  of*a  double  quantity  of  hydrogen,  the  acid  giiing  up 
its  hydrogen  as  well  as  the  copper-compound : 

Cu»H»  +  2Ha  -  Cu«Cl«  +  2HH. 

This  action  is  remarkable,  inasmuch  as  metallic  copper  is  but  Tsry  slowly  setod  spos 
by  hrdrochlorio  acid.    It  affords,  indeed,  a  striking  instance  of  the  polarity  oi  atama 
alluded  to  in  the  articles  Cbbmicai.  Affinitt  (i.  857),  and  Comtact  Acnox  (iL  It). 
OOWB&,  ZarBZOO.    See  CoFFKB,  Sulfhidbs  op  (p.  7*). 

COWiOt,  ZOBZBB8  OV.  Cupric  Iodide,  CuF*.  is  not  known  in  the  fics 
state.  An  ammonio-cupric  iodide,  CuI'.4NH*  -i-  HK),  is  produced  when  cnpnm 
iodide,  moistened  with  ammonia,  is  ex}>osed  for  some  time  to  the  air,  a  blue  sointios 
being  then  formed,  which,  when  mixed  with  alcohol,  yields  small,  dark-blue  tstrn- 
h<>dron8  of  the  ammonio-iodide  (Rammelsberg,  ^ogg.  Ann.  xlriii.  162).  ^ 
cording  to  H.  Hahn,  it  fonns  crystals  belonging  to  the  trimetric  system,  with  tlw 
faces  ooPao.aoP.Poo.  |P<».iPao.P.  Batio  of  axes  -  03862  :  1  :  1-4(11 
(Jahresber.  f.  Chem.  1859,  p.  217).  According  to  Berthemot^  the  same  cna* 
pound  is  obtained  by  mixing  a  concentrated  ammoniacal  solution  of  ammonio-enrie 
chloride,  or  sulphate,  with  iodide  of  potassium.  It  is  soluble,  without  deoompoaitMi^ 
in  ammonia  and  in  a  small  quantity  of  water ;  but  a  large  quantity  of  water,  espaetsl^ 
if  hot,  decomposes  it,  with  separation  of  a  green  oxyiodide.  AlocJiol  ami  ether  cb 
not  act  upon  it  in  the  cold,  but  decompose  it  when  heated.  This  compoond  exposed 
to  the  air  gives  off  ammonia,  and  leaves  green  oxyiodide.  When  heated,  it  fixrt 
gives  off  iodide  of  ammonium,  then  detonates  and  leaves  a  brown-red  residua  en* 
taining  cuprous  iodide. 

Cuprous  Iodide,  CI*,  is  produced:  1.  By  heating  finely  divided  copper witk 
iodine.  2.  By  precipitating  a  solution  of  cuprons  chloride  in  hydrochloric  add  whk 
iodide  of  potassium,  or  by  adding  iodide  of  potassium  to  the  solution  of  a  enpM 
kalt  mixed  with  sulphite  or  hyposulphite  of  sodium.  3.  By  precipitating  &  diasohid 
cupric  salt  with  iodide  of  potassium,  half  of  the  iodine  being  set  free : 

2CuS0*  +  4KI  =  2K«0«  -».  Cu«I«  h-  1\ 

The  precipitate  must  be  washed  with  alcohol,  to  free  it  from  adhering  iodine.     4.  Br 
precipitating  the  aqueous  solution  of  1  at.  cupric  sulphate,  and  at  least  1  at.  f 
sulphate,  with  iodide  of  potassium  (Soubeiran,  J.  Pbarm.  xii.  427) ; 

2CuS0*  +  2FeS0«  +  2KI  =  K«SO*  +  (Fo«)'*(SO«)«  +  Cu«P. 
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'Imperfertly  decompoMd  Ijy  ignition  b  &  atream  of  hydrof^m  gat  (H.  Rose,  Pogg. 
Atm.  IT.  110).  When  ignited  yr\th  peroride  of  manganese^  it  i»  reached  into  iodino 
Taponr  and  cupric  oxide  (Soubeinm).  With  nitrit:  acid,  it  yields  vapour  of  iodine, 
nitric  oxide  gaa,  and  ctipric  nitrate ;  and  with  strofuj  tulpkuric  acid,  it  yi«lda  iodine 
rapoor,  aalpbaroiu  acid  gaa,  and  cupric  sulphate  : 

Cal*  +  4H«S0*  -  2CuS0»  +  I»  +  2S0»  +  iWO. 

Caproua  iodide  boiled  with  vcier,  and  tine,  tin,  or  iron,  yielde  raetAliic  copper  and  • 
diaaolved  iixiido  of  the  other  metal  (Berthomot,  J.  Pliarm.  xiv.  614).  Aqueoua 
fixed  alkalia  form  metallJo  iodides  and  sepAmte  cuproua  oxide  ;  a  simtlur  reaetioQ  tfl 
produced  by  carbanatt  of  pota*tium  or  todium.  c^irboaic  aeid  being  likewise  evolTod. 
Cuprous  iodide  it  not  deeompoeed  by  baryta,  itrootia,  Utne,  ur  alumina.  (Bor- 
themot.) 

Amnonio-«*iproiu  iodide,  Cu'P.iNIl*.  When  Ary  aAmonia-gaa  is  poMod  OTer 
eaprouB  iodide,  the  eotnpoand  abaorbe  ammonia,  becoming  hot,  and  acouiring  a 
brown  colour;  but  on  applying  a  gentle  heiit,  the  whole  of  the  umtnonia  is  oriTeu  off 
(Rammelaberg).  AVlieo  pktea  of  copper  are  enclosed  in  a  bottle  together  with  a 
cnpiic  salt  ntrongly  supersaturated  with  ammonia,  the  liquid  being  frequentlT  ahakea 
tUl  it'  loaes  its  colour,  and  then  poured  bto  a  bottle  containijig  aqueous  iodide  of  po- 
tassium, which  must  be  afterwards  dosed,  am monio-cu proas  iodide  separateis,  partly 
in  colourless  shining  prisms,  partly  as  a  white  cryEt^Llline  powder.  It  cannot  be  dried 
without  derompositiou,  as  it  gires  off  ammoaia  when  exposed  to  the  air.  The  colour- 
lesa  liouid  fVom  which  the  compound  has  separated,  turns  blue  in  the  air  from  forma- 
tion  of  ammonio-cuprio  iodide.     (LctoI,  J.  Phann.  [3]  iv,  328.) 

COPPBR*  VXT&XDB  OF.  Cn*N'.  This  oorapound  is  formed,  together  with 
watirr,  when  dry  ammonia-gas  is  passed  oTer  reiy  loosely  coherfot  cupric  oxide  heated 
to  260**  C.  The  product,  which  generally  oootaina  more  or  lew  undecomposed  oxide, 
and  sometimes  a  little  Ditrat«t  u  a  dark  green,  sometimes  neari^  black  powder,  which 
at  300°  C.  is  resolved  into  ita  coostituenta,  with  alight  explosion.  The  temperature 
at  which  this  decomposition  takes  place  varie*.  however,  with  the  nature  of  the  sur- 
rounding gaa  ;  in  oxygen  gas  it  tak<>s  place  at  comparatively  low  temperatures ;  in  air  it 
requires  a  higher  temperature,  and  in  ammonia  gaa  still  hi^jher.  Sulphuric  acid  deoom- 
pneea  it  with  violence,  giving  off  nitrogen  and  bavin^  motiUic  copper ;  othfr  acids  act 
in  asioul&r  nuumer,  those  which,  like  nitric  acid,  oxidise  tho  copper,  acting  still  more 
-violently.  In  dry  hydrocUoric  acid  gas  it  yields  sal-ammoniac  and  cupric  chloride. 
Cklorinti  produces  cupric  chloride,  with  evolution  of  nitrogen.  Aqueoug  ammonia  does 
not  appear  to  eliminate  gas  fhim  the  compound,  but  becomes  bine  by  contact  with  it. 
(Sehrotter,  Ann.  Cb.  Pharm.  xxxriL  131.) 

Wlien  dry  ummooiacal  gas  is  passed  over  red-hot  copper,  the  copper  becomes  crrstal- 
line  and  brittle,  but  does  not  appear  to  take  up  any  gas  (Gm.  r.  444).  From  kick's 
experiments,  it  appears  that  copper  is  not  rendered  brittle  by  heating  in  ammonia-gas, 
unlesa  it  contains  cuprous  oxide,  in  which  case  the  brittleness  appears  to  be  due  to 
thepoioeity  resulting  from  the  reduction  tjf  the  oxide  by  the  hydrogen  of  the  ammonia. 
(Awy's  MetaUnroy,  I.  278.) 

When  a  ball  of  copper  oonn«rted  with  the  positive  pole  of  a  six-pair  Chove's  battery 
ii  made  to  dip  into  one  end  of  a  long  glass  trough  containing  solution  of  sal-ammoniac, 
and  a  ^tinum  plate  oonaected  with  the  negative  pole  into  the  other  end,  the  aal- 
ammoniae  being  Kept  in  exceaa,  the  liquid  beoomca  wxe,  and  a  nitride  of  copper  eoUecti 
at  the  negative  pole,  in  the  fonn  of  a  chocolate^ooloored  aggregation,  which,  after  waehing 
and  drying,  has  •  density  of  6*9.  Ten  grains  of  this  itubstanCH  give  off  0*214  cubic 
inches  of  nitrogen  gaa  when  heated,  leaving  metallio  copper.  (Qro  ve,  Phil.  Mag.  [3] 
xi*.  100.) 

(See  page  19.)      The  following  synonymes  require 


oovram,  owtmm  of. 

ipedal  notice : 

Black  Cof^ier  om 

Blue  Copper  ore 
Emerald  Copper  ore   . 
Grey  Copper  ore 
Greco  Copper  ore 
Indiffo  Copper  ore 
Octanedral  Copper  ore 
Tariegated  Copper  ore 
Velvet  Copper  ore 

YeUow  Coppw  ore      . 


Native  black  oxide. 

Axurite  or  blue  carbonate  (L  788). 

Dioptase,  Cu*SiO*  + 1  sq.     (See  SnjCATia.) 

Tetrahedrite  (;.  o.) 

Malachite  or  green  carbonate  (L  783), 

Native  protoeulphide  (ii.  74). 

Native  red  oxide  (ii.  70). 

Purple  copper  (ii.  80). 

Nabve  sulphate  of  copper  and  altimininm.    (Se« 

Lmsoum  and  Sulpuatbb.) 
Copper  pyrites  (ii.  79). 
v2 
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OOVFm,  0MSWam  or*— a.  Protoxide  or  Cmprie  oxide,  (VO. 
tf  copper;  Dadoapdt  ie  emtmo;  K»nftTO*pi..—'T^am  and*  is  fimad  oatnv  am  JMi- 
carniU  or  BUek  dpper  (Katpfenekwrnnty  It  ocean  almnkMly  at  Fi  ■— y  F^iii^ 
lalu  SapoioT,  in  cabaa  (pofaspa  peodoiDcirpiis  of  rad  <npfMr  on),  widi  trvaatad 
aB^<«;  mnre  ipntefailT  auMrre.  Speeifte  gnritr.  6-2d  (Whitaaj).  6-Ml  (BaB> 
Bieltberff;.  HairincM  «  3.  Coloar,  dark  »te«rl  gre-j  in  tha  ct3rata]a.  blade  «r 
gr«7i«h-blaek  vban  nuarlre. 

Ciqirie  oxide  is  piepared :  L  Bj  eontznaed  ignitioo  of  eoppcr  in  cnotart  vith  tiis 
air.  2,  Bj  eiposiiig^  enprie  sulphate  to  mn  intease  red  htat,  or  the  eaiboaate  or 
aitnte  to  a  ia«v\mXt  vta  heal.  A  oonrenient  mode  of  pcvparin^  it  for  use  in  organic 
analjTkts  is  to  i^it<  Cfr^/f't  smithj-aeales,  moistened  with  a  saffioent  quntitjr  of  nittie 
and  to  eonrert  the  whole  of  the  metal  and  red  oxide  into  black  oxide.  Am  tins  ob- 
tained, it  is  less  hx'^/tcopic  than  when  prepared  bj  ignitii^  the  nitrate;,  ^le  heat  niaat 
not  be  raised  too  bi^b,  or  the  oxide  will  fuse,  and  will  then  be  dif&enlt  to  pulverise.— 
3.  According  to  Ficions,  enprie  oxide  maj  be  easflj-  jsvpared  bj  etxpnaing  a  mixtsn 
of  1  pt.  copper  filings  and  2  pts.  ddiqneflopd  enprie  nitrate  to  the  aii;  till  the  iriiola  ii 
eonrerted  into  a  banc  salt,  and  then  igniting  this  salL — 4.  When  eaaatie  potash  is 
added  bj  drops  to  a  boiling  solution  of  a  enprie  salt  till  the  add  is  saturated,  the  whole 
of  the  copper  is  preei{Htat«d  as  anhydrous  bUek  oxide,  which  may  be  freed  from  potaih 
by  washing  with  boiUng  water. 

Copric  oxi'le  prepared  as  abore  has  the  form  of  brown-black  brittle  aeilcs  sod 
grantues,  or  of  a  brownish-black  powder,  which,  when  strondy  heated,  aasoBen  for  a 
whfle  a  pure  bkrk  tint.  At  a  fhU  red  beat,  it  melts  and  solidifies  to  a  maaa  harii^ 
a  erystaUine  fracture.  By  heating  it  to  commencing  redness  in  a  silrer  cmcible  with 
from  4  to  6  times  its  weight  of  hydrate  of  potassium,  washing  the  fused  maaa  with 
water,  and  separating  the  flocculent  enprie  oxide  from  the  crystalline  portion  hj  leriga- 
ti<»i,  it  may  be  obtained  in  regular  tetrahedrons  baring  a  strong  lustre.  (Becqnerel, 
Ann.  Ch.  Fhys.  IL  122.) 

Jenzsch  (Pogg.  Ann.  eriL  647)  found  crystals  of  enprie  oxide  imbedded  in  caritiei 
in  the  hearth  oi  a  calcining  furnace  at  Freiberg ;  they  were  iran-black,  shining,  of 
specific  gravity  6*451,  nearly  as  hard  as  fluor-spar,  and  belonged  to  the  trimetrie 
system,  cxhibitiag  the  faces  ooP  .  F  oo  .  P  <»  .^P-  Inclination  of  fitcee :  obP  :  odP- 
»9»39';  ooP  :  ^»  «=  113°  68';  odP  :  Poo  -  122°  68'.  They  were  all  twin-crystab, 
the  face  of  combination  being  ooP. 

CnfHic  oxide  is  reduced  to  the  metallic  state  by  gentle  ignition  with  hfdroffot  or 
ekarnml;  by  hydrogen  even  at  the  temperature  of  boiL'ng  linseed  oiL     (Sehrotter.) 

It  is  likewise  reduced  to  the  metallic  state  by  potassium  and  sodium,  at  temperatons 
somewhat  below  the  melting  points  of  those  metals,  and  with  Tirid  incandeacenco.  "^th 
fused  cyanide  of  potassium  it  yields  copper  and  cyanate  of  potassium  (L  i  e  b  igV  Whtti 
gently  ignited  with  metaliic  copper,  it  is  conyerted  into  cuprous  oxide.  With  phos- 
phoros  at  a  red  heat,  it  yields  phosphide  and  phosphate  of  copper.  Mixed  with  pkoe- 
fkorie  oxide,  it  detonates  slightly  on  the  approach  of  a  red-hot  coal,  and  is  conTerted 
mto  enprie  phosphate  and  brightly  glowing  fused  globules  of  phosphide  of  copper 
(Lererrier).  A  mixture  of  cnpnc  oxide  with  excess  of  sulphur  is  resolved  at  a  red 
heat  into  cuprous  sulphide,  sulphurous  anhydride,  and  a  trace  of  cupric  anlphate  : 
2CuO  +  S*  «  Cu«S  +  SO*. 

If,  on  the  contrary,  the  cupric  oxide  is  in  excess,  cuprous  oxide  and  enprie  salfdiate 
are  produced,  and  only  a  truce  of  sulphurous  anhydride,  excepting  when  the  heat  H 
raised  to  the  point  at  which  the  cupric  sulphate  is  decomposed  (Max  Jordan,  J.  pi> 
Chem.  xxTiii.  222): 

7CuO  +  S  -  CuSO«  +  3Cu'0. 

When  protoxide  of  copper  is  boiled  with  a  solution  of  stannous  chloride,  stannic  oxids 
is  precipitated,  and  cuprous  chloride  dissolved  (Proust;  A.  Vogel,  £astn.  Axdb 
xxiii.  86).  Ifydrated  ferrous  and  cupric  oxides  are  converted  by  mutual  decomposi- 
tion into  h^drated  ferric  and  cuprous  oxides ;  the  latter  of  which  may  be  dissolved  oat 
by  ammonia  (Lerol,  Ann.  Ch.  Fhys.  Ix.  320 ;  also  J.  pr.  Chem.  xiv.  116) : 

2FeO  +  2CuO  -  Fe»0«  -^  Cu»0. 

In  presence  of  potash  or  soda,  and  with  the  aid  of  heat,  cupric  oxide  is  decomposed  by 
arsmtoiM  aeidf  the  products  being  enpiooa  oxide  and  arsenate  of  potassium.  The  de- 
composition is  effected  by  mixing  160  pta.  (2  at)  of  enprie  oxide  with  100  pts.  (rath« 
more  than  1  at.)  of  arsenious  acid,  and  with  excess  of  soda,  and  digesting  the  mixtnta 
at  a  eentle  neat^  with  frequent  agitation,  till  all  the  protoxide  of  copper  is  converted 
into  hsmioxide :  the  solution  contains  arsenate  of  sodium : 

4CnO  +  A8*0*  -I-  3Ka*0  -  2Cu*0  -t-  2Na*AaO«. 
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Wfaco  araaioni*  is  used  in  pUce  of  aoda,  only  half  of  the  protoxide  of  copper  u  eon- 
Totcd  into  homioxide :  the  re«t  rsmuns  dissolved  io  the  ammonia,  forming  •  blue 
•olvtioD,  and  no  deiDloratioo  takea  place  till  potaHh  or  aoda  is  added.  A  naLxtare  of 
•nenioiH  acid  with  carbonate  of  potanium  or  sodium  or  quick-lime  does  not  conrert 
the  protoxide  of  ooppw  into  the  bemioxide  (Bonnet,  P(^gg.  Ann.  xxxvii.300\.  When 
protoau/pkide  <J  iron  it  fbsed  with  protoxide  of  copper,  sulphide  of  copper  ia  formed 
(Kursten),  Protoxide  of  copper  ts  reduced  to  the  state  of  hemioxide  by  boiling  it 
with  Tiirious  organic  sabatances,  e.  ff.  with  oil  of  turpentine^ 

Maraud  C%pric  Oiid^,  or  Cvpric  Hydrate,  Ca*'U''0»,  or  CuO.HK),  is  formed  by 
precipitating  a  di^solTcd  cupiic  w%\t  in  the  cold,  with  a  slight  exceaii  of  dilute  caustic 
potash,  quickly  washing  the  blue  precipitate  with  cold  water,  and  drying  it  at  the  ordinaiy 
temperature  of  the  air.  The  hydrarf  pen<>ra.lly  turns  black  from  admixtnn  of  anhy- 
droos  cupric  oxide,  eren  during  the  woohing  and  drying.  According  to  Palmstedt,  it 
is  more  aurable  when  obtained  by  the  action  of  caustic  potash  on  carbonate  of  copper 
preriounly  well  washed  with  water.  After  drying,  it  forms  greenish-blue  friable  lumps, 
having  a  concho'idal  fracture  ;  its  tast«  is  strongly  metallic  In  the  dry  state  it  remains 
ondecompoeed,  even  at  100°  C,  but  at  a  somewhat  higher  temperature  it  is  conrerted 
into  anhydroQS  block  oxide ;  thus,  if  the  hydrate  be  heated  on  pa|ier,  the  change  takea 
pUce  at  a  tempeniture  not  high  enough  to  char  the  paper.  It  is  ooQTerted  into  the 
black  oxide,  with  ccmsiderable  diminution  of  volume,  when  kept  for  some  time  under 
water ;  also,  by  boiling  in  solutian  of  caustic  potash.  Alcohol  does  not  decompose 
the  hydrate,  either  in  the  freah  or  in  the  dry  atate  (Proust,  Ann.  Ch.  Phys.  xxxii.  41). 
Much'  of  the  Blue  vrrditer  or  Bremen  ffreen  which  occurs  in  commerce,  consists  of 
hydrated  cupric  oxide,  prepared  by  precipitAting  a  solution  of  sulphate  of  copper  with 
esastic  potash  of  15'-*  B.,  washing  the  precipitate,  again  treating  it  with  caustic  potash 
<rf  IfiO — 18°  B.,  and  lastly  washing  it  thoroughly.  The  potash-solution  must  contain 
a  little  carbouie  acid,  in  the  state,  in  short,  in  which  it  is  obtained  by  slaking  60  pts. 
of  lime  in  an  aqueous  tolatiion  of  80  pts.  of  pearlaah ;  otherwise  the  colour  will  be 
spoiled.     (Qentele.) 

According  to  FrAin  y  (Ann,  Ch,  Phys.  [3]  xxiii.  161).  hydrated  cupric  oxide,  obtained 
by  precipitating  a  solution  of  cupric  sulphate  in  the  cold  with  a  large  excess  of  potash, 
ftad  then  drying  in  vacuo,  contains  CV11*0*,  or  L'uO,2H*0. 

Cttprie  Oxufffen'Saitt.' — Cupric  oxide  has  a  strong  affinity  for  acids,  dissolving  in 
Ihem  easily,  and  with  evolution  of  boat,  ave^i  after  ignition ;  the  hydrate  and  carbonate 
dissolve  with  still  ^renter  facility.  Th^  last-mentioned  compounds  likewise  diaaolve 
in  ammoniacal  salts,  and  liberate  the  ammonia  on  boiling.  The  anhydrous  cupric  salts 
are  mostly  white ;  the  hydrated  salts  have  a  blue  or  green  colour.'  They  are  for  the 
most  part  Miluble  in  water,  and  the  solutions  have  a  metallic  taste  and  reidden  litmus. 
At  H  red  hent  they  give  off  their  acid,  provided  the  acid  is  volatile ;  the  sulphate, 
however,  n>quires  a  strong  heat  to  decompose  it.  For  their  behaviour  with  reagent*  ud 
before  the  blowpipe,  see  page  65. 

Ammonio-euprie  Ortde.—Cmne  oxide  appears  to  unite  with  ammonia  in  mora 
than  one  proportion.  A  dark  azure-blue  b'qnid  is  formed  by  exposing  oo  smmoaiacal  so* 
lution  of  cuprous  oxide  to  the  air ;  or  by  bringing  copper  filings  in  contact  with  aqneotu 
ammonia  and  a  sufficient  quantity  of  air. — or  cupric  oxide,  either  anhydrous  or  hydrated, 
with  aqueous  ammonia ;  or  by  allowing  aqueons  ammonia  mixed  with  a  few  drone  of 
aal-nmraoniac  solution  to  trickle  through  copper- turnings.  If  all  acids,  even  carbouie 
acid,  be  excluded,  the  ammonia,  nccordinc  to  Berzeliiis.  appears  to  dissolve  scarcely  a 
irtice  of  the  anhydrous  oxide  ;  but  on  adding  a  drop  of  the  solution  of  an  ammoniacal 
aalt,  theoiidp  is  abnndantlvdi.«!.<iolved  (compare  Witt  stein,  Eepcrt.lvii.  32).  The  pro- 
duct is  a  dark  arure-blae  liquid.  Phofphoriis  decolorises  it,  by  forming  a  compound 
of  cuprous  oxide  and  ammoni.-*,  and  ultimately  precipitates  the  copper  in  the  metallic 
gtate ;  ainc  and  cobalt  likewise  precipitate  the  copper.  Iron  reduces  tJie  copper  im- 
perfectly ;  arsenic,  tin,  and  cadmium  reduce  it  sparingly,  and  lead  exhibits  but  mere 
traces  of  reduction  (Fischer,  Pogg.  Ann.  riii.  492).  According  to  W  e  t  x  1  a  r  ^Sch w.  J. 
1.  101),  iron  exerts  no  action  on  the  pure  solution,  but  slowly  precipitates  metnUic  copper 
f^m  the  solution  mixed  with  sal-iimmoniac,  common-«ilt,  nitre,  or  sulphate  of  potas- 
aium,  nodules  composed  of  copper  and  ferrous  hvdrate  forming  on  its  surface  at  isolated 
pointa,  and  extending  till  the  liquid  is  decolorisei  A  large  excess  of  ammonia  prerent* 
this  precipitation,  especially  if  the  solution  be  mixed  with  nitritte  or  sulphate  of  potassium 
Sidphttroua  acid  added  to  the  solution  of  cupric  oxide  in  ammonia,  throws  down  nearly 
all  the  copper  in  the  form  of  red-brown  cuprous  oxide,  containing  small  portions  of  auU 
pfauroufl  acid  [and  ammonia?]  (A.  Vogel),  The  liquid,  wh^rn  diluted  with  a  large 
quantity  of  *ttattr  deposits  the  cupric  oxide  in  the  form  of  hrdrate.  Potash— of  which 
a  Ureer  quantity  is  required  in  proportion  as  the  ammonia  is  in  greater  excess — 
likewise  precipitates  the  cupric  oxide,  at  least  after  a  wliile,  in  the  form  of  hydnita 
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OOmR,  OXZSBS  OF.-^  Protoxide  or  Cuprie  oxide,  Cn'O.  Black  oxiii 
qf  oopper;  Deutoxj/de  de  euivre;  Kup/eroxyd. — This  oxide  is  found  natire  am  Mtia^ 
eoniU  or  Black  Copper  {KupfertehwSree).  It  occurs  abundantly  at  Kevensw^  Point, 
Lake  Superior,  in  cubes  (perhaps  pseudomorpbs  of  red  copper  ore),  with  truncated 
angles;  more  generally  massive.  Specific  gravity,  6*26  (Whitney),  6'962  (Bam- 
melsberg).  Hardness  —  3.  Colour,  dark  steel  grey  in  the  crystals,  black  of 
greyish-black  when  massive. 

Cuprie  oxide  is  prepared :  1.  By  continued  ignition  of  copper  in  contact  with  the 
■air.  2.  By  exposing  cuprie  sulphate  to  an  intense  red  heat,  or  the  carbonate  or 
nitrate  to  a  moderate  red  heat.  A  convenient  mode  of  preparing  it  for  use  in  organic 
analysis  is  to  ignite  copper  smithy-scales,  moistened  with  a  sufficient  quantity  of  nitric 
acid  to  convert  the  whole  of  the  metal  and  red  oxide  into  black  oxide.  Am  tiroB  ob- 
tained, it  is  less  hygroscopic  than  when  prepared  by  igniting  the  nitrate.  The  heat  must 
not  be  raised  too  high,  or  the  oxide  will  fuse,  and  vnR  then  be  difficult  to  pulyeriae. — 
3.  According  to  Ficinus,  cuprie  oxide  may  be  easily  prepared  by  reposing  a  mixture 
of  1  pt  oopper  filings  and  2  pts.  deliquesced  cuprie  nitrate  to  the  air,  till  the  wh<dd  m 
converted  into  a  basic  salt,  and  then  igniting  this  salt.— 4.  When  caustic  potash  is 
added  by  drops  to  a  boiling  solution  of  a  cuprie  salt  till  the  acid  is  saturated,  the  whole 
of  the  copper  is  precipitate  as  anhydrous  black  oxide,  which  may  be  freed  from  potash 
hj  washing  with  boihng  water. 

Cuprie  oxide  prepared  as  above  has  the  form  of  brown-black  brittle  scales  and 
granmes,  or  of  a  brownish-black  powder,  which,  when  strongly  heated,  assomea  for  a 
while  a  pure  black  tint.  At  a  tuU  red  heat,  it  melts  and  solidifies  to  a  mass  having 
a  eiystaOine  fracture.  By  heating  it  to  commencing  redness  in  a  silver  crucible  with 
from  4  to  6  times  its  weight  of  hydrate  of  potassium,  washing  the  fused  mass  with 
water,  and  separating  the  floccnlent  cuprie  oxide  from  the  crystalline  portion  by  leviga- 
tion,  it  may  be  obtained  in  regular  tetrahedrons  having  a  strong  lustre.  (Becqnerel, 
Ann.  Ch.  Fhys.  IL  122.) 

Jenzsch  (Pogg.  Ann.  evii,  647)  found  crystals  of  cuprie  oxide  imbedded  in  cavitaes 
in  the  hearth  ofa  calcining  furnace  at  Freiberg ;  they  were  iron-black,  shining,  of 
specific  gravity  6*451,  nearly  as  hard  as  fluor-spar,  and  belonged  to  the  trime^e 
system,  exhibiting  the  faces  oo  P  .  f  oo  .  P  oe  .  ^P.  Inclination  of  faces :  ooP  :  obP  — 
99°  89';  ooP  :  P  (X  -=  113°  68';  ooP  :  P  »  «  122<>  68'.  They  were  all  twin-czystals, 
the  foce  of  combination  being  ooP. 

Cnpric  oxide  is  reduced  to  the  metallic  state  by  gentle  ignition  with  hydrogen  or 
ehanMoi;  by  hydrogen  even  at  the  temperature  of  boib'ng  liMeed  oiL    (Schrotter.) 

It  is  likewise  reduced  to  the  metallic  state  by  potassium  and  sodium,  at  temperatorM 
somewhat  below  the  melting  points  of  those  metals,  and  with  vivid  incandescence.  With 
fused  cyanide  of  potassium  it  yields  copper  and  cyanate  of  potassium  (Lie  big).  When 
gently  ignited  with  metallic  copper,  it  is  converted  into  cuprous  oxide.  With  phoa- 
phoms  at  a  red  heat,  it  yields  phosphide  and  phosphate  of  copper.  Mixed  with  phos' 
ipiorio  oxide,  it  detonates  slightly  on  the  approach  of  a  red-hot  coal,  and  in  converted 
mto  cuprie  phosphate  and  brigbtlpr  glowing  fused  globules  of  phosphide  of  copper 
(Leverrier).  A  mixture  of  cupne  oxide  with  excess  ot sulphur  is  resolved  at  a  red 
heat  into  cuprous  sulphide,  sulphurous  anhydride,  and  a  trace  of  cuprie  sulphate  : 
2CuO  +  S«  =  Cu»S  +  SO*. 

If,  on  the  contrary,  the  cuprie  oxide  is  in  excess,  cuprous  oxide  and  cnpric  sulphate 
are  produced,  and  only  a  trace  of  sulphurous  anhydride,  excepting  when  the  heat  is 
raised  to  the  point  at  which  the  cuprie  sulphate  is  decomposed  (Max  Jordan,  J.  pr. 
Chem.  xzviii.  222): 

7CuO  +  S  -  CuSO*  +  3Cu'0. 

When  protoxide  of  copper  is  boiled  with  a  solution  of  stannous  chloride,  stannic  oxide 
is  precipitated,  and  cuprous  chloride  dissolved  (Proust;  A.Vogel,  Sastn.  Aich. 
xxiii.  8A).  Hydratsd  ferrous  and  cuprie  oxides  are  converted  by  mutual  deoompoei- 
tion  into  h^drated  ferric  and  cuprous  oxides ;  the  latter  of  which  may  be  dissolred  out 
by  ammonia  (Lerol,  Ann.  Ch.  Fhys.  Ix.  320 ;  also  J.  pr.  Chem.  xiv.  116) : 

2FeO  +  2CaO  -  Fe»0»  +  Cu»0. 

In  presence  of  potash  or  soda,  and  with  the  aid  of  heat,  cuprie  oxide  is  decomposed  by 
eraenious  aoid^  the  products  being  cuprous  oxide  and  arsenate  of  potassium.  The  de- 
composition is  effect  by  mixing  160  pts.  (2  at.)  of  cuprie  oxide  with  100  pts.  (rather 
more  than  iaL)  of  arsenious  acid,  and  with  excess  of  soda,  and  digesting  the  mixture 
at  a  senUe  neat,  with  frequent  agitation,  till  all  the  protoxide  of  copper  is  converted 
into  hemioxide :  the  solution  contains  arsenate  of  sodium : 

4CnO  +  As*0*  +  SNaK)  »  2Cu>0  -i-  2Na*AsO«. 


When  aramonia  is  tiMd  in  pUce  of  aod^,  only  half  of  the  protoxide  of  coppr  is  con> 
TCTled  into  lipmioxide :  the  rant  renuiitw  diseolTrd  in  the  ammonti,  forming  •  blue 
Bolution,  and  no  decoloration  t«k««  place  till  potacih  or  eoda  is  added.  A  mixture  of 
•noaiooa  acid  with  carbonate  of  potowiam  or  sodium  or  qoick-lime  dow  not  conrert 
tile  protoxide  of  copper  into  the  hemioxide  (Bonnet,  Fogg.  Ann.  xxx-ni.  3001l  When 
fraioauipkitU  of  iron  i»  fofled  with  protoxide  of  copper,  solphide  of  copper  is  formed 
(Knrsteo).  Protoxide  of  copper  u  reduced  to  the  state  of  hemioxide  by  boiling  it 
witii  Turioiu  organic  rabBtaoces,  e.g.  -with  oil  of  tttrpattine, 

If^dfmUd  Cupru  Oxide,  or  Cupric  Hydrate,  Cu^HK)',  or  CuO.H'O,  is  formed  by 
pfvetpJCatiiig  a  disftolved  cupric  salt  in  the  cold,  with  a  slight  excess  of  dilute  canatic 
potash,  quickly  washing  the  blae  precipitate  with  cold  water,  and  drying  it  at  the  ordinary 
temperature  of  the  air.  The  hydrate  cenerally  tiims  black  from  admixture  of  anhy- 
dloOB  copric  oxide,  eren  dorins  the  washing  and  drying.  According  to  Falmstedt,  it 
It  Bore  aonble  when  obtained  by  tbe  action  of  caostic  potash  on  carbonate  of  copper 
pMTioasly  well  wuhed  with  water.  After  drying;  it  forms  greenisb-blue  friable  lumps. 
Baring  a  conchoidal  fmctore ;  its  t^ste  is  strongly  metallic.  In  the  dry  state  it  remains 
ttndecompoeed,  eren  at  100°  C,  but  at  a  somewhat  higher  tempwratore  it  is  convL^rted 
into  anhydroofl  black  oxide ;  thus,  if  the  hydrate  be  heated  on  paper,  the  change  takes 
place  at  a  temperatnre  not  high  enough  to  char  the  paper.  It  is  converted  mto  the 
black  oxide,  with  considerable  diminntion  of  Tolome,  when  kept  for  some  time  under 
water;  also,  by  boiling  in  tinlution  of  cdustic  potash.  Alcohol  does  not  decompose 
Ihe-hydrate.  either  in  the  fresh  or  in  the  dry  state  (Proust,  Ann.  Ch.  Phys.  xxxii.  41). 
Much  of  the  Bhus  trerditer  or  Brrmm  tfrrtn  which  occurs  in  commerce,  consists  of 
hydnited  cupric  oxide,  prepared  by  precipitating  a  solution  of  sulphate  of  copper  with 
ejiuptic  potash  of  15^  B.,  washing  the  precipitate,  again  treating  it  with  caustic  potash 
of  15*^ — 18°  B..  and  lastly  washing  it  thoroughly.  The  potash-solution  must  contain 
a  little  carbonic  acid,  in  the  state,  in  short,  in  whir-h  it  is  obtained  by  slaking  60  pts. 
of  lime  in  an  aqueous  oolutton  of  80  pts.  of  pearlash ;  otherwise  the  ooloor  will  be 
spoiled.     (Oentele.) 

According  to  Fr  A  my  (Ann.  Ch.  Phys.  [3]xxui.  161*),  hydrated  cupric  oxide,  obtained 
by  precipitating  a  solution  of  cnpric  sulphate  in  tbe  cold  with  a  large  excess  of  potash, 
ft&d  then  drying  in  racuo,  contains  Cu"ll*0',  ur  Cu0.2H'0. 

Cupric  Oxif<ftn-«alt$. — Cupric  oxide  has  a  strong  affinity  for  acida,  dissolving  in 
them  easily,  and  with  evolution  of  heat,  oven  after  ignition ;  the  hydrate  and  carbonate 
dissolve  with  still  greuter  facilitj'.  Th(\ last-mentioned  compounds  likewise  dissolve 
in  artT-  "•- —I  «t!lt«,  and  liberate  the  ammonia  on  boiling.  The  anhydroas  nipric  salts 
are  ri  ■•;  the  hydnited  salts  hare  a  blue  or  green  colour.     They  nre<  for  the 

mo«f  [  '':••  in  wiitcr.  and  the  solutions  have  a  metallic  taste  and  redden  litmus. 

At  H  red  beat  thoy  pite  off  their  acid,  provided  the  acid  is  volatile ;  the  solpbate* 
however,  requires  a  strong  heat  to  decompose  it  For  their  behaviour  with  reagents  and 
before  the  blowpipe,  see  page  55, 

A  m  monio-fuprie  Oxide. — Cupric  oxide  appears  to  unite  with  ammonia  in  mora 
than  one  proportion.  A  dark  azure-blue  Ii(}uid  is  formed  by  exposing  an  ammoniacal  ao> 
lution  of  cuprous  oxide  to  the  uir;  or  by  bringing  copper  filings  in  contact  with  aqueous 
ammonia  and  a  sufficient  quantity  of  air.— or  cupric  oxide^  either  anhydrous  or  bydrated, 
with  aqueous  ammonia ;  or  bv  allowing  aqueous  ammonia  mixed  with  a  few  drops  of 
sal-ammoniac  solution  to  trickle  through  copper-turnings.  If  all  acids,  even  oarooiue 
acid,  be  excluded,  the  ammonia,  according  to  Benelins,  appears  to  dissolve  scarcely  % 
trace  of  the  anhydrous  oxide ;  but  on  adding  a  drop  of  the  solution  of  an  ammoniacal 
salt,  theoxideisabnndantlvdiHMilved (compare  Wittsteio,  Repert. Ivii. 32).  Thepn^ 
duct  is  a  dark  axure-blne  liquid.  Pfutsphfirut  decolorizes  it,  by  forming  a  compound 
of  cuprous  oxide  and  ammonia,  and  ultimately  precipitates  the  copper  in  the  metallio 
state ;  einc  and  cobalt  likewise  precipitate  the  copper.  Iron  reduces  the  copper  im- 
perfectly ;  arsenic,  tin.  and  cadmium  reduce  it  sparingly,  and  lead  exhibits  but  mere 
tracM  oi redaction  (F  isch er,  Pogg,  Ann,  viii.  492).  Accordingto  Wetslar  ^Sdiw.  J. 
1.  101),  iron  exerta  no  action  on  the  pure  solution,  but  slowly  precipitates  metalbc  copper 
from  the  solution  mixed  with  sal-nmmoniac,  common-salt,  nitre,  or  sulphate  of  potas- 
sium, nodules  oompoeed  of  copper  and  ferrous  hydrate  forming  on  its  surface  at  isolated 
pointa,  and  extending  till  the  liquid  is  decolorised.  A  large  excess  of  ammonia  prevente 
this  precipitation,  especially  if  th(^  solution  be  mixed  with  nitrate  or  sulphate  of  potassium 
flwiEpAttrowiiacuf  added  to  Uie  solution  of  cupric  oxide  in  ammonia,  throws  down  neiirly 
all  the  copper  in  the  form  of  red-brown  cuprous  oxide,  containing  small  portions  of  sul- 
phurous acid  [and  ammonia?]  (A.  Vo^el).  The  liquid,  whtjn  diluted  with  a  larg« 
quantity  of  »MtfT  deposits  the  cupric  oxide  in  the  form  of  hydrate.  Potash — of  which 
a  lar^r  quantity  is  required  in  proportion  as  the  ammonia  is  in  greater  excass — 
likewise  precipitates  the  cupric  oxide,  at  least  after  a  while,  in  the  form  of  hydrata 
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l<»nt«iiing  potaah  T],  the  precipitation,  aeconling  to  Berzoliiia,  being  eoroplete  ;  on 
noiling  the  Lqaid,  black  oxide  of  popjxer  ia  inimediutely  precipitated. 

When  uinmoDia,  not  in  excess,  ia  added  to  i-upric  salts,  the  piwipifate  nsEaily  con- 
■ists  of  a  basic  salt  free  from  ammonia;  Kane,  however  (Ann.  Cli,  Phys.  [2]  Ixxii. 
283),  on  one  occacnon,  by  precipitating  a  eolutioD  of  cupric  chloride  with  ummoni>«. 
obtained  a  blue  precipit«t«  reficmLling  hydxnted  cupric  oxide,  which  was  cany  to 
wash,  and  did  not  low  ommomti.  during  the  washing.  This  preei pit-ate  miderwent  so 
change  at  149^  C. ;  but  at  a  ■omewliat  higher  tempemture,  it  was  deoompose<i  with  a 
e%bt  hissing  noise,  yieldinRnitrojeengiw,  aiuinoniu.  a  large  quantity  rit'w!it*<r,  and  a  red 
mixture  of  copper  and  cupn>U9  oxide.  It  was  foitnd  to  be  free  from  chlorine,  and  to 
consiBt  of  4NU»,3CuO  +  6H*0. 

Malaga ti  and  Sarseau  (Ann,  Ck  Fhyv.  [3]  ix.  431j  obtained  the  compound 
4NII*.CuO  +  4H'0,  in  fine  blue  cryabds  by  pussmg  asunoma-gus  to  complete  satura- 
tion through  water  in  which  basic  cupric  chromate  was  suspended,  crystallising  out  a 
portion  of  the  cupric  chromate,  and  letiTing  the  mother-liquor  under  a  bell-jur  together 
with  a  mixture  of  skked  lime,  sal-animoniac,  and  lumps  of  quick-Hme,  bo  that  it  might 
eraporate  in  un  atmonphere  of  ammonia.  Blue  cry»tal«of  basic  cupric  chroinate  thea 
formed,  together  vritli  green  crystals  of  ammonio-cuprous  oxide.  These  crystals  deli- 
quesce and  gire  off  ammoaia  when  exposed  to  the  air,  and  when  heated,  decompose 
with  incandescence,  leaving  metallic  copper.  When  a  number  of  them  lying  together 
are  heated,  so  that  one  begins  to  glow,  the  Incandescence  extends  to  the  others,  and 
vermicular  tubes  of  copper  are  formed,  covered  here  and  there  with  oxide. 

The  solution  of  cupne  oxide  in  ammonia,  also  the  araraoniacal  solution  of  basic  cupric 
sulphate  or  hyposulphate,  dissolvea  cellulose  (cotton,  lioen,  hemp-fibre,  paper,  &c,), 
this  solvent  power  increaKing  with  the  amount  of  ooppar  in  the  solution,  and  the  cellu- 
lose is  precipitated  in  the  amorphous  state  by  adda,  nalt,  sugar,  &c.  (Schweizer, 
J.  pr.  Chem.  Ixxii.  109;  Ixxvi.  344  ;  Peligot  Compt.  rend,  xlvii.  1034.')  According 
to  Erdmann  (J.  pr.  Chem.  bxvi.  385),  the  cellulose  is  not  actually  held  in  solution, 
but  merely  swollen  and  held  in  su»peusion,  like  starch  in  wat*r  (i.  tt20)L 

HamoxiDB  op  Coppbb,  or  Cuprous  Oxidb,  Cu»0,  also  called  Diosiit, 
oxide,  and  Red  oride  of  copper  ;  Oxidt  of  Cuprtmtm  ( Prof  oxide  de  cuivre,  Kupfer 
— This  oxide  is  found  native  ia  two  forms  ;  1.  Red  copper  {Ro(hkupfcr«rc),  whicfe 
occurs  crystalliaed  in  the  regular  system,  generally  in  octahedrons  and  with  octaheiimi 
cleftTagi> :  also  massive,  granular,  sometimes  earthy.  Specific  gravity  =  6-86 — 6- 16, 
Hardinfws  =  3  .5— 4.  Colour  red,  of  various  shades,  with  adamantine,  submetallic.  or 
earthy  lustre ;  anbtraospajvnt  or  subtrauslucent ;  occasionally  crimson-red,  by  tramamitted 
light.  Streak  brownish  red,  «himng.  Fracture  conchmdal.  uneven.  Brittle.  It  occurs 
in  the  Bannat,  in  Thuringia,  in  Tuscany,  in  the  Isle  of  Elba  in  cubfs;  in  Cornwall, 
at  Che»sy.  lu-Hr  Lyona,  where  crystals  sonietimes  on  inch  in  diameter  are  found  em- 
bedded id  Hthomarge ;  at  Ekatherinenburg  in  Siberia ;  abundantly  in  South  Aostmlia ; 
in  the  Ijake  Superior  region,  and  several  other  localities  in  North  America.  When 
found  in  large  quantities,  it  forms  a  valuuble  ore  of  copper  (Dana,  ji  101). —2.  As 
Copper-bloom,  Cbalotrichite,  or  Capillary  red  oxide  of  copper  (JTuyj/er- 
blnihti)t  which  crj^talliaes  is  the  trimetric  system^  forming  pnHms  with  uie  acute  and 
obtuse  edges  truncated ;  observed  plnnes,  w  P  .  oo  ;P  w  .  oo  t  oo.  It  is  usually  found  in 
fine  capillary  cryataUiaatlons,  grouped  or  reticulated.  Cleavage  rhomboidal,  perfect, 
Speoiflc  gravity  *fi'8.  Colour  cochineal  and  erimson-rod.  Occurs  at  Eheinbreitea- 
bach,  Mold;iwa,  and  Nisohne  Togibk.     (Dana.  ii.  122.) 

Preparalioiu — 1.  By  igniting  4  pt<*.  of  copper  filings  with  o  pts.  of  the  protoxide,  or 
29  pta.  copper  filings  with  24  pta.  anhydrous  cupric  aulphate.— 2.  By  heatiug  100  pts.  of 
crrstallised  cupric  wlphate  with  57  pts.  of  crystallised  carbonate  of  sodium,  till  the  water 
of  crystallisation  is  entirely  exiielled,  and  heating  the  residue  to  bright  redness  with 
26  pts.  copper  filLngs, — 3.  A  miitm-c  of  5  pts*  cuprous  chloride  (obtained  by  evaporat- 
ing a  solutioiv  of  cupric  chloride  and  fusing  the  residue)  and  3  pts.  anhydrous  car- 
%  bonate  of  sodium  is  fused  at  n  gentle  heat,  and  the  cooled  maas  is  lixiviated  with  wat«r 
T  to  dLssolve  out  the  sodium-Halts  '.  cuprous  oxide  then  remains  aa  an  amorphous  |>owder, 
[  of  a  fine  red  colour  (WCihler  and  Liebie;,  Pogg.  Ann.  xxi.  5H1).— 4.  A  solution  of 
«qiial  parts  of  cupric  sulphate  and  sugar  is  mixed  with  a  sufiicicnt  quantity  of  soda- 
l*y  to  dissolve  all  the  copper,  and  gently  heated  ;  cuprous  oxide  then  separates  in  the 
form  of  a  ci^stslljne  powder  (Mitsoherlicb,  J.  pr.  Chem.  xix.  430).— fi.  A  very  fine- 
coloured  oxide  is  obtained  by  pouring  a  cold  saturated  solution  of  cupric  sulphate  into 
an  excess  of  poln^h-ley;  leaving  the  precipitated  cupric  hydrate  to  settle;  then,  aft«r 
washing  and  pre&sing,  diffusing  it,  while  still  moist,  throU|t;h  7  times  ita  weight  of 
water  ui  which  3  parts  oF  sugar  are  dissolved;  adding  a  eohition  of  2  pta.  bvdrate  of 
potaasinm  in  a  qinaatitj  of  water  equal  to  that  which  has  been  used  for  dissolving  tije 
sugar:  agitating  the  mixture  strongly;  straining  it  through  linen;  and  heating  it 
over  the  water-bath,  with  brisk  agitation.     Cuprous  oxide  in  then  deposited,  and,  alter 
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being  veil  mahed,  9zlubit«  a  fine  red  colour. — 6.  Ctxprous  oxid«  may  be  obUioed  in 
viniill  stiinlug  cobical  crj^sCjiIft,  by  dUing  )i  test-tube  with  a  nentnil  aolutioD  of  eopric 
iiitr)«t»s  pWiiig  a  nuall  qimutity  of  cupric  oxide  at  Ui«  bottom,  iotrodaoing  a  deiui 
•trip  of  ctippeT-plat.?,  closing  the  tub*  air-tight,  aad  iearlng  it  to  it«»lf  for  a  few  months 
(Bccquerel).  The  oxide  is  sometimes  found  in  a  sLmilar  form  on  the  stirface  of 
antique  bronzes  which  have  becu  buried  in  the  ejirlh  for  a  long  time. 

In  whatcT^  way  caproua  oxide  may  be  prepared,  it^  colour  i*  finer  and  more  ap- 
proaelung  to  crimson,  in  proportion  as  it  i«  purer  and  more  finely  divided.  Tb« 
eryntala,  whether  natural  or  artificial,  yield  a  crunMn  powder  by  trituration. 

CupruoB  oxide  is  reduced  to  the  metallic  state  by  gentlo  ignition  unth  charcoal  or 
Ai/drogm  ;  also  by  poi^juium  at  a  temperature  a  little  above  the  melting  point  of  the 
luttcr.  It  imparta  a  ruby-red  colour  to  ^/«*^-jf  rwe*,  if  fused  in  such  a  noanncr  aa  to 
avoid  oxidation.  It  dlsaolvea  in  excess  of  kifdrochJoric  acid,  forming  a  solution  of 
cuproiia  chloride,  which  is  decomposed  by  water.  Moat  other  acids,  viz.  suJphurie, 
piotpkoric,  acttic,  oxalic,  tartaric^  and  citric  acid,  decompoae  it,  forming  cupric  salts 
and  separating  mctiilltc  copper;  nitric  acid  converts  it  into  cupric  nitrate.  Hence 
there  are  but  few  cuprous  oxygeo-saltij ;  indeed  the  only  such  salts  known  are  the  sul- 
phites, and  the  double  suiphitea  of  cuprosum  and  the  alkali-metala,  produced  br  treatinjg 
riipric  solutions  with  alkaline  sulphites  (ii.  66).  With  bromine-water,  it  yields  caprio 
bromide  and  cupric  oxide. 

Hydrated  Cuprous  oxide,  or  Cuprout  hf/dratf,  iCu^Q.H'O  ? — WTien  a  iwdu- 
tioD  of  eaprous  chloride  in  hydrooJilorie  srid  is  prtured  intot>xc«i5  of  !iot.l»  or  potash-ley, 
or  when  reoeaUy  precipitated  cupric  hydrate  is  boiled  for  a  few  minutes  with  a  solution 
of  milk-engv  oontaiiung  a  smaU  quantity  of  carbonate  of  sodium,  the  liquid  then  di- 
luted with  water,  and  the  precipitate  washed,  cnproua  bydntte  is  obtained  as  an  oran^^o- 
fellow  powder,  which  oxidlaee  to  cuprie  hydrate  on  exposure  to  the  air.  It  retains 
Its  water  at  100°  C^  but  girea  it  op  eomplplely  st  360°,  without  change  of  colour ;  it 
does  not,  indeed,  assome  the  red  colour  of  the  anhydn^iu  oxide  prepared  by  th« 
methods  previooaly  described,  till  it  is  heated  to  comaieocing  whiteness. 

A  m  monio-cuprout  oxide, — ^When  cnprous  oxide  or  hydrate,  or  a  mixture  of  cupric 
oxide  and  copper-filings,  is  placed,  together  with  excess  of  ammonia,  in  a  stoppered 
bottle,  a  rolourleas  liquid  is  obtuinecl  which  oxidises  so  quickly  on  exposure  to  the 
air,  that  it  exhibits  a  nine  colour  while  being  poured  in  a  thin  stream  from  one  vessel 
to  another  (Bergman n,  OpxisctUa,  iii.  389;  I*roust). 

SasaxTioxtDB  or  Cofpsa.  Cupric  acid,  Cu*0"? — Not  known  in  the  separate 
state.  Some  of  its  salts  hare  been  obtained  in  the  state  of  solution,  by  passing  chlorine 
gas  into  potash  or  soda-ley  in  which  hydrated  cupric  oxide  is  difTuaed ;  but  they  cannot 
M  obtained  in  the  solid  nt-ate^  inasmuch  as  they  are  decomposed,  with  violent  evolution 
of  oxygen,  soon  after  their  formation.  Cuprato  of  calcium  has  however  been  obtained 
in  the  form  of  a  beautiful  rofle-coloured  substance,  by  mixing  chloride  of  lime  with  a 
solution  of  cupric  nitrate  ;  it  decomposed  but  slowly  iKriiger,  Pogg.  Ann.  IxxiL  446). 
According  to  Crum  (Aon.  Ch.  Fharm.  Iv.  213),  the  oxygon-compound  of  copper  con- 
taiued  in  this  sidt  is  a  sesquioxide,  Cu*0*. 

FxuoxiDB  OF  CoppBR.— 1.  Formed  by  agitating  the  hydrated  protoxide  with  a 
large  exoosa  of  very  dilute  peroxide  of  hydrogen  at  a  temperature  of  0°  C. —  2.  By 
mixing  cupric  nitrate  with  excess  of  aqueous  peraxide  of  hydrogen,  and  precipi- 
tating the  copper  at  0^  C.  by  caustic  potash  added  in  moderate  excess.  The  reuniting 
peroKlcIo  of  copper  is  washed  with  cold  water,  pressed  between  bibulous  paper,  and 
dried  in  Tacua  Yellowish-brown  powder  (or  olive-green,  if  contaminated  with  hy 
drated  cupric  oxide),  tusteleaa,  and  without  action  on  vefj^etuble  colours.  Contains 
nearly  twice  as  much  oxj-gen  no  the  protoxide.  At  a  temfHTnturc  short  of  100®  C,  it 
gives  off  oxygen,  and  is  converted  into  protoxide ;  in  the  moii^t  olxte,  it  decomposes  in 
the  coarse  of  12  boan,  even  at  ordinaiy  temperatiirF«,the  decomposition  being  greatly 
secelerated  by  the  presence  ot  strong  cinstie  potash.  It  is  Insoluble  in  water.  With 
acids,  it  forms  ortUnary  CQprie  salts  And  peroxide  of  hydrogen  (Thinard).  It  is 
perhaps  not  a  higher  oxide  of  copper,  as  Tninard  supposes,  but  rather  a  compound  of 
cupric  oxide  with  peroxide  of  hydLrogen. 

COFPBK.  OXTBSOMXOB  Ol*.     A  solution  of  cupric  bromide,  treated  with 

a  quantity  of  anuiiouia,  nut  wiiffici^'nt  for  complete  precipitation,  yields  a  hydrated 
oxybromide,  in  the  form  of  a  pale  green  powder,  which  givea  off  ita  water  when  gently 
heated,  and  at  %  higher  temperature  gives  off  bromine,  and  leaves  a  grey  compound 
of  cupric  oxide  with  cuprous  bromide.     (Lowig.) 

Bromine-wdtt-r  forms,  with  cupric  oxide,  un  insoluble  olive-green  substance,  which 
is  probably  a  mixture  of  cupric  hypobromite  and  oxybromide.  It  liberates  nitrogen 
from  ammonia,  does  not  dischw:;gc  vegetable  colours,  ia  decomposed  by  the  weakeat 
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Acids,  with  eTolutioB  of  bromine,  and  til  100°  C  give*  off  oxygen,  bromine,  and  waUr, 
and  is  converted  iatf*  cupric  oiybtomidei.     (Balard,  J.  pr.  them.  iv.  179.) 

GOWBB,  OXTCBXtOXZDSS  OV.  Four  of  these  compounds  (cupric  oxj^e^lo- 
rides)  are  known  both  in  the  anli>drou«  and  hjdr&ted  states. 

a.  Cu'Cl-0',  or  C«CP.2CuO.  An  aquBona  ftolution  of  cupric  chloride,  treatwi  with  A 
quHHtity  of  potiuth  not  sufficient  to  decomposB  the  whole  of  it,  jiii^Ida  a  pale  green  pre- 
cipitate.  eonsisling  of  Cu*CP0'.4H*{.),  whiclj  pirea  off  it*  water  when  strongly  heated, 
leaving  tlio  anhvdrous  compttuiid  in  the  form  tjf  a  black  pf>wder.  This,  when  moistened 
with  water,  i«  converted  into  a  bright  gr^^^n  powJer,  cjutaining  Cu*('l-0*. 311*0  ;  and 
ihiii  last  hydrnte,  healed  to  I SS'*  C,  gives  off  §  of  its  water,  leaving  a  chocoliite-coloupod 
powder,  consisting  of  Chj»Cl»0'.2H«O.     tKii a f,  Ann.  Ch.  Phjs.  liiii.  277.) 

b.  Chi'C!*0'  =  CuCl-.SCuO.  The  anhydrmis  eomponnd,  which  is  obtained  by  gently 
heating  the  hydrate,  forme  a  brown  powder;  at  a  red  heat^  it  govt's  off  oxygen,  and  if: 
converted  into  a  compound  of  cupric  oxide  and  cuprous  chloride ;  CuCI'.SOuO  — 
L-a'ClViCuO  +  0.     (Proust.) 

This  oxychloride  occurs  in  nature,  aasociated  with  various  (quantities  of  water,  as 
A(acami(/[\.  i29).  Hydmt«?8  are  also  prop;iTed  by  the  following  processea :  1.  The 
anhydroui*  conipound  is  converted  into  the  hydrate  by  contact  with  water.  2.  Moist 
cuprous  chloride  expfjsed  to  rhe  aJr  is  converted  into  a  green  mixture  of  hydrated 
cupric  chlonde  which  may  be  extracted  by  water,  and  hydmtcHi  cupnc  uiychloride  : 

3Cu»a»  +  O*  =  2Cna*  +  Cua*.3CuO. 

3.  By  digosttng  aqueous  dichloride  of  copper  with  the  hydrated  protoxide ;  or  by 
mixing  it  with  a  small  quantity  of  allcali,  sufficient,  however,  fur  the  precipitation  of 
the  dissolved  tmlt.  4.  By  exposing  copper-foii  to  the  air,  moistening  it  repeatedly 
with  hydrochloric  acid  or  floluiiun  of  sal-ammoniac,  imd  exhunsting  the  product  with 
water.  The  aniflcially  prepared  salt  is  a  pale  green  powder.  It  is  prepared,  by  the 
last  process,  on  tho  large  scale,  Hud  constituteii  th»  pigment  called  Bntnturick  grtat, 
which  has  th«  advantage  of  not  being  affectod  by  sunlighL  "When  gently  heated,  it 
gives  off  water,  and  is  converted  into  tbe  bl»ck  anbytirous  compound.  Cold  sulphuric 
add  torni  it  brown,  and  separates  dichloride  of  coppor.  When  heated,  it  gives  off 
hydrochlnric  acid.     It  is  insoluble  in  water,  but  etisily  soluble  in  acids.   (G  m.  v.  441.) 

c.  Cu*Cl*0*  =  Cii01'.4CuO.  Tliis  cumpound  remains  as  a  green  hydrute  when  the 
aniTOonio-ohloride,  N'H"CuCl-,  is  treated  with  water.  When  he»jted,  it  gives  off  ita 
wal  er,  and  becomes  chocolate-brown,  and  if  oftorwarda  exposed  to  the  air,  regains  a 
portion  of  the  water  which  it  has  lost. 

COFFSX,  OXTZ'XiVOSZDS  OP.  Cu'PO.H'O,  or  CuF'.CuO  +  H'O.— Pale 
prer-u  ioiXitlul'lD  powdef,  fonncd  by  digesting  aqueous  hydrofiuoric  acid  with  ezceae 
of  etipric  carbonate,  or  by  d«oinpooin,g  cupric  fluoride  (ji.  66)  with  boiling  -water* 
(Berzolius.) 

cofIPEXt  OXTOEir-BAtTS  OF.  For  the  general  properties  of  these  ealts, 
B<*o  ii.  55,  66;  for  the  partieular  descnptions^  see  the  several  Aans. 

COVPBX  OXTSirx.rBZIlBS.  The  compound  Cu*S*0,  or  fiCnS.CuO,  ia  ob- 
taititd,  according  to  Pelnuzr.,  by  dropping  sulphide  of  sodium  into  nn  ammoniacul  solu- 
tion of  a  cupric  aalt  heatpd  to  73** — 80"  C.  till  tho  blue  colour  just  disappears,  then 
quickly  collecting  and  washing  the  resulting  precipitate.  If  the  temperature  ia  allowed 
to  rise  during  the  prwipitation  to  95"* — 10U<*  C.  an  oiysulphido  of  different  composi- 
tion is  obtained,  whioJi,  if  boiled  with  a  cupric  salt  containing  excess  of  ammonia, 
decfdorises  and  reduces  it  to  cuprous  salt. 

An  oxysulphide  is  likewise  formed  when  sulphide  of  ooppar  is  heated  in  a  aolution 
of  a  cupric  salt,  nioiit  rea^Jlly  if  the  solution  ia  alkaline. 

The  brown  subtjita&co  which  forme  in  the  first  instance,  when  coppor  is  heated  with 
oil  of  vitriol  for  tho  prcpiiimtioD  of  sulpbim^ua  acid,  has  the  composition  2Cu*S,CuO, 
By  the  further  action  of  the  acid,  which  abstmcta  coppor,  this  compound  is  converted 
into  2CaS.CuO  ;  and  when  tho  evolution  of  gas  is  at  an  end,  the  rpsidunl  black  sub- 
etance  ha*  the  compisilion  CiiS.CuO.  (MaumAnA,  Amu  Ch.  Phys.  [a]  iviii.  Sll ; 
Ihuidw.  d.  Cheni,  iv.  736-) 

COPPSa,  PfiOSpaATBS  of.  Three  cupric  phosphates  occur  aa  natural 
niiueraU,  viz. : 


Libetheaite  . 
Phosphocalcite 
Thrombolite   . 


4CuOJ»=0* 
eCuO.P^* 


3H»0 


or     0u'P''O*.CuH:0'. 
or     Cu'P«0».3CuH»0». 


5Cu0.3FO»  +  lOHK)    or    Cu»P»0«.2CnP'0'  +   I0H«O, 
(See  these  minerula ;  also  Pno.'srHATEs.) 


J 


r 
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COVFXK,  VBOS7BZSSS  Ol*.  Co^pmr  and  phosphoros  uoite  readilv  at  hich 
t*ap«ratam.  Br  carvfullj  dn^ppiog  phospborue  on  m«lt«>d  copper  in  a  enicible.  ihe 
ln«Ul  TDAj  be  made  to  take  up  aa  much  aa  1 1  per  cent,  of  pho^phorua.  Fhospbortia  ld- 
creasea  the  fusibility  and  hardneaa  of  copper,  and  when  prwient  in  large  quantity, 
rendera  it  brittle  at  ordinary  temperatorea.  Copper  containing  11  per  cent,  of  phos- 
tihoros  ia  extremely  hard,  and  can  ararcely  be  touched  by  &  ^le.  It  hna  n  more  or 
IrfM  Hteel'grey  coloar,  and  ia  aoaceptible  of  a  fine  polish,  but  speedily  taroiafaea,  eape- 
ci*lly  in  a  London  atmoapbere.     (Prre^s  Mitalltirtfy,  i.  279.) 

Sercral  definite  phoaphidea  of  copper  haw  been  prepared  by  H.  Rose  (Pogg.  Ann. 
ir  110;  xiT.  188;  xxit.  321.  331). 

a.  Dieupric  Pkotpkxde,  CuT*. — Oreyiah  black  crystalline  substance,  obtained  by 
puaing  hydrogen  gaa  orer  monoctipric  phosphnt«(Cu''llPO*),fit  a  very  strong  red  beat. 

A  mixtarM  of  dieupric  phosphide  with  chlor<ite  of  potassium  and  cuprous  eulphida 
or  l«T%atad  ooka,  to  in<!re«aa  ita  conducting  power,  i.s  used  as  a  fuse  for  firing  clmrgea 
of  gunpoirder  by  inagnetu-el«ctricity.     (Abrl,  Chem.  Soc  J.  xiv.  1S3.) 

h.  Tricupric  PhoipH  ide,  Cu'P'.  is  obtained  by  passing  pho*iphoretted hydrogen 
gM,  (o)  over  heausd  dichloride  of  copper.  3ChiCl«  ♦  2H»P  =  Ct/V*  +  eHCl,  or  (3) 
ihroucb  a  solution  of  capric  sulphate  (H.  Rose,  Pogg.  Ann.  xir,  188;  xxiv.  321). 
Thf  first  proivs*  ^-jolds  it  in  the  form  of  a  black  powder,  which,  when  strongly 
igmted  in  e  clo«e  ved^el,  is  converted  into  a  greyish-black  metallic-looking  ma^n,  but 
does  not  assume  the  red  colour  of  copper  at  any  temperature.  By  tlie  second  process, 
it  is  obtained  in  black  flocks,  which,  after  gentle  heating  in  racuo,  assume  a  red  colour, 
like  that  of  copper  precipitat*^  by  tine  fH.  Rose).  It  does  not  fuse  at  the  melting 
pjint  of  gh«.Hs,  but  is  more  fusible  than  copper.     (Landgrebe,  Schw.  J.  411,  A^AA 

Tricupric  phosphide  a  exhibits  n  phospnorus -flame  on  charcoal  before  the  blow* 
pipe,  fi  does  not ;  a  give**  off  half  its  pnosphorus  when  rery  strongly  united  in  a 
current  of  hydrocen  gas  (H.  Rose,  Popg,  Ann.  iv.  1 10).  Both  vari*?tio«  disrolve  readily 
in  nitric  acid,  with  fortniitif»n  of  phosphoric  aiMd,  pKpecially  o,  if  not  prfriously  heated. 
Hot  strong  sulphuric  add  diasolres  $,  with  evolafion  of  sulphurous  anhydride.  If  not 
previously  heated,  /3  disaolrea  in  hydrochloric  ncid  more  readily  than  pore  copper,  witli 
evolution  of  non-spontaneoosly  inflammable  pboaphorcttf^  hydrogen  (Buff).  3,  if  not 
Tireviottsly  heated,  is  permanent  in  dry  air,  but  when  ex^xtsed  to  a  moist  atmowphfr* 
!•  converted  into  cupric  phosphate.  Biefore  the  blow-pipe,  it  bums  to  a  bUck  bead  of 
cupric  phosphate,  which  solidiflea  to  A  white  enamel  on  cooling.     (Landgrebe.) 

c.  Trtcuproua  PAo*/i A trf*,  Cu'P'.— Produced  by  passing  phoaphoretted  hydro- 
gen over  cuprous  chloride  or  sulphide : 

3Cu»a»  +  2H*P  -  Cu«P»  +  6HC1 ; 

also  by  passing  hydrogen  gaa  orer  tricupric  phosphide,  at  a  rery  strong  red  heat  It 
is  a  black  powder,  or,  afbw  strong  ignition,  u  light  grey  mu»5  ha^-ing  the  metallic 
lutftre.  On  charcoal,  before  the  blow-pipe,  it  emits  a  phosphorus-flame.  It  ia  insoluble 
in  hydrochloric  acid,  but  dia&olrea  in  nitric  ticJd  or  aqua  regia,  forming  cupric  phos' 
phttte.     (H.  Rose.) 

COFPBWt  PiTRPUk    (See  SuLPHisu  or  Coppsb  x.xd  laon,  U.  80.) 

COPPER,  KBD,     (See  CoPTBR,  OxiDBs  or,  ii.  70.) 

COPPB&,  8SZ.EVX9SS  OP.  Cuprie  Selenide^  CuSe,  ia  obtained  by  pre- 
cipitating cupric  sulphate  with  sf  lenhydric-  acid,  in  black  flakoa,  which  become  Jurk 
grey  when  dry,  and  acquire  metallic  liutre  by  preasure.  It  givea  off  half  ita  aeleoiuni 
on  dlatilLition.     (Bereelius.) 

Cuprout  Settnide,  Cu*S«.  Found  rnvtire,  aa  Brrailianite,  at  Skrikenim  in 
••^w  iK-n,  and  near  Lehrbach  in  the  Harlz,  iu  soft  thin  dendritic  cru«t»,  with  silver* 
while  colour  and  mi^lallic  lustre.  The  same  compound  ia  produced  by  heating  copper 
wii  h  M'leairam,  and  by  igniting  cuprie  aelenide  in  a  doee  resael.  Before  tl««  blowpipe 
it  omiis  the  odour  of  eeleninm.  and  fuses  toa  grey  bead  of  brittle,  easily  fusible  copper, 
'•till  rrtnining  selenium.     (Berzelius.) 

Selfnidr  0/  Copprr  and  Lead,     (See  LlAO,  Selxntdr  or.) 

COPPBK,  sn.ZCATBB  OF.  The  taetOMlieaie,  CQ"8iO*.  ocean  native  with  I  at. 
water,  us  Du^ptoAr,  unci  with  2  at  water,  aa  Chrytocolla,  Other  copper  aHicatea  of 
leas  definite  composition  are  likewise  found.    (See  Siucatbs.) 

COPPBJt,  BSXiXCZpS  OP.  Silicon  may  be  melted  with  copper  into  a  ductile 
beail  bf'fi.f*'  the  blow-pipe,  and  the  oompound  leaves  h  siliceous  skeleton  when  dis- 
aolved  in  acids  (Berielius).  By  heuting  copper  to  intense  whit^nens  with  white  sand 
anH  charcoal,  a  compound  is  obtaintd  perfectly  soluble  in  MciiLx,  the  solution  vrh^n 
•yaiwrMted  k«vinx:  i  [x-r  cent  of  »ilica  (Berzeli  us^     Percy,  by  tliis  procesis.  obtJiiiitd 
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a  compound  contaitiing  r82  per  fcnf.  silicon.     It  had  a  specific  gravity  of  8'70, 
malleable  while  cold,  but  Tsrittk  j»f  a  red  hfat 

A  compound  containing  from  10  to  11  ppr  cent,  of  silicon  is  oVitoined  by  heating 
copper  foil  or  filings  with  silic*jfluorido  of  potassium  or  sodium,  and  metallic  Bodiam 
(Df  vi  He),  It  varies  iu  colour  from  yellow  to  greyish  white,  in  very  hard  a)id  brittle, 
p:isily  piilv^rtsfd,  mor«  fusible  tluiri  copper,  and  is  readily  attacked  by  nitric  ucid,  either 
■trong  or  dilate,  with  niMparation  of  a  grey  powder:  the  solution  gelatimBea  on  evapo- 
ration,    (Ptwv'«  MctcIJurgy,  i  283.) 

COPrSK,  SITXiPaikTS  07.  Neutral  cuprio  sulphaU,  Cu "SO*  +  5H^0.  f<wur« 
nivtive  as  Cf/aiio.^Uf  {q.  v.) ;  n  b^isto  Mulphate.  Cu''S0*.3Cu"H*0*,  also  occurs  nutive  as 
Br(?c/ntpfU.f{i.  t'^61)^  A  sulphiiio-chltirida  of  copper,  called  ConneUite,  is  found  io  Corn- 
wall (ii.  II).    See  also  Sulphates. 

COPFEK,  STTXiPBISBS  OF.  Copper  haa  a  great  affinity  for  eulphur,  burning 
in  its  vapour,  and  uniting  with  it  even  at  ordinary  teraptitatupee,  when  the  two  Bub- 
stancoa  are  trituratwi  together  in  the  finely  divided  state.  There  are  two  well-defined 
Bolphidea  of  copper,  Ca*S  and  CuS,  correspimding  to  the  oiidtij,  and  four  more  of  lei 
defined  constitutioo^  bat  supposed  to  contaia  respectively  2,  3,  4.  and  5  at.  aulphur  to 
1  at.  copper. 

PftoTosxiLPHtrn  or  Copfsr,  or  Copaic  Sclphidk,  Cu'S.  This  com- 
pound is  found  Dative,  a«  CovtHin,  Indigo  copper.  Blue  copper,  or  lireiihauptiit, 
eometimee  in  heiutj;nnal  plates,  with  very  perfect  basal  cleavage,  mon^  commonly 
maflaive  or  spheroidiii,  crj-stalline  on  the  surface.  It  is  soft,  flexible  in  thin  leavei^. 
of  tpeciflc  gravity  3'8,  opaque,  of  biuish-black  colour,  with  faiut  resinous  lustre.  Itl 
occurs,  with  other  copper  ores,  at  Leoping  in  Saltzburg,  Keilee  in  Poljind,  Liinper- 
hansL'n  in  Saxony,  Mausfeld  in  Tliuriagiii,  and  in  the  funiaroles  of  Vesuvius,  where  it 
forms  u  sooty  deposit  or  black  network,  like  a  spider's  web.  (Gm.  y.%2'Z;  Dana, 
ii.  flo.) 

Cup"*^  sulphide  is  thrown  down  from  cupric  salts  by  snlphydric  acid  or  sulphide  of 
Kmmonium,  us  a  brown  prmpitate,  which  bK'oines  browu-black  when  collected,  and« 
greenish -black  on  dryina; ;  it  oxidisea  very  quickly  on  exposure  to  the  nir,  acquiring  ao  ■ 
lu-id  reaction,  and,  if  moist,  is  compfctely  converted  into  cupric  nulphato  (.ii.  57).     it  is 
likewise  produced  by  triturating  cuprous  eulphide  with  culd  strong  uitric  acid,  which 
abBtracti}  half  the  copper. 

When  cupric  sidphide  i.«t  treatM  with  hot  nitric  acid,  the  copper  is  oxidised,  part 
of  the  sulphur  is  converted  into  siilphuric  acid,  and  the  rest  is  sepanited,  so  that  the 
resulting  solution  contains  both  nitrate  and  sulphate  of  copper.  Hot  concentrated  Ay- 
drothioric  acid  slowly  converts  it  into  nipric  chloride,  with  evolution  of  sulphydrio 
acid,  and  separation  of  milphur;  this  reaction  takes  place  most  easily  with  the  recently 
precipitat<^d  sulphide.  Cupric  sulphide  deromrioses  lifi'^T-galis,  the  copper  disaoIvinAj 
and  sulphide  of  silver  being  precipitated.  It  is  iusoluble  in  aqueous  sulphuron*  acid,  * 
jiotiish,  and  the  fixed  alkaline  sulphides,  slightly  soluble  in  sulphide  of  aimnonium. 

Hkmisclpkide  or  CoppBB,  or  CcPKOUs  SuLPHiDK,  Cu-S,  iwleo  called  Di&tit- 
phuU  of  copper. — Found  native,  as  Copper- fflona,  Vitreouf  copper,  or  IMrvikita,  in  cjy 
Htalfl  of  the  triraetric  system,  with  the  form  nf  Fiix-sided  priHms,  ooP ,  ocF'do  .  oP-  Ratio 
of  brachydiagOD*!,  macrodiagonal  and  principal  axis.  =  0SS22  :  1  :  0-9741  .  ocP  :  odPi 
=  60°  26',     Cleavage  very  imperfect,  parallel  to  ooP  (Kopp).     Twin  crystals  are  < 
frequent  nccurrence.     It  also  occurs  massive,  with  granular  or  compact  and  impal*! 
pable  etnictura.     Hpecific  gravity  -  fi'd — 5-8,    Hardness  =2*5 — 3.     Colour    blackishj 
leiul-grey  ;  lustre  mtilullic  streak  Iwid-grey,  sometimes  shining.     Fracture  conchoidaU| 
Sectile.     Fine  crystals  of  this  mineral  are  found   in   the  Cornish  mines;  it  occu 
also  in  Ha^ldingtonahire,  Ayrshire,  and  Fair  Island,   Scotland.     The   compact  and^ 
massive  varieties  occur  in  Silwria,  Hcttse,  Saxony,  the  Bannat;  also  in  Connecticut, 
New  Jersey,  and  other  parts  of  the  United  States ;  large  and  brilliant  crystals  are 
found  at  Bristol,  Coiinuctieut.      Copper  pyrites,  purple  copper,  and  black  copper, 
occur  as  pscudomorphs  afier  enpper-glance,     (Dan  a.  ii.  46.) 

Cnprous  sulphide  is  prepared  :  1.  By  triturating  copper  with  sulphur.  When  64  j 
ptH.  (2  at )  of  finely  divided  copper,  obtained  by  n-dueing  the  carbonate  with  hydrogen 
and  Ifl  pts.  (i  bL)  of  milk  of  sulphur  are  dried  together  over  oil  of  vitriol,  and  tritu 
rated  together  in  a  mortar,  so  gently  that  no  heat  is  produced  by  the  friction,  the^ 
combine  as  soon  as  a  uniform  mixture  is  attained,  and  form  bluish  cuprous  aulphide^w 
the  combination  being  attended  with  a  dovelopineut  oi  heat  which  raises  the  mass  tal 
redness.  If  the  pmi>ortion  of  the  copper  to  the  sulphur  be  even  slightly  altered,  1 
experiment  fails,  even  though  the  mortar  l>e  warmed,  If  the  mortar  be  wanned  Uf* 
20**  to  20"=*  C,  it  IS  not  necessary  to  dry  the  powdi^ra  previoa'^ly,  and  moreover,  flowers  of 
iuipbitr  may  be  os'^l  instead  of  milk  of  sulphur,  only  that  longer  trituration  iB  neces- 
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IS 


^tcry  to  iadiiM  eombination  (Wi  nkelbleeh,  Ann.  Ch.  PhuiB.  xu.  S4).  Solphidr  of 
rapper  ia  also  formccl  by  trituniting  copper  fliiogs  with  mlpbur  and  water. — 2.  Thin 
euppn*  leaf  boraa  with  ririd  inflammation  ia  •  gla«9  flaak  in  which  aulphur  haa  been 
bnird  till  it  Tolatiliaea.     &  pta.  of  oopp«r  filings  mixed  with  8  pta.  of  ptinnded  sul- 

£  unite,  with  incandcaeence,  wbea  aeated.  Tb«  sami^  compound  is  obtained  bj 
( together  platM  of  copper  and  pouiid«d  gulphur,  arrao^  in  a  crucible  in  alt«r> 
layers.— 3.  By  ignitiuK  proti>ude  of  copper  with  sulphur.— 4.  H)0  pts,  of  dry 


eopric  aulphate  heated  to  whiteness  in  a  crucible  lined  witb  charcoal,  yii'ld  47'6  pta. 
of  caproQS  auiphide,  mixed  with  a  few  granolei  of  tba  metaL  (Berthier,  Ana.  Ch 
Phyi.  zxii  236.) 


ArtiBcial  cuprous  sulphide  has  a  density  of  A-977fi  (Sarsten);  it  is  of  a  blackiali 
lead-g;n>y  colour,  and  fuMMt  much  more  eaauy  than  the  metaL 

Cuprous  sulphide  is  not  decomposed  when  heated  to  redness  oat  of  contact  of  air; 
but  if  the  air  oas  access  to  it,  combustion  takes  place,  and  euIphurouB  anhydride  und 
free  cupric  oxide  are  produced.  When  heated  to  redneas  in  a  currout  of  aqtuous  vapour^ 
it  is  but  slightly  decomposed ;  but  at  a  white  heat,  it  yields  large  quantities  of  hydrogen 
ga»  and  tialphuretted  hydrog^en,  together  with  sublimed  aulphur,  snd  the  onpp«r  is  com- 
pletely reduced  to  the  metallie  state  (Regnault,  Ann.  Ch.  Phys.  Ixii.  378).  [There 
IS  no  ttateroent  aa  to  what  beoomca  <n  the  oxygen  of  the  water.]  By  pko^phoretted 
k^fdrogm  cas  at  a  red  heat,  it  is  rery  slowly  resolved  into  Cu'Pand  auli^burctlcd  hy- 
dirogen  (K.  Rosa): 

acu^a  +  3PH'  -  co*p»  +  8H«a 

It  is  not  altered  by  ignition  in  a  stream  of  hydrogen  (H.  Rose).    It  is  not  decom- 

Shjektorin*  gat  at  ordinar>  temr»eratures,  Teiy  slowly  when  heated  fH.  Rose, 
hsUL  xliL  640).  It  di.<i9olves  with  difficulty  in  strong  boiling  kgdrochloric  acid, 
•voltltioa  of  sulphuretted  hydroijen  and  formation  of  hydrochloric  acid  and  cupruua 
oxide ;  in  heated  nitric  acid,  it  diisolres  with  acparution  of  sulphur,  whereas  cold 
nithc  add  withdraws  half  the  copper  and  leuros  protoaulphide  of  copper.  100  pts.  of 
enprons  sulphide,  ignited  with  77  pts.  or  rather  It-^a  of  mtrt,  yield  from  66  to  70  pta. 
of  metallic  copper  (Berthier).  \VhcD  cuprous  sulphide  is  ^ised  with  a  mixture  of 
cttiutie  9oda  and  carbonate  o/Bodium,  part  of  the  copper  is  reduced.  The  same  reducing 
action  is  exerted  by  a  mixture  of  earbonate  ofaodium  and  charcoal,  wbereaa  carbonate  of 
sodium  or  potash  alone  has  no  effect.  When  100  pta.  of  cuprous  sulphide  are  ftised  with 
70  pts.  of  dry  carbonate  of  sodium  and  with  ehareoal,  one  half  of  the  copper  ia  redncvd, 
and  the  rest  combines  as  sulphide  of  copper  with  the  sulphide  of  aodium  which  ia 
formed.  When  1  pt  of  cuprous  sulphide  is  heated  to  whiteness  with  4  pts.  of  carbonate 
of  sodium,  in  a  crucible  lined  with  charcoal,  nearly  all  the  copper  is  reduced.  100  pts. 
of  cuprous  sulphide  ignited  with  400  pta.  of  dry  carbonatf)  of  »odium  and  30  or  40  pta. 
of  iron,  yield  at  most  60  pta.  of  copper.  Also,  when  cu|hy)ii«  jiulphide  is  heated  to 
whiteness  with  baryta  or  limr  and  charcoal ,  part  of  the  copper  is  re>*iuc«d,  and  sulphide 
of  copper  and  barium  or  calcium  formed  at  the  same  time  (Berthier,  Ann.  Ch.  Phys. 
xxxiii.  160)  When  cuprous  sulphide  ia  fused  with /»no(oxia«  of  Uad,  the  mass  twils  up 
and  yields  sulphurous  anhydride,  cuprous  oxide,  which  combines  with  the  undccompos^-d 
leitd-oxide,  forming  a  red  shining  slag,  and  metallic  lead ;  100  pts.  of  cuprous  sulphide 
fliiJ  200  Uthaiige,  yield  104  pts.  of  coj.per  containing  lead.  With  from  30U  to  oOO  pta.  of 
litharge,  a  grey,  semiductile  alloy,  rich  in  lead,  is  obtained.  When  1000  pts.  of 
litharge  are  us«d,  280  pts.  of  ductile  lead  separate  out,  and  2500  pta.  of  litharge  yield 
S.S.^j  pr«t.  of  lead.  It  is  only  therefore  with  this  last  proportion  that  the  whole  of  the 
eul]<hidc  of  copper  is  rcitolved  into  aolphoroua  anhydride  and  cuprous  oxide : 

en's  +  3PbO  =  Cu«0  +  SO'  +  Pb». 

A^'PorrlJTJgly,  100  pis.  (I  nt.)  Cu*S  should  separate  624  pts.  (6  at.)  of  lead  =  lOO: 
8W  {Berthier,  Ann.  Ch.  Phj-s.  Ixxxix.  246).  MetaUie  ttad  exerts  nn  decomposing 
action  on  cuprous  sulphide  when  fuwl  with  it  (Karsten).  Cuprous  sulphide  ignited 
with  cuprie  Oitiit  it  easily  convert«d  into  sulphurous  anhydride  and  metallic  opper, 
or  cuprous  oxide.  1  at.  Cu*8  and  2  at.  Cu*0  are  completely  coaverted  into  sul- 
phurous anhydride  and  copper: 

Cu*S  +  2CuO  -  Cu«  +  S0». 

With  6  at.  CuO,  lh«  only  products  ore  sulphurous  anhydride  and  cuprous  oxide : 

Cu»S  +  fiCuO  .  4Cu«0  +  80'. 

Any  excess  of  cuprouf)  sulphide  remains  undeoomposed,  MetAllic  iron  decomposes 
cuprous    sulphide,  though    very  imperfectly,  yielding  opper  containing  iron,  irou 
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eontamm^  eoppex;  and  solphide  of  copper  and  iron.  Ferrie  oxide  eacarta  but  •  alight 
deoompoBinff  action,  and  ferrona  silicate  none  at  alL    (Om.  t.  421.^ 

Pofysurphidea  o/eopfer. — An  aqueona  aolntion  of  pentacolphide  Of  {wtasainni 
forma,  with  cnprie  aafta,  a  hTer-colonred  precipitate,  conaisting  of  CnS*,  which  tnm« 
hlMk  after  diyins,  ianot  altered  by  expoaore  to  the  air,  or  by  wariiing  with  boiling  wat«r, 
and  when  recently  precipitated  cUssolTea  in  aoaeona  carbonate  of  potaasitun,  forming 
a  brown  aolntion.  — The  disulphide,  triaulphiae,  and  tetraaulphide  of  potaasiam,  form 
with  cnprie  aalta,  predpitatea  of  the  same  colour,  likewiae  aolnble  in  carbonate  of  po- 
tasaium,  and  eonaiating  either  of  the  oomponnda,  CnS*,  CnS",  and  CuS\  or  oi  mixtnree 
of  CoS  and  CnS*.    (Berceliua.) 

Bulplsldes  of  Copper  and  AattmoBy.  a.  Wolfahergite.  AnUmonkd 
Copper,  Chalcostibites,  Kupferantimonglang. — A  mineTal  occurring  at  Wol&betg  in 
the  Hazz,  and  at  Ouadiz  in  Spain,  in  amall  aggr^ted  tabolar  priama  of  the  tri- 
metric  system,  exhibiting  the  facea  oF.  oo  P  .  oo  j^2  . »  P  ao.  Inclination  of  facea 
OD P : »  P  =  101° ;  oop2  :  00  P2  =  I880  12';  0Dp2  :  «  f  00  -  112°  24*.  Cleavago 
very  distinct,  parallel  to  w  P  oo ;  leaa  distinct,  parallel  to  oP.  Specific  gravitf^  4*748. 
Hardnesa  »  3— 4.  Lnatre  metallic.  Streak  black.  Colour  between  lead-  and  iron- 
grey.  Opaque.  Fractore  oonchoIdaL  Before  the  blowpipe  it  decrepitatea,  fiiaea 
readily,  and  on  charcoal  givee  ftunea  of  antimony ;  after  strong  heating  with  aoda^  it 
yields  a  globule  of  copper. 

The  mineral  ia  a  enprona  anlphantamonite,  Cu'SJ3b*S*,  or  oSb   1^'* 

H.  Rom.     Th.  Riehtar. 
CeaeuUMm.  Wa{ftberg.  OmMt, 

Cu*  .        .        .        .      638        26-61  24-46  25-86 

8b  ...        .    120*8        48-66  46*81  48*80 

8*  ....      64*0        26-88  26-84  26*29 

Iron 1-39  1-28 

Lead  ....      .    .          .    .  0-66         

247-6       10000  99-66  10018 

A.  Wolehite.  Aniimonial  Copper-glanee,  Antinumkupferglant. — A  mineral  oceor^ 
zing  in  the  iron  mines  at  St  Oertrand,  Carinthia,  in  short  rhombic  prisms,  cleaving  im- 
perfectly parallel  to  the  brachydiagonal ;  also  massire.  Specific  gravity  6-7 — 6*94. 
Hardness  ->  3.     Fracture  conchoTdud  to  uneven.    Brittle. 

The  analyaea  of  thia  mineral  differ  widely,  as  the  following  table  will  show :  — 

Schrfittor.  RammeUberg. 

Sulphur 28-60  16*81  16*28 

Copper 17-36  42'8S  43*69 

Antimony 16-66  24-41  24-46 

Arsenic 6*03 

Lead 29-90  1669  16-16 

Iron 1-40  0-36  068 

99-93  10000  10011 

The  mineral  is  probably  nothing  but  a  partially  altered  Bounionite  (L  661).  (Bam- 
melaberg,  pi  80;  Dana,  ii.  82.) 

For  the  Su^hanHmoniiea  of  copper  and  iron,  &c,  see  TsTBAHiDBm. 

SnlpbldoB  of  Ck>ppor  and  Araente.— None  of  these  compounda  ooenr  •• 
natural  minerab  (see  SuLPHi-BaxNiTES  and  Sulphabssnates,  L  390,  393).  In  many 
Tarietiea  of  grey  copper  the  antimony  is  partly  rej^aced  by  arsenic  (Seel^NNANTiTB.) 

Sulplildes  of  Copper  and  Hlsmntii.  a.  Tannenite,  KupfervoUmUhalanM. — 
Occurs  at  Tannenbaum,  near  Schwarzenberg  in  the  Erzgebirge  in  uiin  striated  TOisma, 
apparently  trimetric  Lustre  bright  metallic.  Colour  greyish  to  tin-white.  Heated 
in  an  open  tube  it  yields  sulphur.  Before  the  blowpipe  on  charcoal,  it  fusee  eaaily 
with  intumescence,  and  yields  with  soda  a  globule  of  copper.  Disaolves  in  nitrio  add 
with  deep  bluish-green  colour. 

Schneider  found  in  this  mineral  (mean  of  two  analyses)  18*83  per  cent.  8,  62*16  Bi, 

and  18-72  Cn»  which  agrees  very  nearly  wifh  the  formula  Cu*S.Bi*S»,  or  oB*'!^*  (*'*^' 
culation  19-08  S,  62*01  Bi,  18-91  Cu).  The  mineral  ia,  therefore,  analogous  in  oonati- 
tution  to  Wolfsbergite.     (Rammelsberg,  p.  103  ;  Dana,  ii.  73.) 

h.  Wittichenite.  Cupreoue  Bismuth,  Kupfervnsmuthers. — A  mineral  found  in  the 
cobalt  mines  near  Wittichen,  in  Baden,  sometimes  massive  and  disseminated,  some- 
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timM  b  ooane  oolamnar  Bh&pM,  or  aggregatM  of  tmporfcct  prLnna  (trun«trie?),  dear* 
ing  m  0D«  direction.  Sfiecille  gnrily  »  6.  Hardaeas  »  3-5.  Colour  ste«l>grry  or 
tin-white,  t^nuahinff  pole  \ead-gny.  Streak  black.  Fnaea  eaailj  in  an  opcsn  tube, 
riolding  aulphur  and  a  vliit«  aoDlimate,  Oo  charcoal  before  the  blowpipe  it  decrt- 
pitatoa,  mdta,  forms  a  joUow  depoait.  and  after  redaction  with  aoda  a  globule  of 
cmpfr.  Boilfrd  with  h^  '-■  ^i- -  f -■'  in  a  flaak,  witiiout  acces«  of  air,  it  diae-jlTc*. 
wilK  elimjnutton  of  nt.  u'en.   to  a  nearly  colourless  liquid,  a  certain 

quantity  of  u<litiix<Hi  tr;.  :-fnuininA  ondiasolred.     If,  on  the  cjthcr  Liiind* 

the  air  has  wecei»  to  the  liqutJ,  liic  lucUdlic  biainath  likewiae  diaaolvea  ftfter  a  vhile. 
Nitric  acid  diMolrea  the  minenil  with  B^'DaratJon  of  sulphur. 

The  analysis  of  thia  minoral  by  Schneider  (Pogg.  Ann.  xciii.  SOS,  472\  afi<v 
deduction  of  the  admixed  met«llic  biomuth,  gives  1&42  per  cent.  S,  43 "OS  Bi,  and 

37  53  Cn,  agreeing  with  the  fomaula  8Cu»8.Bi'S»,  or  ^^g^l  j  S*  (calculation  19*60  8, 

42-98  Bi,  and  38  42  Cw).  Other  nnahiitii  havf  ubtAined  different  remlu.  because  they 
ororlooked  the  aduixod  meUUic  biion'uth  (Kiinfimelaberg,  p.  104).  A  grey  masaivo 
mineml  found  in  the  Gei«tcrgHng  at  JuAchimsthii],  c/mtaining  9-04  per  cent.  S,  30-71 
Ab,  46*31  Bi,  and  13*04  Co,  appears  to  be  a  mixture.     (Rumnielaberg,  loe.  cit.) 

Sulphidei  of  Copper,   Biimuth,  and  Lead.    S^-e  Nkbolb-ohk. 

•alpbldea  or  Copper  and  Iroa.  a.  Copper  Pifritet.  Ciafcopyrite,  Thwanite, 
Cuivrt  mriteus,  Kupft-rhit^.  I  ( ■u*)''(  tV)"S* or  CVS.Fe*S'.— This  mineml  occurs  in  cry- 
BtAls  of  the  dimetric  f-yntem.  often  tetrahedral.  The  primaryfomi  P.forwhich  the  length 
of  the  principal  axis  is  to  thiU  of  the  secondary  axis  as  0986  :  1,  the  anple  of  the 
tenninnl  <^lgoa  =  109^  53'.  and  of  the  lateral  edges  -  IDS''  40',  occurs  in  ihe  hemi- 
hfHlntl  fiirm  as  a  sphenoid  (see  CBT«TAL.i.onRAj>inr).  both  alone  and  in  e<xnbination,  as 
iajuf.  146.  Cleavage  parallel  to  2?  oo.  bot  generally  in* 
diaitnct.  Frequently  in  twins.  It  often  oocnn  also  ma»> 
sire  and  imiwlpable.  Specific  gravity  4  1—4  3.  Lostrv 
mtittliir  Colour  brass- yellow,  sulgi-ct  to  tarnish,  and 
eitan  mdeaoent  Streak  greenish-bluck,  a  little  shining 
opaque.  Fraetura  oonchoidal,  nneven.  Rather  aectileL 
It  di-orepitatea  when  heated^  aoqoiriag  a  darker  colonr, 
and  Aometimea  giving  off  a  trace  of  sulphnr.  Gives  off  ' 
sulphurous  anhydride  when  roasted.  On  charcoal  before 
Ihe  blowpipe  it'  melte,  with  intumescence  and  sparkling. 
to  a  globule  which  is  dark  grey  within,  black  and  roogn 
without,  and  is  attracted  by  the  magnet.  The  roasted 
globule  gives,  with  fluxes,  the  reactions  of  copper  and  iron. 
It  dissolves  in  nitric  arid,  with  separation  of  sulphur. 

Anaf^ges.  -  a.  From  RamberR  in  the  Sayn  district,  crystallised  (H.  Rose).— A.  Prow 
Ihe  Fiirstenberg  district,  crystidlised  (H.  Rose). — e.  From  Orrijiirfvi,  Finland  (Hart- 
wall), — d.  English ;  aemtallised,  $  botiyoidaL— r.  Allevard,  D^partement  de  1'  Is&re, 
msMive  (Berthier).— /.  From  Kaa:Qord,  Norway  (l^tal a guti  and  Durocher).— 
ff.  Val  Castnioci,  Tuscany.— A.  Monte  Catini,  Tuscany.     ^BechL) 
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3446 
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38-76 
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33-12 

32-20 

3000 

31-20 
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84-09 

32-79 

Iroo     .    S047 

30  00 

30-08 

32-20 

30-80 

315 

28-61 

80^9 

29-76 

Qotfte .      0  27 

0-39 
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2-23 
100-79 

2-64 

10000 

110 
9766 

099 

. 

. 

0-W 

101-01 

100-UO 

100-00 

99  66 

Tba  farmola  Ca*Fe*S*  requires  84-69  per  cent  Co,  30-62  Fe.  and  34-89  S. 

Copper  pjrrites  is  the  nrincipal  copper  ore  in  the  Cornish  mines,  where  it  oceui* 
asNoeiated  with  tin,  purple  copper,  copper  glance,  galena,  grey  copper,  and  blende. 
The  Comirall  copper  pyritea  is  not,  however,  a  rich  ore,  rarely  yielding  12  per  cent, 
generally  only  7  or  8,  and  sometimes  only  3  or  4  per  cent  of  copper.  If  of  a  fine  ytd* 
low  colour  and  yielding  readily  to  the  hammer,  it  may  be  considered  a  good  ore ;  but 
if  hard  and  pale  yellow,  it  is  poor,  from  admixture  of  iron  pyntea.  The  copper  beds  of 
FahtuB  in  Sweden  are  also  composed  chiefly  of  copper  pyrites,  which  oecors  there  in  laige 
maasea,  surrounded  by  a  coating  of  serpentine  and  imbedded  in  gDcias.  It  occurs  also 
at  Rummelsberg.  near  GosLv  In  the  Harz;  at  Freilrt^rg,  in  the  Bannat;  in  Hungary;  in 
Tharingia ;  in  Scotland,  in  Kirkcudbright^  Wigtoiuihire,  Pwthshire,  and  Invemesahire; 
in  Tuscany ;  South  AoBtralia;  and  at  nnmeroua  loii-ulities  in  the  United  States. 

Cnpprr  pyrites  is  distinguished  from  iron  pyrites,  which  it  somewhat  resemblee,  bj 
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its  inferior  bordness;  it  may  be  cut  with  the  knife,  while  iron  pyritw  Btnkn  fl»  with 
•teeL     It  diffen  (torn  gold  in  b«ing  brittle  nnd  attacked  by  oitnc  acid. 

Copp«>r  pyrit«fl  eh&ngefl  to  cupric  aulphato  ou  exposoffl  to  moiFtnre,  eFpodally  if  I 
heated ;  it  ia  tomHimpa  also  altered  to  makchite,  corellin,  diryaooolla,  black  coppoe, 
eopp^r-glaoce,  and  oxide  of  iron. 

b.  Purple  Copper,     Erubescitc,    Variegattd  Copper,  Liver-Loured  Copper    OrA, 
PhUlipsiU,  Bumite  {Bunttyp/ercr^,  BmittT  Kupftrkus,  Cuivre pyriteux  hlpatvjuf). — • 
This  mineral  forma  cryBtals  belonging  Xa  the  monometrie  or  regular  system,  namely, 
the  cube,   octahedron,  rhombic  dodecahexlron,   and  intermediate  forms.      CleayagiBtj 
octahedral,  indititmct^     Twin  crystulfl  axe  of  frequent  occurrence ;  also  imperfect  cry»-l 
tHlliBarions,  with  granular  strongly  connected atructure.     Spi'cific gravity  =  *•* — 600^ 
Hardness  =  8.     Luatro  metallic.     Colour  between  copper-red  and  pinclibeck-browri, 
quickly  acquiring  a  parti- coloured  tanuBh.     Streak  pale  grByish  blick,  alightly  ahioixt^^j 
Fmoturc  uiuall  conchoidal,  uneven.     Brittle.  m 

Purjjle  copper  does  not  g;ive  off  Bulphur  when  ignited  in  a  test-tube,  but  when  heated" 
in  a  tubf  oppuat  both  enda,  it  yieida  a  large  quantity  of  eulphurous  anhydride,  but  co 
anblimati'.  Heated  on  charcoal  before  the  blowpipe,  it  ai'4uires  ii  dark  tarnish,  tlien 
becomes  black,  and  red  on  cooling.  At  a  somewhat  stronger  beat,  it  melta  to  a 
brittle  globule,  which  becomes  magnetic  after  sufficient  blowing,  uud  appears  greyibh- 
red  on  the  fractured  surface.  When  roast^Nl  for  a  considprable  time,  and  then  treated  | 
with  a  small  quantity  of  borax,  it  yields  a  button  of  copper,  uiid  if  fused  with  carbona 
of  sodium  after  the  sulphur  ia  completely  expelled,  it  yieldi  aefiarate  graniJea  of  copper 
«nd  iron.  After  roosting,  it  exhibits  with  fluxes  the  reactions  of  cupric  and  fcrrie 
oxides.     When  moistened  with  hydrochloric  acid,  it  colours  the  blowpipe  Hame  blue. 

There  are  aereral  Tarietiea  of  purplo  copper.  Rammelsborg  {Mint>raleh*iniii^ 
p.  114)  arranges  them  in  throe  groups,  containing  respectively  from  o6  to  68  per  cent^ 
eo  to  64  per  cent,  and  70  per  cent  copper, 

I.  Purple  copper,  coutiining  from  66  to  68  per  cent,  copper. — a.  Crj-stdliaed,  from 
the  Condtura  tmnc  ne-ar  Oambom,  CotnwalL  h.  CryHtalliaed,  from  Eedrutli,  in  Cnruwall 
(Chadnew).  e.  CryatalliHed,  of  unknown  origin  (ITarrontrapp).  d.  Mdasi ire,  from 
Monte  Cattini  in  Tuscany  (Bccbi).  e.  Maasipe,  from  the  Martenbeiig  mine,  Dalarn*, 
Sweden,     (Plattner.) 


rt. 

h. 

c. 

d. 

*. 

Sulphur 

.     2824 

26  81 

26-98 

2492 

2580 

Copper , 

.    6676 

67-89 

68-20 

65-88 

6610 

Iron      . 

,     14'84 

14-94 

14-84 

1803 

17-36 

99-84 

&B-67 

100-02 

98-83 

99-26 

2.  Containing  from  60  to  64  per  cent,  copper. — f.  From  Ferriccio  ui  Tuaeftnyl 
^Bechi).  g.  From  Mi^mo  in  Tuscany  (Bechi).  k.  From  Coquimbo  in  Chia^| 
l^dcking).  i.  From  Rosa  Island,  Kiliamey  (PhiHips).  j.  From  St  Pancrace, 
Dipartement  de  I'Aude  (Berthier).  k.  B'rom  Bristol,  Conneeticnt  (Bodemann). 
/.  From  the  Wortakisch  mine,  on  the  TVlaite  Sea  (^Plattner).  m.  From  Veetanfors* 
Kirchapiel,  Westmaulaad,  Sweden  (Hi singer),  n.  From  Siberia.  (RBrandes.) 
/.  g.  h.  I.         j.        X-.  ir. 

2470       23-98       26'16       23  76       240       26-70       26-08 
60-01       6016       6080       6107       62'3       62*70       63  03 


Sulphur 
Copper , 
Iron 


16-89 


1 00-60 


16-09 
99-23 


13-67 
99-93 


14-00 
98-82 


13-7 
1007 


U-63       11-66 
t9'65 


24-69 
63-33 
11-80 
99-82 


n. 

22-44 
6386 
13-21 
9961 


3.  Containing  70  per  cent,  cnpper. — o.  From  Eisleben  (Plattner),    p.  From  Monte 

Caatelli,  Tuscany,    j.  From  Naduud,  France  (Bert hie r).  r.  From  Sangershauseu, 
near  Eisleben.     (Plattner.) 

0.                 p.  q. 

Sulphur        ....     22-66            22-3  20-0 

Copper          ....     69-72            700  TO'O 

lion 7-64              7-0  7-9 

W^l            M-a  87-9 

Rammelaberg  regards  the  soTeral  Tarieties  of  purple  copptr  as  isomorphoua  mix*  11 
tares  of  the  c/impounds  aCu'S.Fe'^S',  and  «Cu*S.FeS.  If  ri  -s  2,  tliia  formal 
becomes  8Cu*S.Fc-S'  +  2Cu*S.FeS,  which  requires  2643  per  cent  S,  68- 16  Cu,  and 
16-41  Fe,  agreeing  nearly  with  the  analyses  h  and  e.  Any  value  of  n  greater  than  2 
inereasea  the  proportion  of  copper;  »  »  3  gives  26'67  per  cent  8,  60-86  Cu  and 
13-48  Fe,  which  is  very  nearly  the  composition  of  the  minerals  A,  i,  /;  and  n  =  II 
requires  22*62  per  cent.  S,  70*40  Cu,  and  6  68  Fe,  which  is  nearly  the  compoaitioa 
of  the  apecimena  o,  r. 
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Poiple  copper  oeeon  uaociAted  with  other  cmper  ona.  Cr7«t«UInfi  Tarietiea  lire 
found  in  Comwidl,  mostly  in  tbemiiica  of  Tincroft  and  Dolwatb,  near  R«drath,  wliero 
it  in  caJl«*d  bv  the  iniueM  "  horee-flesh  ore."  Massive  raripties  are  found  in  Hosa 
laluid,  Kiilarney,  in  the  cuprifeHHW  shale  of  the  M&nsfeld  dislrieU  also  ia  Nonrajr, 
Sibem,  Silosia,  the  Bannat,  and  in  Fennajrlrania,  New  Jersey,  and  Conncctieat. 

e.  Cuhan.    This  mineral,  found  at  Bamcanao  in  Cuba,  is  also  moaometric;  occor* 

ring  in  cuV>es ;  nbo  miLssive.     Colour  between  bronze  aiid  bruss-jellow.     Streak,  dark, 

rvUdisb.  bronze,  bUck.      Spw'ific  gravity  »  4026  (Breithaupt) ;  4169  (Booth), 

.Jlanlness  «  4.     Melts  easiJy  before  the  blow-pipe,  giring  offfumeu  of  aulpliur.     The 

bliowing  analyses  hare  been  made  of  it  (dedncting  silica) : 

Scbri<ltliAij«r.  E«*twlcli. 
8uJphur       .        .         .        .         .34-78         39  93 

Oipper 22-96         2026 

lion 42AI         3800 

99 -U9 


4011 
21-4G 
39-65 


40-19 
20-71 
39-41 


100  23 


10112       100-31 
Cu-S) 


The  first  analysts  agrees  nearly  ^th  the  formaU  Cn*Fe*S*,  or  ^p  U  [  Fe*S*,  which 

requires  35'38  per  cent.  S,  2338  Cu,  and  4124  Fe;  the  others,  which  oontain  a  much 
lai^or  quantity  of  sulphur,  approach  more  nearly  to  the  formula  CuSwFeS*,  which 
|icquir«a  42-21  S,  20  84  Ca.  and  36  94  Fe.  (Bammelsberg.  p.  118,  Dana  ii.  681.) 
d.  Copper  re  gut  us.  It  has  already  been  mentioned  that  the  retniU  produced  in 
oopper-smelting  consist  easentially  of  cuprous  sulphide,  (^1*8,  associated  with  snl* 
phidea  of  iron  (ii.  27—31  and  34,  36).  Field  (Chom.  Soc.  J.  xr.  126)  rogarda 
all  copper  rpfiTiH  as  compounds  of  cuprous  mlphide  in  variouB  proportions  with  1  at. 
F«*8*,  1  at.  Fb'S*.  and  2  aL  IVS.  The  following  table  exhibits  the  composition  of 
some  sampleiH  of  furoace  regali  at  different  stages  of  the  smelting  process,  as  compared 
with  this  theoretical  riew.  The  first  is  clean  rrgulus  fr»>in  ft  furnnoo  ;  the  Sfcond  is 
the  same  after  some  huun*  roasting ;  the  third  the  same  after  further  rr>Asting  nod 
skimming.     The  fifth  (with  8  at.  Cu'S)  is  a  specimen  of  native  blue  sulphide. 


Competition  of  Copper  RegvJut. 


Sulpbtir 
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With  .1  ai. 

cu«a. 

With  .s  at. 
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With  7  at. 
Co?8. 

With  1  at, 
Cu»a. 

with  IS  St. 
Cu*S.       1 

Cak. 

Esp. 

1  CaIc    E»p. 
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-id  34    -nw 

a4-M 

Ttm 

14m 

^4  93 

■H  SI 

23  41 
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COFPES,  TB&&Trs.Z3iS  or*    Pale  red  compound.    (Berselin&) 

OOWaXv  TiTVCSTJiTS  or.     Found  native  in  a  mine  in  Carrabas  Covnty, 

North  Carolina.     (I)  nil  a.  ii.  602.) 

OOyrv&,  VAXASATB  OI*.  Occurs  native,  as  Yolborthite,  in  Siberia  and 
Tburingia.  VauadaL^  (>f  cirppcr  and  U ad  are  found  in  the  Lake  Superior  region,  and 
in  Chile.     {Sue  Vasadatm.) 

cOFTza,  VAaZBOAXva.    8yn.  with  Pwu  Copm  (u.  77). 

COPFSS«  VirSEOCS.    Syn.  with  CoFPan-aLANcn  (ii.  T4). 

COP PB&' BASES,  AUKMOVZACAXh  The  ammonio^hlondffl,  iodides,  oxides^ 
&c.,  of  copper  alrea*ly  describod,  and  likewise  certain  ammonio-copp«>r  compounds  con- 
taining (tulphurie  and  other  oxygen-acids,  may  be  regarded  as  Balt«  of  ammonium- 

■  molecules,  in  which  the  hydrogen  is  more  or  leas  replaced  by  ammonium  and  by  ca- 

I  pri^'um,  or  cuprosam,  thus  [Am  =  NU*] : 


1.  ChlonMe  of  Cuprammonium^ 
(ii63)  .        .        -i 

9.  Sulp)wt«  of  Cuprammonium 
]  S.  Snlphato  of  (."upricum  and) 
Cuprnmmonium      .         . ) 
%4   Bromide  of  AmmoMjapram- / 
monium .         .         .         .) 
6.  Chloride         of       Diammo-| 
cupraromonsum       .         .( 


2NH'.CuCl» 

2NH».CuS0« 
2NH».2CuSO« 

3NH».CttBr» 

4NH».Cua« 


.  (N«H*Cu)'.a' 
«  (N»H«Cn)'.SO* 

-  (N»H'Cn''Am)-.Br« 

-  (N»H«Ct»''Am»)".Cl» 
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6.  Iodide    of     Duumnonio-f     4NH».Cu"I«  -  (N«H*Cu''Ara*)'.Cl« 

CQprammonium  .        .S 

7.  Bromate     of     Diammo.[     4NH».Cu''(BrO»)«       -  (N»H*Cu''Am«)'-(BrO«? 

caprammoninm  .        .i  ^        '  ^  /  \        / 

8.  Nitrate       of      Diammo-)     4NH«.Ca''(N0»)»        =  (N^H^Cu-Arn'r/NO*)* 

cuprammonmin   .        .)  ^       '  /  \       / 

9.  Hydrate     of      Diammo-)     4NH«.Cu''0  +  4H*0  =  rN«H<Cu"Am«).(H0)«+8aq. 

cnprammoDium   .        .  J  /  \       /  i. 

10.  Sulphate     of     Diammo- 1     4NH".Cu''S0'  +  H»0  =(N*H*Cu''Am*).SO*  +  aq. 

cnprammonmrn  .        .\ 

11.  Hyp<wulphateofDiammo-|     4NH'.Chi"S»0«  -  (N*H*Cu''Am»)''.8K)« 

cuprammomum  .        .) 

13.  Iodide     of     Diammonio-|     4NH«.fCu«)"P  =  rN«H*rCan"Am«r.P 

cuprosammonium         .)  ^       '  l         \      /         j 

1 8.  Hydrate  of   Diammonio-  j     4Nh«.8Cu''0  +  6HH)  -  (N»Cu'^Am»)'.(HO)«  +  7«q. 
tncaptammonmm       .y  ^  /  \      /        — x 

14.  Bromide    of    Triammo-|     5NH«.Cu"Br«  =  (N»H»Cu''Am»)''.Br« 

cuprammomum   .        .V 

16.  Sulphate    of     Triammo- 1     5nh».Cu'^0*  =  (N'H'Cu'AmT-SO* 

cuprammomum  ,        ,\  ^  ' 

16.  Chloride       of       Tetra-(     6NH».Cu''C1«  -  f N»H«Cu'AmT.Cl« 

cuprammomum  •        .>  ^  ' 

Pentammonio^u^rie  Sulphate,  or  Sulphate  of  Triammo-euprammo- 
nium,  6NH».Cu''80*,  is  produced  when  anhydrous  cupric  sulphate  is  exposed  to  the 
action  of  dry  ammonia-gas,  rapid  absorption  then  taking  place,  attended  with  rise  of 
temperature  and  tumefaction.  The  product  is  a  blue  powder,  which  melts  at  a  mode- 
rate red  heat,  giving  off  a  large  quantity  of  ammonia,  together  with  water  and  sulphite 
of  ammonium,  and  leaving  cupric  sulphate  mixed  with  metallic  copper.  It  dissolves 
completely  in  water,  forming  an  azure-blue  solution.  (Bammelsberg,  Fogg.  Ann. 
XX.  150.) 

Tetrammonio-cuprie  Sulphate,  or  Sulphate  of  Diammo-cuprammo- 
li«««i,4NH*.Cu"S0*  +  H*0,  also  called  Cttprosulphaie  qf  ammonia.Cuprwn  ammoniacale, 
Ku^eraalmiak,  i«  produced  by  treating  crystallised  cupric  sulphate,  either  pulverised 
or  dissolved  in  water,  with  ammonia,  till  the  precipitate  is  completely  redissolved.  It 
crystallises  by  evaporation,  or  better,  on  carefully  covering  the  solution  with  a  layer 
of  alcohol,  or  exposing  it  to  a  low  temperature,  in  long  thin  prismatic  crystals  of  tlie 
trimetrie  system,  transparent,  and  of  dark  anire-blue  colour.  On  agitating  tiie 
ammoniacal  solution  with  alcohol,  the  salt  is  precipitated  in  the  form  of  a  blue  crystal- 
line powder.  It  must  be  quickly  dried  between  bibulous  paper,  and  kept  in  well-closed 
vesseb.  It  dissolves  in  1^  times  its  weight  of  cold  water.  When  exposed  to  the  air, 
it  gives  off  ammonia  and  leaves  a  green  powder,  which  appears  to  be  a  mixture  of 
sulphate  of  ammonium  and  tetrabasic  cupric  sulphate,  CuSO*.3CuO.  When  heated 
for  lome  time  to  a  temperature  not  exceeding  149°  C,  it  gives  off  2  at.  ammonia  aod 
1  at.  water,  and  leaves  sulphate  of  cuprammonium : 

4NH».CuS0*  +  H«0  -  (2NH»  +  H«0)  -  (N'H«Cu)".SO<  ; 

■ad  this  residue  gradually  heated  to  205"  C.  gives  off  another  atom  of  ammonia,  leaT- 
ing  sulphate  of  cupricnm  and  cuprammonium,  (N>H*Cu)".Cu''(SO')* :  and  this  again, 
if  gradually  heated  to  260*'  C,  still  gives  off  1  at  ammonia,  and  leaves  neutral  sulphata 
of  copper,  CuSO'.  The  aqueous  solution  of  the  tetrammonio-cuprie  salt  when  exposed 
to  the  air  deposits  tetrabasic  cupric  sulphate,  which  is  likewise  precipitated  when  the 
solution  is  largely  diluted  with  water.  Zinc  quickly  precipitates  metallic  copper  from 
the  solution ;  cadmium  and  lead  decompose  it  more  slowly ;  arsenic  decomposes  it 
oompletely,  forming  cupric  arsenite ;  bismuth,  antimony,  tin  and  iron  have  no  effect 
upon  it.    (Gm.  v.  449.) 

Neutral  Sulphate  of  Cuprammonium,  (N»H«Cuf.SO',  obtained  as  above 
stated  by  gradually  heating  the  preceding  salt  to  149°  C,  is  an  apple-green  powder, 
which,  on  exposure  to  the  air,  absorbs  water  and  turns  blue.  If  moistened  with  a 
small  quantity  of  water,  it  becomes  very  hot,  and  turns  blue  immediately.  An  excess 
of  water  decomposes  it  into  sulphate  of  ammonium,  tetrammonio-cuprie  sulphate,  and 
tetrabasic  cupnc  sulphate : 

5(N»HK}oSO<)  +  4H«0  -  8N«H«80»  +  4NH».CuS0«.HK)  ^.  (CnS0«.8CuO> 
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r      Smlphata     of      Cttprieum      and      Cuprammonium,     NU'.CuSO*,      or 
f*       Q^ '  I  (S0*)»,  i«  the  residoe  obtaiaod  by  geollj  hmting  anhydrous  cupric  salphato 

iMtnrated  with  ammosift,  or  by  gradtukUj  bcfttiog  tttraiamotiio-capric  sulphate  to 
>t49O0.     (Om.  T.  460.) 

Titrammonio-cuprie  Nitrate^  or  Nitrate  of  Diammo-euprammonium, 
iiH*.Oi"(S0*)*,ia  obtained  by  sMtaratinga  hotcoDceotrated  aolntion  of  cupric  niLmto 
^th  am]non>a*ga«,  and  leaving  the  solution  to  CTy«talU»e  by  coolinB.  It  lorau  blae 
Deedl»-shaped  cryatals,  which  f^ro  ofTa  little  Ammonia  when  heated,  but  no  water  if 
it  baa  been  preTiomily  well  dried.  At  a  higher  temperntaie  it  explodoe.  It  dSaaolTea 
eaailj  in  water ;  a  amall  quantity  of  acid  i^ded  to  the  eolution  throwa  down  a  basie 
capnc  iiitnto.    (Om.  v.  466.) 

Bromate  of  Diammo-euprammonium,  4NH'.Cu(BrO*)',  ia  precipitated  in  dark 
blue  needles  and  na  a  crystalline  powder,  on  adding  alcohol  to  an  nmmoniacal  bolution 
rf  eaprie  bromate.  It  tonui  green  when  ezpoeed  to  the  air,  diaaolves  in  a  Bmall  quiin- 
kity  of  wat«r,  bat  is  deoompoaod  by  a  laiger  quantity,  with  precipitation  of  cupric 
'jdrato.  (Om.  r.  463.) 
Tbe  oorrBsponding  iodatt  ii  formed  in  a  similar  manner. 

Teirammonio-euorie  Hypotulpkate,  or  Hypotulpkate  of  DiammO' 
V^Mprammonium,  4NH*.Cti'*S^0*,  is  produced  by  supcrsatoiating  a  Bomcwhat  dilute 
I  solution  of  cupric  hypoeulphate  with  ammonia.  It  crystalliiies  in  asuro-bluo  rectangular 
Itabloa,  permanent  in  the  air,  sparingly  soluble  in  water.  (Gm.  t.  448.) 
I  Tha  following  salt*  of  cupntmmoniom  and  ammo-cuprammonium  have  lately  been 
I  obtained. 

Silicate  of  cuprammoniam (N»H«Cn)'^i*0» 

Tung8tat«>  of  cuprammoninm (N'II«Cti/'AVO«  +  HK) 

Antiroonato  of  cupmmmoDium         ....     (N'li*t"u)'Sb-0'  +  4H*0 
Pyrophoephato  of  cuprammoniam    ....     (N-li*0uJ4**0'  +  H'O 
Orthophosphate  of  eupricum  and  cuprammonium    .    (N*ll"Cu)»Cu"P'0* 

Areeoate  of  cuprammonium (N'H'CufUAsO*  +  H*0 

Acetate  of  cuprammonium C^H^N'llHurO*  +  2H»0 

Tartrate  of  cuprammoniam C*H«(N'II»(;u)"0* 

Tartrate  of  diammocupnunmonium  .        .         .     C*H*(N*H*Cu"'Am*)''0* 

Succinate  of  diammocuprammonium         .        .        ,    C*HXN'H*Cu"Am*)''0* 
Theee  salts  are  obtained  either  by  saturating  cupric  salts  with  ammonia,  or  by 
decomposing  cuprammoniam  aulphate,  N>H*Cu80V  with  barium  salts. 

Ethylamine  seems  to  form  cuprammonioms  of  analogoos  composition.  (Hugo 
Schiff,  Compt.  rend.  liii.  410.) 

OOmB-VSOTX.  A  basic  arsenate  of  copper,  Cn'AB'0*.2CuH*0*  *  7  aq.,  also 
called  J^rolite  and  Phenmeonderitt,  found  native  at  Falkonstein  in  the  Tyrol,  and 
other  localities.     (See  Ttbouts.) 

COWBB-GXft&JrCB,     Native  cuprous  sulphide  (ii.  74). 

COPPBS^Gl^AirCS,  AVTZMOVZAX..     (See  ii.  75.) 

COFPX^  QAKHHfOt  Chryeocolla.  A  natiro  silicate  of  copper,  CuSiO'-f  aq., 
occurring  in  (JomwaU,  Uangaty,  Siberia,  South  Australia,  &c..  and  used  as  an  ore  ol 
copper.    (See  Silicatis.) 

COWBS-imCA.  This  term  is  applied  to  two  rery  different  substances,  vie. : 
1.  A  UiiLive  arsonate  of  copper  of  somewhat  rariable  composition  (Cu*As*0*.5CuH*0' 
+  s  oq.),  also  called  Tamaritt  and  ChalcophylliU,     (See  Taxjjutb.) 

3.  A  cwpraits  tmiimonite,  3Ca*0.SbK>*,  or  (Cu')*Sb*0*,  which  is  eometimes  found  in 
refined  copper  prepared  from  antimonial  ores,  and  renders  it  more  cold-short  than  red- 
short.  When  copper  of  this  description  is  dissolved  in  cold  or  slightly  warmed  nitric 
acid,  the  cuprous  antimonite  is  left  behind,  in  very  thin,  regular,  six-sided  lamina;, 
tnuislucent,  having  a  gold>yellow  colour,  and  becoming  bruwn  and  opaque  while  hot. 
la  tlis  ftame  of  the  oxyhydrogen  blow^pipe,  they  melt  to  a  black-brown  glass.  With 
boiax  they  exhibit  a  slight  intumescence,  and  form  a  yuLlowicih-broWn  glass,  turning 
greenish-blue  whon  mixed  with  nitre.  Strong  hydrochloric  aciil  dissolvej*  them  more 
eompletflly  than  any  other  acid.     The  compound  gave  by  analysis  (deducting  small 

I  qnantilies  of  lead,  sij'vur,  iron,  silica,  and  alumina),  57 '68  per  cent.  Cu^O,  and  42*32 

LBb'O'  (calculation.  68-64  Cu'O,  and  41-16  Sb^).     (Hausmann  and  Stromeyer, 

[Schw.  J.  six.  241.) 

T      Copper-miea,  mekdifertnu    (7Cu0.6NiO).     8b»0"f    This  eompoued    is    obtained 

from  copper  smelted  at  Ooslar.     After  the  copper  has  been  treated  with  dilute  nitric 

acid,  the  copper  mica  is  freed  frjm  arsenical  oxide  of  antimony — proceeding  from 
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Bniimonido  of  coppiT  preriouslj  contained  in  ttie  copper,  snd  (l«conipoe«d  bj  the  nftriff 
aciii — bj  digesting  it  in  a  mixturo  of  hydroi^hlorie  and  tiirttiric  iicid.  In  thiu  mamier 
100  parts  of  highly  micaceous  copper  yi^M  4'16  pta.  of  pure  copper-mica.  It  forma 
pale  greenish-yellow,  trajwlut-eat,  strongly  lustrouB,  regular  fiLx-«ided  lamiiue,  which 
issume  a  transient  yeLow  colour  whon  heuU-cL  Thia  compound  neither  faaea  nor 
Buffun)  any  alteration  at  a  red  heat  With  carbonate  of  soda  on  charcoal,  it  yields  a 
white  brittle  metal,  and  covers  the  charco&l  with  antimonic  oxide.  Heated  in  th« 
outer  blowpipe-flame  with  borax  or  microconnic  salt,  it  dissolves  immediately,  and 
forms  a  light  green  ^laM.  It  is  Bcarcelj  attacked  by  acida,  excepting  by  eoncen* 
trated  hydrochloric  ucid,  which  diseolTc^  it  after  long  boiling.  When  hydrogen  gaa  iM 
paased  over  lUO  pta.  of  red-hot  copper-mica,  a  quantity  of  water  in  obtained  corre- 
sponding to  18"10  per  cent  of  oxygeu.  (In  this  reaction  2*56  pta.  of  the  mica — thoLt 
which  contains  only  nickel  and  no  copper — appear  to  escape  deoompoaitioa.)  The 
residue  ia  baked  t(^ether,  but  elill  retains  the  form  of  lamin© ;  it  may  be  decomposed 
by  nitric  acid  or  by  chlorine ;  in  cither  case,  the  pure  ulckel-tnica  remaina  undecom- 
poscd. 

Niclceh7eroa»  coppcr-nuca  giTca  by  analysis  (abfltracting  the  nickel-auca)  44-28  per 
cent.  CSiO,  30-61  NiO,  and  2511  Sb'O*,  the  above  formula  requiring  46-13  CuO, 
30-21  NiO,  and  24-66  Sh»0*.     (Boucher,  Pogg.  Ann.  xli.  335.) 

COFPSR-nzckeXn    Native  arsenide  of  oickeL     (See  Nickel.) 

COPPER-PTSIfXia.     (See  ScLPHmEs  of  Coppkb  and  Ihon,  ii  77.) 

COFPBK&S.     Protoaulphate  of  iroQ.     (See  Strif  HAtxs.) 

COVKOXIXISS.  The  excrements  of  extinct  animals,  found  in  large  qujintities  in 
eertain  geological  fonnationa,  especially  in  the  Vi&a.  Their  true  nature  wa»  first 
pointed  out  by  Bucklsjid.  They  consult  mainly  of  phosphate  and  carbonate  o.  cal- 
cituo,  the  qoantity  of  phosphate  sometimes  amounting  to  between  80  and  00  per  ceiri. ; 
they  contain  also  magnesia,  oxide  of  iron,  silica,  water,  and  organic  matter,  with  small 
quantities  of  manganese  and  fluorine.  Their  composition  is,  in  fact,  very  much  like 
that  of  bone,  the  bony  constituents  of  the  excrements  having  resisted  the  action  of  de- 
eompo$<iag  agents  more  than  the  other  portions.  The  quantity  of  phosphoric  acid  in 
coprolites  renders  them  veiy  valuable  aa  manure. 

Analyses  of  C&proUtea, 
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Th«  dulk  Buri  tnd  adjoining  gtist*  aire  also  reiy  rich  in  ooprolitM  and  othn  pe- 
triiketionB  eontiining  phnephoric  acid,  as  Bbown  by  the  following  analjBca  made  bj 
HeMTB.  J.  M.  Fuiuti  and  J.  T.  Wmj  (Journ.  Boy.  A^.  Soc.  vol.  ix.  pt  1) : 

a.  The  chalk  marl  with  fosail^  containing  a  large  quantatj  of  phosphoric  add. 
A.  The  marl  itself  from  which  the  petrifactions  have  bijen  separated  Ij  sifting,  e.  In- 
dont^d  marl  and  small  fosiila  which  remained  on  the  Btere.  d.  Marl  froiu  Bentloy 
with  the  fooola.  e.  The  foaails  therefirom.  /.  Petrifactiooa  in  the  upper  marly  layer 
of  the  Upper  Grwnaand.  p.  Soft  amorphous  bodies  in  tbe  same.  A.  Petriiactioiu  in 
the  Oaolt,  xtry  rich  in  phoephonc  add.  i.  Petriftctions  at  the  junction  of  the  Oanlt 
with  the  Lower  Greensand.  A.  A  conglomerate  of  petrifaetioDa  with  laodstone  cement. 
L  Gzeen  granules  from  the  Lower  GiMiisaDd. 

fetr\faetiont  in  tit  Chalk  Marl  and  a^oining  Strata. 
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COWXiA.    d««  CoNTuaaTBD  Co]ii>orvp8  (iL  8). 

OOQVZBL81TB.  ^A<Y(!  Copprras, — A  hydrated  ferric  ralphate  fonnd  in  the  diB> 
trict  of  Copiapo  in  the  province  of  Coqnimbo^  Chile,  app&rentlj  produced  by  the  wea- 
thering of  iron  pyrites.  It  forma  cry«tala  belonging  to  the  hexagonal  system,  namely, 
small  six-sided  prisms  with  troncatM  pyramidal  summits,  <*>  P  Jp  .  oP.  Anglo  of  the 
terminal  edges  «  128<*  8';  of  the  lateral  edges  -  68°.  Clearago  imperfect,  parallel 
to  the  prismatic  tacti.  Also  in  fine-grained  masses.  Specific  gravity  ■>  2 — 2'1. 
Hardness  ~  3*25.  Colour  whits,  ineJining  to  brown,  yellow,  green,  and  sometimes 
blue.  Lustre  ritreoua,  Transparent  or  tninslaccnt.  Tuate  astringent  Before  the 
blowpipe  it  first  gives  off  water,  then  sulphurous  acid,  aud  leaves  a  residue  of  ferric 
oxide.  It  diasolves  in  cold  water  and  in  hydroehloric  acid,  leaving  only  a  small  quan- 
tity^ of  silica.  The  aqueous  solution  depoeits  a  large  quantity  of  ferric  oxide  on 
boiling. 

Anaiysesi  l>y  H.  Rose  (Pogg.  Ann.  xxriL  310) : 
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These  analyses  agree  nearly  with  the  formula : 

Fe»0».830«  -f  ©H'O  =  F«»(80»)«  +  9H»0,  or/ZBO*  +  8H»0 ; 

[if /«  -  fFe  -  37?).  which  reouires  42-7  SO*.  28*6  Fe*0«,  and  288  water. 

The  same  salt  has  been  founa,  also  in  hexagonal  ciystals,  by  Scacchi  in  the  Phle- 
gnaan  Fields,  together  with  Ualotrychin.  Ram  m  els  berg  {Miiwralchemie,  p.  274) 
also  reeards  as  coquimbito,  a  mineral  fn^m  Coquimbo,  formerly  called  &aktite, 
antJysed  by  Blake  (Journ.  BoaU  Soc.  Nat.  Hist),  and  found  to  contain  41'37  per  cent. 
S0».  26  79  Fo*0»,  1-06  A1»0*,  0-30  MgO,  0-82  SiO»,  and  2040  watur,  which  i^r««» 
nearly  with  the  preceding  formula ;  but  it  crj-stallises  in  regular  octahedrons.  Dana 
fiuy:gosta  that  it  may  be  an  iron  alum. 

COJtilCZTX.  A  mineral  found  on  the  north  coast  of  I^nke  Superior,  where  it 
forms  beds  2  inches  thick  in  syenite;.  It  is  omorphona,  with  rough,  concboTdal, 
niiinoua  fracture.  Colour  black  with  grey  streak.  Specific  gravity  4'378.  Hard- 
iieaB4*6.  Heated  alono  before  the  blowpipe  it  remains  nnalt4-n-d ;  with  fluxes  it  (rives 
the  reactions  of  uninium.  It  sppeara  to  b«  a  variety  of  pitchljlende,  in  which  the 
qranic  oxide  is  partly  replaced  bjr  alamina  (Leconte,  SiLL  Am.  J.  [3]  iiL  173; 
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Jahresber.  f.  Ohem.  I  1847-48,  11B7)^    An  wmlyais  by  Whitney  (831  Am.  J.  [2J 
fiL  484)  gave: 

U»0>      A1'0»     Fe*0»      PbO       C»0     C0«       SiO*       BO       Total. 
69-30       0-90       2-24        6-36       14-44     747       4-35       4-64  -  98  70 

OOXASi.  Coral  rocks  couaist  maiiily  of  carboQal«  of  raklum,  m€k  Titriable 
quantities  of  carbonate  of  magn^smm  and  organic  matter,  and  amall  qaantitirc*  of 
phosphate,  Bulphat^,  and  fluoride  of  calcinm,  alkaline  chloride*,  oxide  of  iron,  atjd 
■ilicii.  Silliman  found  in  fresh  corals  only  1  per  cent  of  mflgnMia,  but  in  dense  conJ 
rock  the  carLonate  of  magresiiun  waa  found  to  amount  to  88-07  per  cent  Aoothec 
rock,  conniating  of  the  dtl>ria  of  corola  coatamed  6"29  per  cent  carbonate  of  magnexianu 
The  preaence  of  the  ma^csia  appoara  to  be  due  to  a  doable  decoojipotfiiion  taking 
place  between  the  orii^inal  carbonate  of  calcium  of  the  rockf  and  the  magnraian  salts 
in  aea-water,  a  procvsa  which  LikcwiBO  coutributaa  to  the  hardening  of  the  roclL 
(Jahwbw.  f.  OhenL  1847-8,  1291.) 

B.  Sillimaii,  Jan.  (Sill.  Am.  J.  [2]  xii.  174),  found  in  a  considerable  number  of 
reef-fonning  conils,  from  2-11  to  8-43  per  cent  organic  matter;  the  reaidue  left  after 
tl»e  remoTid  of  this  contained  from  97  to  99  per  cent  carbonate  of  calcium,  together 
vn'th  soluble  ailii^a,  lime  probably  in  combination  with  ailica,  alao  carbonate  of  ma^e- 
ainm,  and  the  other  salts  above-mentioned. 

The  red  pigment  of  corulfl  ia,  according  to  Trommidorff,  not  ferric  oxide,  but  a  red 
resin  aoluWe  in  oil  of  turpentine,  and  after  removal  from  the  coral  by  this  solTent, 
easily  soluble  also  in  alcahol  and  ether,  but  insoluble  in  cauetic  potash.  In  a  red 
madrepore,  Vnuquelin  found  a  red  colouring  matter,  which  waa  turned  violet  by 
■Jkulisw 

The  organic  matter  of  the  etema  of  polypes  appears  in  some  eases  to  consist  of  chitin 
or  eonchiolin. 

In  Corallium  noMUy  Forchhammer  found  2'13  per  cent*  in  laU  htppwiUt,  6-32 
per  cent,  carlxmste  of  magnesium.  In  CoroUiwn  rubrum  and  Madrcpora  ocutata, 
Stmtingh  and  Fyfe  found  a  trace  of  iodine. 

Respecting  the  compoRitinn  and  alterations  of  eoral  rocks,  see  also  Dan  a  (Sill.  Am. 
J,  [2]  vi.  268).  Forchhammer  (J.  pr.  Chem.  slix.  52;  Chem.  Gas.  1849,  411.) — 
Damoiir  (Ann,  Ch.  Phya.  [3]  niii.  362).  Dana  {ibid,  410),  — Also  Jahresbei. 
f.  Chcm.  1847—8,  p.  1291:  1840,  p.  813;  1861,  p.  86fi ;  185-2.  pp.  958—961. 

COM  it  Tj^TTT  A  OZndWA,XZS,  Nodtdaria  officinalis,  Muscits  eorallinuM  s. 
ntarinus. — The  shell  of  a  marine  radiate  animal,  formerly  used  in  medicine.  Accord- 
ing to  an  analysis  by  Bouvier  (Ann.  Chim.  viiL  308),  it  eonsista  of  61 '6  per  cent,  carbo- 
nate of  calcium,  7"4  carbonute  of  magnesium,  0-3  gypstim,  1-9  chlonde  of  sodiam, 
0-2  ferric  oxide,  6-6  gelatinous  mutter,  6-4  albumin,  and  probably  also  iodine  and 
bromines  It  was  used  comminuted  and  mixed  with  other  corals,  viz.  C. /ragilissima, 
C,  eyUndricOf  C.  mtmiformist  &c 

COItSSSSXTX*     Sjn.  with  DiCHBok'TS. 

COS,lAirSEm,OXXiOl'.  (Trommsdorff;  ATch.Pharm,[2]ii.  114.— Kawalicr, 
J.  pr.  Chr'in.  Lxviii.  226,)— Coriander  seeds,  the  fruit  of  CoHandrutn  aatitrutn,  contAin 
about  0*37  per  cent,  of  a  volntile  oil,  besides  fat,  eitractivc  matter,  &c.  The  volatile 
oil,  which  is  obtained  by  distilling  the  bruised  fruit  with  water,  ia  colourloas  or  pale 
jellow,  baa  an  aromatic  taste,  and  when  concentrated,  smolla  like  the  seeds,  though 
jnar«  agreeably;  in  the  dilute  stuto  it  emellB  bk©  orange-flowers.  Speeifle  gravity 
0-859  (Tromrosdorff),  0871  at  U°  C.  (Kawalier).  It  dissolvea  in  afcohol,  ether,  and 
oUji,  both  flxod  and  volatile.  It  explodes  violently  with  iodint.  With  strong  nitrie 
acid,  it  becomos  very  hot,  and  forms  a  resinous  mass.  Strong  avlphuric  add  converts 
it  into  a  brown-red  liquid,  which  carbonisea  quickly  when  heated. 

Coriander  oil  is  a  mixture  of  several  oils,  and  appears  to  vair  in  composition.  It 
contains  a  volatilt*  oxygenated  oil,  and  alesa  volatile  oil  containing  little  or  no  oxygen. 
The  crude  oil  begins  to  boil  at  160"  C,  an  oil  then  passing  over  corresponding  in  com- 
position to  the  formula  C'»H"0,  or  C*IP*CP;  afterwards  the  temperature  rises,  and 
a  less  volatile  oil  distils  over,  containing,  according  to  Eawalier,  C**H**0,  or  perhaps 
2C»If\H0,  or  4C"H"*.H»0.  The  crude  oa  dititilled  with  j>hotphoric  anl^dnde 
yields  a  distillate  of  camphene,  C'*H"« 

CoriBnder-oil  saturated  at  a  low  temperature  with  ^ifdrocMoric  acid  qaa,  forms  a 
jwrnanent  hquid  hydrochl orate,  which  may  bo  purified  by  wushing  with  weak  sodar 
ley,  and  drying  over  chloride  of  calcium.  Acoordinc  to  Kawalier.  it  contiuna 
C*//**0.r/*,  or  perhaps  4CCi»H'«.Ha)  +  H»0. 

COSXASXW.  A  oystalliije  substance  said  to  exiflt  in  the  leaves  of  Coriaria 
mjfriijdittt    (Posehierj  Trommsd.  N.  J.  xn.  67-) 
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CORK— CORTEPINITANNIC  ACID.  85 

COXX.  The  outer  Imrk  of  the  Quercu»  niier,  a  tree  which  grows  to  tl>e  height  of  30 
or  40  feet,  in  the  Soath  of  Europe,  in  the  North  of  Africa,  and  iu  the  Eiut.  It  is  dis- 
tin^iahcd  by  peculiar  toaghaeM,  ■aftneos,  and  elacticity,  irbicli  render  it  indiBpeiiBabU 
for  u  variety  of  porposea. 

Cork  ooaaiat«  for  the  mort  part  of  a  raodiflod  fiMm  of  obIIqIomi,  called  «t<^rr  in,  which 
ffnuiiju  behind  after  the  cork  haa  beeji  eahatttted  with  alcohol,  ether,  water,  aod  buI* 
phuric  acid. 

CheTTvol  aim  found  in  cork  a  fragrant  sabstanoe,  eerin  (L  830),  which  passed  over 
on  diBtilling  the  cork  with  water,  a  aoft  resin,  a  ycUow  and  a  red  colouring  matter, 
qacaivitannic  acid,  gallic  acid,  and  a  brown  mtrogv aooa  substaaoe,  together  with  07 
per  eent  calcium,  salts  of  regetable  acida,  and  4  per  cent,  water,  -whidi  ia  giren  off  at 

100°  c. 

Cork  ozidlaed  with  nitrie  acid  jrieldx  oxalic,  aaberie,  and  eerie  acids  (L  830). 
COftX,  MOWTAXV.    See  AaBBfTos  (i.  415). 

COXirsm.    A  compact  hornblende  rock,  af  amooth  fimctnre,  extremely  tough, 

and  soiiofuus  when  atrat^ 

COKVBOUS  XAttJ».  Native  chloro-carbonate  of  lead,  FhCP.PbCO*:  alao 
cillcd  arunnr^     (See  Ljuj),  Cslobiob  or.) 

COXJrzV,  or  COXmtO  AOIB.  a  crystallised  bitter  eubatance,  obtained  from 
the  root  of  ComuM  Jtoridu,  by  exhausting  the  root  with  water,  mixing  the  aolntion 
with  moiat  hydnte  of  lead,  eraporatin^  the  filtrate  to  an  extract,  treating  the  residue 
with  alxwlute  alcohol,  mixing  the  turbid  solution  with  ether,  digesting  Uie  filtrate  with 
carbonate  of  lead,  filtering  again,  distilling  off  the  greater  portion  of  the  liquid,  and 
learing  the  rt-maining  turoid  liquid  to  evaporate.  Coroin  is  then  deposited  after  12 
hours,  in  stellate  groupi  of  delicate  crystals  having  a  satiny  lustre. 

Cornin  dissolve*  easily  in  water  and  in  alcohol,  sparingly  in  ether.  The  solaiions  are 
not  precipitated  by  alkalis,  tincture  of  galls,  iron-aalts,  barium-salts,  or  neutral  lead- 
salts,  but  give  precipitates  with  basie  acetate  of  lead,  and  nitrate  of  silver.  Cornin 
does  not  exhibit  basic  propertieB;  it  is  partly  separated  firom  its  solntions  by  charcoal, 
either  vtgetabb  or  animal,  bo  that  these  substances  cannot  be  used  to  decolorise  the 
Bolutiona.    (Oeiger,  Ann.  Cb.  Pbarm.  adv.  206.) 

COKVXSm  A  name  sometimes  applied  to  the  compact  felspar  which  constitutes 
the  b*we  of  porphyry. 

COmvovxv.  A  re«n  obtained  from  the  bark  of  an  East  Indian  tree,  called 
Coroa  or  Corntfva.  It  ut  brownish-yellow,  of  oily  eousistence,  inodorous,  has  a  rough 
irritating  taste,  and  scid  reaction,  it  dissolves  easily  in  absolute  alcohol  and  in  ether, 
hut  not  m  oils,    (TroromsdorfC  TroDunsd.  N.  J.  xxL  2,  116). 

CORJTirBZAirXTS.  A  fine<gnuned  modification  of  gneiss,  ocnnrrng  in  Cornwall 
and  in  the  Emji^phirg.  It  is  of  a  dingy,  greenish,  yellowish,  or  reddish-grey  colour, 
striated  and  spotted.  The  stratification  is  indistinct,  and  recognisable  only  by  the 
lavers  of  mica,  or  bv  the  variations  ot  colour  aod  fineness  of  grain.  (Eenngott, 
Handw.  d.  Chem.  ii.'  [3]  212.) 

CO^MUS,  The  follcwing  spedes  of  this  genns  of  plants  have  been  chemicall/ 
examined.     They  do  not  appear  to  contain  any  alkaloids. 

Comus  Jkrida. — The  bark  of  this  trw,  which  is  used  in  North  America  as  a  febri- 
ftape,  contains  a  bitter  crystalline  subetanca,  cornin, — a  tannin  which  turns  iron- 
»«ilt«  hlne, — an  indifferent  cr}-8talline  resinous  body, — gum,  —  a  small  quantity  of 
starch, — a  colouring  matter  containing  iron  and  mangaoeeei,  and  lime  and  magnesia 
in  combination  with  oxalic  acid,  and  perhaps  also  with  malic  and  phosphoric  addsk 
Th.'  fruit  is  scarlet-coloured  and  vexy  bitter. 

aacula.  — The  unripe  fruits  contain  a  large  quantity  of  tannin;  the  ripes 
f  r  ■.  cet 

(^n^/.Nv.  o,iHguinett  {Doa^oood). — The  fruits,  which  are  very  bitter,  yield  oil  whea 
pKSSwL     ( Rochicder'a  PiytoekaiUe,  p.  11 6). 

COKtrv^JLXaUrrm,  An  arsenate  of  copper  fhnn  Cornwall,  oontaining,  accord- 
ing to  Ixrch.  30  21  p.?r  cent>  As'O*,  2ieP»0*,  64-81  CnO,  and  13-02  water,  therefore 
ftCuO.As'U'  ■♦-  fiH'O,  cr  Gu»As»0».2Cu(>  -f  6WO.  Amorphoun.  Diirk  green.  Spo- 
cific  gravity  =  4166.     HardneM  -  4&  (Handw.  d.  Chcm.  ii.  [3]  212). 

COSTZVnrXTAJI SIC  ACXB.  An  acid  obtaincil,  together  with  Beveral 
other  BTuibslaQces,  from  the  bark  of  the  Scotch  fir  {Pinua  tylvestrit).  Dried  in 
vacuo,  it  forms  a  red  powder  wotiutung  C'H'O'  t  tUIO,    Its  at^uoous  solutioih 
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forma  a  deep  green  colour  with  ferric  chloride.  (Kawftlier,  Ann.  Ch.  Phami. 
Luttviii*  360.) 

CORTZCXV.  An  BTOorphcus  yellowiBh  substance  existing  in  the  bark  of  the 
iiBpon  [Populwi  tremtifa).  and  perhaps  also  in  other  barks.  It  is  ta«tcle«9  and  inodorous, 
Bparingly  sdoble  in  water,  easily  in  alcohol  and  in  ncetic  acid,  and  is  precipitnted  from 
the  latter  aolution  by  water  or  sulphuric  acid.  (Bra conn ot,  Ann.  Ch.  Phys.  [2] 
xliv.  2S6,) 

cosinnizSiXiXTB.    Sc«  Masoahitb. 

CORUWUOPaiXiXIPB.  A  hydrated  silicate  of  alarainium  and  iron,  found  with 
corundum  in  Btellat«  g«>nps  at  Aahvill*,  Bunpombe  County,  Nurth  Carolina.  The 
cryetalUno  form  is  wiid  to  be  monoclinio.  An  analvsis  (made  with  only  0  146  grtiu 
of  matarittl)  gave  34-76  per  cent  SiO",  31  26  FeO.  8  56  A1'0\  6-47  water,  and  about 
20  per  cent,  alkali.     (C.  V,  Shepard,  Sill  Am.  J.  [2]  xiL  201.) 

COBVXrBVM.  SapphirtT,  Euby,  On'ttttal  Aimihytt,  Oriental  Tapas,  Adamantin« 
tpar,  Emery,  {Kormd,  Smirgd,  Demantrpatk,  SalamstMn,  Ttihie,  Corindon,  Rubit 
dtOrifnt), — Native  anhydrous  alnmina,  AK)*.  CryBtalliftes  in  the  hexagonal  aystero, 
isomorphona  with  the  aeflquioxidea  of  iron  and  chromiunL  Primary  form  an  acut* 
rhombohedron  R.  Nnmeroaa  corahinations  occur,  among  which  may  bo  mentioned 
B  .  oR,  {J9:  146.  147)  and  oBpa  .  oE .  R .  JP2  {Jg.  148). 


Fig.  146. 


Fig.  147. 


Fig.  148. 


For  the  primary  fbna  R,  the  ratio  of  the  Tcrtieil  to  the  horizontal  aiia  is  a« 
1-3617  :  1-  Angle  of  the  terminal  edgea  =  80°  6'.  For  JP2  the  angle  of  the  terminrtl 
edges  :-  128^  3',  and  of  the  lateral  edges  -  122<^  18'.  CleaTago  imperfect,  parallel  to 
R  and  oR;  where  it  appears  perfect,  it  ia  probable  that  combination-fiaces  of  different 
indiridnala  arepeient.  Twin  crj-atala  also  occnir  united  by  the  faces  R  or  oR  (Kifpp'a 
I  KrffaidlograplMi  p.811).  Comndura  ocruraalao  maaaire,  granular,  or  impalpable,  oftea 
in  iayenfi,  from  compoeition  parnllet  to  R. 

8pecilic  gravity  =  3-9  to  4.  Hardness  =  fl-0.  Colour,  nearly  white,  grey,  bine 
(sapphire),  red  (ruby),  xiolet,  yellow,  and  brown.  Lustre  vitreous,  sometimes  pearly 
on  Mie  basal  planes  oR.  TranspM^nt  in  various  degrees  down  to  mere  tranalueenc* 
on  the  sdgea.  Some  oyBtals  exhibit  a  bright  opalescent  six-aided  rtar  when  viewed 
in  the  direction  of  the  Tertical  axia  {asieria).  Fracture  oonchoidal,  uneven,  or  splintery. 
Brittle. 

Corundum  is  infurible  and  onalterable  before  the  blowpipe  The  powder  moistened 
with  oobalt«)lation  and  ignited  exhibits  a  fine  blue  colour.  With  borax  it  slowly 
forms  a  clear  glass;  does  not  melt  with  soda.  Insoluble  in  acids,  but,  bj  ftaaion  witk 
Acid  sulphate  of  potassium,  it  yields  a  mass  easily  soluble:  in  water. 

Pure  corundum  conaiata  entirely  of  almninii,  but  it  is  of^en  mixed  with  ferric  oxido^ 
titanic  add,  and  other  substances,  which  affect  its  colour  and  transparency.  PrrciouM 
corundum  indndes  the  transparent  varieties  of  pure  and  brilliant  colour,  which  are 
cut  for  gems;  the  blue  variety  ia  sapphire,  the  red,  ruby,  the  yellow  Oriental 
topaz,  the  violet  Oriental  amathyst.  Common  corundum  includes  the  opaque 
Tarietiea  of  less  pure  colour,  vis.  adamantine  spar,  which  ia  cryataUised  and  yiclda 
a  very  hard  oowder,  used  forpoLLshing  diamonds  and  other  gems,  and  emery,  which 
liu  a  orystallo-granular  stamcture,  and  is  used  in  like  manner  for  poliahing  metali^ 
gl-isi,  &c. 

The  following  are  analyses  of  conindum  by  J.  L.  Smith  (SilL  Am.  J.  [2]  z.  264; 
sL  63;  Dftoa,  iL  112).    Mag.  stands  for  magnctie  oxide  of  iron. 
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Emery Fe'O' 

KoLih  ...  67  4-28  63-60  33-26 

Samoa  ...  68  398  7010  22-21 

Kicaria  ...  66  376  71*06  2032 

Eolah  ...  63  402  63-00  3012 

Oumuch  ...  47  3-82  7782  862 

Naxoa  ...  46  8-76  6863  2410 
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-  99-43 

-  98-34 
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Conrndsm  ooeim  aasoaatad  with  OTstalUae  rocks.  The  sapphixv,  rabr,  and  other 
fnrras  of  pfwigM  eoniadiUB,  are  obtained  chiefly  from  Indiii,  China,  and  Ceyloa.  Sap- 
phire haa  bMD  feiud  alao  at  Newton,  New  Jeney,  and  a  fine  raby  in  Cherokee  Conntj^ 
Oeoigia  (U.  S.).  Adamantine  apar  ia  obtained  from  China  sad  from  the  Ural ;  emery 
^m  the  iiland  of  Naxos,  from  Smyrna,  from  Schvaru-nbei^  in  Saxony,  from  the 
TJnU,  Spain,  Greece,  and  other  placee.  A  bodder  of  blue  massive  corundum  has  been 
found  in  Bancombe  County,  North  Carolina.  ComndamB  are  also  found  in  numcroua 
other  localities  imbedded  in  granite,  gneiss,  syenite,  mica-slate^  doJomits^  ba«alt,  and 
otbar  rodu,  bat  seldom  large  or  fine  enoneh  to  be  fit  for  gems. 

Cocundam  sometimes  absorbs  water  and  changes  to  diaspore.  It  is  also  replaced  by 
dlica,  forming  quartz  peeudomorpha. 

OOKTAAAZn.  An  alkaloul  existing  in  the  roots  of  Corydtdia  hulhoaa,  C.fahaeta, 
%ii^Ari*Uilochiacava.  ItwasdisooTBTDd  by  Wacken  rode r^Eastn.  Arch.  [1826]  Bd. 
Tiii.X  and  aflerwarda  examined  by  Peschier  (Trommsd.  N.  J.  xrii.  80),  Winckler 
(Pharm.  Centr.  1832,  p.  38),  Raickholdt  (Ann.  Ch.  Pharm.  Ixir.  369),  andHiJller 
( Vierteyahrschrifl  pr.  I'harm.  riii.  626). 

Preparatem. — 1.  From  Corydali§  bvlbota.  The  juice  expressed  from  the  frc^h  root 
ia  coagulated  fay  heat,  precipitated  with  oeotral  acetate  of  lead,  and  fiit^^red ;  the  lead 
V  separated  by  sulphuric  acid ;  and  the  ooiydaline  is  precipitatad  from  the  filtrate  by 
ammonia,  then  dried  and  dissolved  in  12  to  16  pta.  of  alcohol  of  80  per  cent. ;  and  the 
eolation,  after  being  digested  with  blood-charcoal,  is  filtered  and  ersporatcd  to  the 
oyitaUising  point  By  mixing  the  alcoholic  solution  with  a  large  qoantiW  of  water, 
the  eotydaline  mav  be  precipitated  in  the  pnlTemlcnt  form  (Winckler).  Miiller  ex- 
hansta  the  root  with  water  containing  hyorochlortc  add ;  precipitates  tne  filtrate  with 
carbonate  of  sodium ;  redinolrea  the  precipitate  in  hydrochloric  add ;  again  predpitates 
with  carbonate  of  sodium ;  exhansts  the  washed  and  dried  precipitate  with  pure  oil  of 
turpentine ;  and  agitates  the  oil  with  water  containing  hydrochloric  add.  The  cory- 
dabne  then  dissolves  in  the  add  and  may  be  predpitated  by  potash. 

2.  From  the  root  of  Arisiiticchia  earn.  The  root  is  exhausted  with  water  containing 
hydrochloric  add ;  the  solution  is  predpitated  by  carbonale  of  sodium  ;  the  predpitate 
treated  with  alcohol;  and  the  solution  left  to  crystallise  by  evaporation.  This  is  the 
easiest  mode  of  preparation.     (Buickboldt.) 

ProDcrtita. — CorydaJine  forms  li^ht,  non-coherent,  greyish-white  massce,  which  stain 
litlQOffj,  According  to  Miiller,  it  is  a  looM  white  powder.  It  is  usually  said  to  be 
tasteless  and  inodoroua,  but  according  to  M  d  1 1  e  r  it  is  bitter  when  moiat.  It  is  injolu. 
ble  in  water,  but  easily  soluble  in  strong  alcohol  and  ether.  From  a  hot  saturated 
idcoholie  solution,  it  crystallises  in  shining  rhombic  prinna ;  by  spontanpous  erapora- 
tion  in  scales.  Coiydahne  melts  at  100'^  C.  (at  60*^—  70°,  according  to  M  ii  U  o  r) ;  when 
strongly  heated,  it  tarns  brown  and  gives  off  water  and  ammonia.  A'itric  acid  o(doara 
it  deep  red,  the  eolonr  being  perceptible  even  in  very  dilute  solutions.  Sulphurie  acid 
dissolves  it  with  deep  yeUowish-red  ooJoOE. 

Ocvydaline  giTes  by  anafysia: 


C                   H 

N 

O 

62-4    .    .    6-8   . 

.   4-3    . 

.    26-6 

60-2   .    .    6-9   . 

.   30   . 

.    30-9 

-  100  (Dobereiner). 

-  100(RuickboldtX 

Hence  have  been  deduced  the  empirical   forraalae  C**H**yO'*  (Ddbereioer); 


O^FfNO**  (Raickholdt);  Miiller,  fipom  hi*  own  irudyBiB,  calcolatoe  the  1 
CH*XO*.    None  of  these  fonnolo!  aax  be  depended  upon,  aa  there  is  do  proof 
the  analyses  were  nude  with  pnre  mibftencea 

CoiycUline  tinite*  with  acidji,  forming  salts  moat  of  which  ai«  coIonrleMi  and  acnno 
crystalline  (according  to  Miiller,  none  of  them  oystalliBe).  Ther  have  a  vtry  Vittte 
tiufte  and  are  precipitate  by  tannic  acid  and  bj  ammonia;  also  oy  potash  or  soda ; 
but  the  precipitate  rediasolTes  lq  excoas  of  the  fixed  alkali 

Ht/drochlorate  ofCvrydalint  forma  yeDowiah-green,  brittle,  right  rhombic  prisms  with 
perpendicukr  terminal  faces  having  a  g^usjr  lustre.  It  containa  108  percent.  flCl,  and 
16-6  per  cent  crystalliaation-water,  and  is  therefore  pearbaps  C^H'"yO*:iHCl+  12H0 
(Ruickholdt).  The  crj-stals  give  off  12-6  per  cent,  water  at  lOO'*  C,  and  8*0  per 
cent  more  at  146'' ;  at  hiRber  temperstnrra  decompositioD  takes  pkcft  The  Bolt  dis- 
■olrea  readilj  in  water  and  in  strong  alcohoL 

Hydrochlorate  of  ootydalino  forma  a  white  bulky  precipitate  with  mereuric  ehloridt, 

^n-tofc  o/ Ct7ry<2<i/hi«  is  easily  soluble  and  Q^stakisablo ;  »o  lihttwise  is  the  netUral 
ttdphate  ;  with  excess  of  sulphuric  acid,  »  gummy  acid  aalt  is  obtained  by  evaporation. 

00&T9AZiX8  BirCiSOBA.  lo  the  root  of  this  plants  cotydallne  was  first  found 
by  Winckler;  aft^^rwards  fumarie  acid  by  Wick e  (Ann.  Ch.  Pharm.  IxxxviL  22i). 
Miiller  (Viertoljnhr.  pr,  Pharm.  viii.  626),  who  has  examined  the  root  more 
minut*ljt,  finds  no  fumarie  acid.  By  distilling  the  root  with  water,  he  obtained  a 
rolatile  oil  and  acetic  acid ;  ether  extnu^UMl  from  the  dried  root  2*2  pts.  contisting  of 
oolooring  matter,  fixed  oil,  resin,  and  a  small  quantity  of  corydaline ;  alcohol  extracted 
24*6  pte.  (coryikline,  re»in,  citric,  malic,  acetic,  tannic  and  saccharic  acids) ;  water 
extracted  3*4  pta.  (albumin,  starch,  and  a  small  (quantity  of  valeric  add) ;  and  hydriv 
ehloric  acid,  15*5  pts.  (pectin  and  oxalate  of  cakiumX  the  residue,  amoiuiting  to  54*2 
pts.,  consisted  of  a  woody  fibrv  and  other  insoluble  matters.  The  dried  root  yielded  6*9 
per  cent  ash,  containing  in  100  ]Ab.  6  2  pt«.  K*0,  10-4  Na*0,  83  CaO,  7-6  MgO.  8*8 
Al^O",  41  Fo'0»,  01  MnO.  35  7  SiO«.  Iia  S0»,  93  PO*.  20  C0^  and  2-3  cT^ 

COSSEXNU.  A  name  applied  by  M art  i n  to  nn  oi^ganie  base,  which  he  supposes  to 
exist  iu  koa»»o,  the  CL»Jebnited  Abyssinian  remedy  for  tape- worm.  Martins,  however 
(Buchner'fl  N.  Repert..  [2].  iii.  177),  was  not  able  to  find  it 

COTAItlVAacXC  &Cn>,  C"H'*NO*.  is  formed  by  the  action  of  aqueous  hydro- 
chloric, hydriodic,  or  Bulphurio  acid  on  cotamine,  at  a  temperature  of  140°  or  160°  C. 

C"H"NO»  +  H*0  +  HCl  =  C"H"NO*  +  CH'CL 

Coltmlo*.  CotamunJc  *cld. 

Like  Bsportie  scid,  cotamamic  acid  combines  with  strong  mineral  acids.  The  only  com- 
pound of  it  which  has  as  yet  been  obtained  pure  is  the  ki/drochloratf.,  C"H**N0*J1CL 
This  body  crystallises  in  small  pale  yellow  tufts  of  sjllqr  needlics  ;  it  is  but  alishtly 
soluble  in  cold  water,  very  soluble  in  hot  wat*r ;  it  is  les*  soluble  in  alcohol  and  in- 
soluble in  ether.  When  the  pure  compound  isdissolvdd  in  hot  water,  a  portion  always  de- 
composes, cuuBing  an  orange  precipitate  (of  ootamamie  add)  to  separate ;  the  same  pre- 
cipitate isproduTOd  on  cautiously  adding  ammonia  or  potaab  to  the  solution ;  the  hydro- 
cmorate  dissolves  without  alteration  in  wutcr  containing  A  little  free  hydrochloric  add. 
An  aqueous  solution  exposed  to  the  air  gradually  aoqiiires  a  beautiM  green  colour. 
Kitrie  add,  added  drop  by  drop  to  a  solution  of  this  compound  in  hot  water,  eaoses  it 
to  appear  deep  opaque  crimson  by  reflected  light,  and  orange-yellow  by  transmitted 
light  Evnpcinite<l  on  a  water^bath  with  sulphuric  add,  it  acquires  a  fine  crimson 
colour  wliea  nearly  dry ;  this  colour  is  destroyed  by  addition  of  water,  but  reappears 
when  the  water  is  again  erraporated.  (Matthiesaen  and  F otter, privtUe  eommumi- 
cation.)  Q.  G.  F. 

COTAmvXC  ACZS.  C"H'*0*.— This  suljatance  is  produced  by  the  action  of  dilute 
nitric  acid  on  cotarnine  at  a  gentle  beat  (Matt hies  sen  and  Foster,  Proc  Hoy.  Soc^ 
xi.  69),  but  the  conditions  uecewu-y  for  its  certain  production  are  not  yet  known. 
Methylamine  is  formed  at  the  same  time : 

C"H"NO"  +  KHO»  +  2BK>  =  C»WH)*  +  N(CH'N)0». 
CoUraloe.  Cotvnlc  acid.         NitraM  of 

It  dissolves  easily  in  water,  giving  a  solution  which  reacts  strongly  acid  with  litrntUL. 
Alcohol  dissolves  it  but  sparingly,  and  ether  predpitates  it  ^m  ita  alcoholic  solution. 
It  gives  white  precipitates  with  acetaU  of  had  and  nitrate  of  $Ht>er.  The  nlaersaJt  ia 
aliphtly  more  solable  in  hot  water  than  in  cold ;  it  contains  C"H'*Ag*0*- 

Cotamino  may  be  regarded  as  tlie  methylated  imide  corre«poncUng  to  cotaroie 
acid.  Cotarnic  odd,  cotarnHmic  acid,  »nd  cotarnint'  then  bear  to  each  other  the  same 
rehilioiui  m  malic  acid,  oepartic  add,  and  malanile  or  pbenylraalimide: 


COTARNINE. 


m 


OoUrnic  add 
Ootamiiniic  add 
Ootunitie   . 


C"fl'\CH»)NO« 


Malic  acid . 
Aaportic  acid 
Malanile    . 


day. 


COTAaanMU,0*E}^<y  -finO,  or  C^W*N0^  +  2HO.—A.  non-volatile  organie 
htae,  obtaioad  by  the  action  of  oxidising  ag«»t«  on  narcotise.  It  wan  first  obtained 
by  Wohler,  in  184-4  (Ann.  Cb.  Phann.  L  19),  aa  a  j>w>dupt  of  the  oxidation  of  narco- 
tuw  br  peroxide  of  mannneae  and  eolpburic  add ;  and,  almost  8imuItAneou«]y.  BIjth 
{ibid.  L  37 ;  Mem.  and  Proc.  Chem.  Soc.  LL  168)  observed  ita  formnf ion  by  the  artion 
of  dkhloride  of  platinnm  on  narcotine,  Cotarnine  has  be«n  further  stutiifd  particu- 
kriy  by  Anderaon  (Ed,  Phil.  Trane.  xx.  [3]  869  ;  Cbem.  Soc,  Qu.  J.  t.  266 ;  Ann. 
Ch.  Pharm.  Ixxxtj.  196),  and  by  Mattbioaen  and  Foster  (Proc.  Roy.  Soc.  xi, 
66;  Ann.  Ch.  Fbarm.     Sapplement  B.  i.  330 ;  Bullet  die  la  Society*  Cbim.  1861,  22). 

Formation  and  preparaiion,  —  1.  Narootine  ia  dissolTcd  in  a  conaiderable  excess  of 
dilute  anlpbonc  acid  (3  pta.  aalpbnric  acid,  SO  pta.  water,  and  2  pta.  oarcotine,  ar« 
BooA  proportiona:  Mattaieaaen  and  Foater,  j^n'oa^ccofliiRtifura^Mfi),  the  aolution 
heaUMl  to  boiling,  finely  powdend  peroxide  of  manganeae  (3  pta.  Matth.  and  Foat) 
added,  and  the  liquid  filtered  aa  hot  aa  poeaible.  (Wohler  directa  to  boO  the  miztrUn 
with  exeeaa  of  peroxide  of  mangnneee  and  add  aa  long  aa  gaa  ia  erolred;  Matthieaaen 
and  Foater  recommend  to  add  the  peroxide  of  manganoae  in  the  proportion  given  above, 
aa  quickly  aa jnoaaible.  to  the  already  boiline  solution  of  narcotine.  and  to  filter  im- 
mematcly).  The  filtrate  depoaita  opianie  add  on  coolins.  and  the  mother- liquor  pourvd 
off  from  the  crj-stalH  containa  eolpbatfl  of  cot&mine  and  sulphate  of  manganese.  The 
mangaoeae  ia  predpitated  witti  carbonate  of  aodiom,  the  precimtate  fUtered  oW,  and 
the  filtrate  eraporated  ao  aa  to  eauae  the  greater  part  of  the  sulphate  of  sodium  con- 
tained in  it  to  cryitalliae  out ;  the  addition  of  potaah  to  the  roncentriited  solution  of 
sulphate  of  ootAmine  then  produce  a  brown  granuUr  prcdpitate  of  impure  cotamLn% 
wluch  is  purified  bv  solution  in  hydrochloric  add,  treatment  with  aniraiil  charcoaJ, 
and  reprecipitation  by  potash.  Or,  chloride  of  mercury  or  dichloride  of  platinum  ia 
lidded  to  the  solotion  fived  from  manganese,  whereby  a  predpitate  of  chloromerCTtrata 
or  chloroplatinate  is  obtained,  whi(£  ia  washed,  suspended  ia  hot  water,  and  de- 
eompoaed  with  anlphydric  add;  the  filtrate  ia  then  mixed  with  exccea  of  baryts- 
water  and  eraporated  to  diyneaa,  and  the  cotamine  ia  diaaolved  out  of  the  rendoe  \rj 
alcohoL    (Wohler.) 

2.  Narcotine  is  boiled  with  an  exceaa  of  dichloride  of  platinum  and  dilute  h^rdnv 
chloric  add.  Red  piiamatic  ciyatala  ot  chloroplatinate  of  cotomino  an  thus  obtained. 
(BIyth.) 

3.  Anderson  recommends,  for  the  preparation  of  cotamine,  to  act  upon  narcotine 
with  dilute  nitric  acid  (1  pt  narcotine,  3  pta.  nitric  add  of  specific  gravity  1*4,  and  ft 
pta.  waterj  at  49°  C.  The  liquid  separated  from  the  teropiammone  (g.  v,)  which  ia  thua 
formed,  givea  a  crystaUino  precipitate  of  cotamine  on  the  addition  of  potash. 

4.  Nanwtine  treated  as  in  the  first  method,  add  chromatc  of  potassium  bdng  how- 
ever used  in  place  of  peroxide  of  manganese,  yields  cotamine  in  a  state  of  great  purity. 
(Matth lessen  and  Foster.) 

The  formation  of  cotamine  from  narcotise  takes  place  according  to  the  equation : 

C"H»«NO»  +  0  -  C"H'«NO"  +  C"H'«0* 

KwcoUna  CoUnilDS.  OpUnIc  add. 

(Matthiessen  and  Foster.) 

iVoprrft«.— Cotamine  forms  small,  colourless,  needle-shaped  crystals,  grouped  in 
■tan.  It  is  only  alightlj^  soluble  in  cold  water,  but  comcvrhat  more  ao  in  boiling 
water ;  alcohol  aisaolrea  it,  forming  a  brownish  solution,  £rr<m  which  it  cannot  be  ob- 
tained crystallised ;  it  ^asolves  easily  in  ethej  and  in  ammonia ;  it  is  almost  insoluble  ia 
caustic  potash.  It  melts  at  100^  C,  and  loses  1  at,  of  wafi>r  of  crystallisation ;  at  a 
higher  temperature  it  is  charred,  and  prodat^a  a  diaagreeablo  smell  Cotamioe  has 
«  bitter  taste  and  faintly  alkaline  reaction. 

Czystallised  ootamine  contains : 
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J                                     COTARNINK 

Ootarnine  dried  at  100°  eontainB*. 

Cakutated. 
C"  .    .    144  .    .  65-75  . 
H»»  .    .      13   .    .     5-94  . 
N     .    .     14  .    .     6-39 
0«    .    .     48   .    .   21-92 

BIyth. 
.  65-M 
.     6-89 

C«H"NO»  .    219  .    .  10000 

Water  of  crystalliBation : 

rtrfr^fffffrf. 
C««H»»NO«  .    .  219  .    .    92-41 
H«0    .    .    .    .     18  .    .      7-59  .    . 
237  .    .  10000 

dl|th. 
.  7-51  .    .   7-22 

The  formula  originaOr  proposed  for  cotamine  by  Wohler,  was  CH"NO^ ;  BIyth 
gave  its  formula  as  0*W*N(^ ;  Gerhardt  (Fr&na  de  Chimie  Organique,  1845,  ii.  298) 
adopted  the  expression  C"H"N0»(-(7»i?'W0^;  Wertheim  (Wien.  Acad.  Ber.  vi. 
Ill),  beUering  in  the  existence  of  aevtsnl  homologons  Tarietira  of  cotamine,  gave  the 
formula  C'«H"NO*  (  -  0^*H>*NO^\  for  what  he  caUed  metkyUcotamine  .Matthiessen 
and  Foster  regard  cotamine  as  fuwaya  of  the  same  composition,  and  represent  it  by  the 

formula  C^*B}^0*  -  ^^"^^^^'l  N,  that  is,  as  methyl^tammide.     (See  CkrrABioa 

Aon).) 

The  aqueous  solution  of  cotamine  precipitates  ferrous  and  cnprie  salts ;  it  gives 
no  odoratbn  with  ferric  salts  (BIyth).  It  is  also  precipitated  by  tannin.  (Wohler.) 

Decompontiont. —  1.  Niirie  add  dissolves  cotamine  with  red  colour,  and,  if  heated, 
oxidises  it,  forming  oxalic  add,  and  afterwards  anophyUic  add,  (jjr.  v.)  (Wohler, 
Anderson,  Mattniessen  and  Foster.)  Very  dilute  nitric  acid,  gently  heated 
with  cotamine  sometimes  produces  cotamic  add,  C"H"0*,  and  methylamine: 

C«H"NO»  +  2H»0  -  C"H>«0»  +  NCH». 
CotamlM.  CoUriiicadd.    MethrUmine. 

(Matthiessen  and  FoBtet) 

t.  Heat«d  with  hydrochloric,  hydriodie,  or  dilute  tidphurio  add  to  HO'*  C,  in  a 
•ealed  tube,  it  yields  chloride  or  iodide  of  methyl,  or  methylHBulphuxic  add,  and  cotai- 
namio  add,  0"H'«NO«  (p.  88). 

C»H"NO«  +  H«0  +  Ha  =  C"H'»NO«  +  CHK31 

CotarniM.  CoUrnamlo  add.     Chloride  of 

methyl. 
(Matthiessen  and  Foster.) 

8.  With  iodide  of  ethyl  at  100<*  C.  it  yields  hydriodat«  of  cotamine,  but  no  ethylised 
derivative.    (How,  Ed.  PhiL  Trans,  vol  xxL ;  Ann.  CLPharm.  xdi) 

.8AX.T8  or  CoTABMnn.  The  salts  of  cotamine  are  for  the  most  part  very  soluble; 
they  are  obtained  directly,  by  solution  of  the  base  in  dilute  adda. 

HydrocUorate  of  Ootarnine,  C"H>«N0».HC1  (  +  2iH«0?),  is  obtained  by  evaporat- 
ing its  aqueous  solution,  in  the  form  of  long  silky  crystals,  which  are  veiy  soluble  in 
trater.  It  loses  14-88  per  cent,  of  water  at  100°  (BIyth):  the  above  formula  cor- 
responds to  14-97  per  cent  Dried  at  100*>  C.  it  contains,  according  to  Blyth's  analysis, 
67-89  per  cent  cairbon  and  6-78  hydrogen ;  the  formula  C'*H'"N0».HC1  requires  56-36 
per  cent  C,  and  5*48  H. 

CMoroplattnatt  of  Cotamime,  2(C'«H«»N0».Ha).Pta«.— This  salt  forms,  when 
precipitated  in  the  cold,  a  lemon-yellow,  crystalline  predpitate,  resembling  chloro- 
platanate  of  ammonium  ;  when  hot  solntionB  of  hydrochlorate  of  cotamine  and  tetra- 
chloride of  platinum  are  mixed  together,  the  double  salt  separates  as  the  mixture 
cools,  in  smaOl,  round,  transparent  nodules,  of  a  reddish-yellow  colour  (Wohler).  It 
is  obtained  in  the  form  of  large,  dark-red,  six-sided  prisms,  by  boiling  a  solution  of 
narootine  in  hydrochloric  acid  with  an  excess  of  tetrachloride  of  plaUnum  (B  ly  th). 
This  salt  is  very  slightly  soluble  in  cold  water,  but  somewhat  more  so  in  hot  water ; 
it  appears,  however,  to  be  altered  by  repeated  solution  in  hot  water.  It  can  be  boiled 
with  ammonia  without  undergoing  decomposition.  Boiled  with  baiyta-water,  it  ii 
decomposed,  and  metallic  platinum  is  predpitated. 

It  contains : 
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Ibtth.  and  Fo«t*r. 


288         231 


23-2 


Blyth  dried  the  salt  for  analysts  at  100**;  Matthiosien  and  Foster  at  the  ordinarr 
temperatore,  over  solpliuric  acid  in  oacuo;  they  outild  not  obtain  comiant  reeolts  with 
the  aaU  dried  at  I00<*. 

It  MmetuDea  happens  that  the  treatment  of  oarcotiae  with  tetrachloride  of  platinum 
giree  riae  to  another  chloroplatinate,  which  crystallines  in  long,  bripht,  omngo-jollow 
needle*.  Thii  ealt,  which  Bljth  mippoe«d  to  contain  a  peculiar  alkaluid,  which  ho 
named  naret^mme,  CVlP*iiO*',  is  oecomposed  whi>n  boiled  with  ammonia,  into  nar- 
eotine  and  orttamine,  and  ia  probably  a  doable  chlop^platinate  of  these  two  baaes. 
Blyth'i  analytical  z«aulUi  accord  nearly  with  thoee  rcquiivd  by  the  formula 

2(C"n'»N0'.HCl).Pta*) 
2(C"E"N0'.UCl}.PlCl'  J 

CUoraurat4  of  CotamuM  has  a  beautiful  dark  red  colour. 

Cklommmmrate  of  Cotarnins,  C'«H>»NO«.HCl.Hg'Cl*.  forms  a  pnio  yellow  precipi- 
tate, which  (jradually  b*oom«i  eiyttalline.  It  is  not  precipitated  from  mther  dilute 
warm  soltitionA,  but  is  deposited  on  coolinfr.  in  small  pale  rrllow  prisnu^  It  appears 
to  inffiar  decomposition  bj  repeated  crystalliaatioa.    It  contuioii ; 

Ottem/^affL  WSblcr. 


Nitrogen  . 
Mwcury  . 
Chlorine  . 


14  2-66  2-6 

200  87-98         87-96 

106-6        20-23         20-68         G.  C.  F. 


COTTOV.  The  filamcntoQS  matt4>r  attached  to  the  seedfi  of  variou  species  of 
Gouypium^  a  grnos  of  phutte  belonging  to  the  Malvaceoua  order.  It  c<3nsifft8  of 
haira  aprin^g  from  the  aurfiioo  of  the  seed-coat,  and  flllin^r  ap  the  cavity  of  the 
secd-reesel  in  which  the  seeds  Lie.  These  hairs  are  long  weak  tu)>c8,  which,  when  im- 
mprsed  in  water  and  examined  under  the  microscope  by  transmitted  light,  look  like 
llat>  narrow,  truupareot  nbanda,  entirely  diatinct  from  each  other,  and  witJi  a 
poActly  even  rarfsoe  and  uniform  breadth,  rarely  jointed,  and  if  so,  baring  the 
axtiBalationB  perpendieolar  to  the  length  of  the  tube.  The  indiridnal  tubes  ar«  very 
w«ak  and  fragile,  and  it  is  only  when  many  are  twist^^  toe^e'hcr,  that  they  acquiro 
any  Appreciable  degree  of  strength.  Linen,  on  the  other  hand,  ooosista  of  woody  tissue, 
in  tlie  shape  of  long  thick-sided  tobes,  adhering  in  bundle*,  the  articulations  being 
always  oblique,  and  the  ends  of  the  tubes  (minted  and  oreriying  each  other;  moreover, 
the  individual  tubes  are  much  stronger  than  tliose  of  cotton.  In  short,  cotton  is  a 
derelopmf  nt  of  the  parenchymatous  tiasue,  which  is  the  weakest  among  the  elementary 
oigaas  of  a  plant ;  linen,  of  the  woodpr  tissue,  which  i»  the  strongest:  hence  the  well- 
known  superiority  of  linen  to  cotton  m  str<>ngth. 

Cotton  fibre  consists  of  nearly  pure  cellulose  awiociuted  with  only  1  to  1 J  per  cent, 
of  inorgnnic  matter.  The  following  table  exhibits  the  composition  of  cotton  (after 
deduction  of  the  ash),  as  compared  with  that  of  pure  celluloae  C«H'»0». 


Analt/ac«  of  Cotton, 
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Carbon 
Hydmgon 
Oxygen     . 


44-37 

7-54 
48-39 


43-27 
630 
6043 


44-44 

6-17 
49-39 


10000       ItJOOO       10000 


100-00 


Cotton  (and  linen)  may  be  distinguished  from  wlk  and  wool  by  their  behAvioor 
with  sulphuric  and  with  nitric  acids.  Silk  and  wool  an?  turned  yellow  by  immprsion 
in  stnmg  nitric  scid,  whereas  cotton  and  linen  rcmnin  oolonrless.  When  woollen  tinnue* 
Ajntaininp  cotton  or  linen  are  immersed  for  a  quarter  of  an  hour  in  solphiiric  acid,  the 
cotton  and  linen  ftrst  swell  to  a  pasty  moss,  and  afterwards  dissolve,  while  the  auiiutil 
fibres  remain  unaltered.     (Bottger,  J.  pr.  Chem.  Ixxiii.  498.) 

Cotton  dissolves  in  sulphuric  add  more  quickly  than  linen ;  hence  it  may  be  doteotcd 
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COTTON. 


in  linen  bj  tte  foUoving  method.  TEie  tissue,  after  !>ptng  repcctedlr  WAsbed  vith 
niii*init<^r,  boiled  with  water,  and  dried,  u  dipped  for  J  to  2  raiuutef  in  oQ  of  ritriol, 
then  careMiy  preascd  ander  w»t*T  with  the  fingera,  washt-d  with  water,  immprsed  for 
ft  few  secoDds  in  ttqaeons  aminoniu^  carbonate  of  potassium,  or  carbonate  of  endium, 
again  washed  with  water,  and  dried  between  filtering  paper.  By  this  treatmpnt,  th» 
cotton  flbrea  are  diaaolved,  wiiiic  the  linen  fibres  are  merely  n-ndered  thinner  and 
more  translucent,  according  to  the  dorution  of  the  experiment ;  after  a  short  immeraioa 
the  cotton  fibres  appear  tn&naparent,  while  tbe  linen  fibres  remain  white  and  opaqne. 

Another  distinftion  between  cotton  and  linen  is  that  the  latter  acqaires  a  deep 
yellow  colour  by  boiling  with  water  containing  its  own  weight  of  hydrate  of  potaasfnm, 
whereas  cotton  is  little  or  not  at  all  coloured  by  the  same  treatment.     (Gm.  xr.  140.) 

Cotton  cloth  (calico\  vmmertied  for  10 — 30  minute*  in  syrupy  j>t.>tajth4ey,  and  then 
washed  with  alcohol  of  specific  gravity  0'826,  contracts  by_^jafter  drying,  and  contains 
14'72  per  cent.  pot*ish,  corresponding  to  the  formula  4(?H'*0*.KK)  which  reqaires 
14*69  per  cent.  K*0  (Gladstone,  Chem.  Soc.  Qu.  J.  t.  17).  Calico  immersed  in 
9odtt-lcy  of  specific  gravity  1*342  and  treated  in  a  similar  manner,  shrinks  in  diying 
by  \,  and  contains  968  per  cent,  soda  (4C*H"0».NaK)  =  9-fl6  per  cent.).  Unworen 
cotton  forms  •  nitff'laT  compound ;  longer  immersion  or  the  use  of  a  stronger  scdntton 
appears  to  produoe  partial  solution  and  decomposition.  Cotton  also  unite*  with  soda 
in  other  proportions,  bnt  never  with  a  larger  Quantity  than  tliat  contained  in  the  com- 
pound  juat  mentioned.  Water  ubt<tract^  all  the  lioda  from  the  compounds,  aud  lesvet 
a  shmnken  tissue  which  takes  more  brilliant  colours  in  dyeing  than  oidinary  eaHoo. 
(Gladstone,  loo.dL    See  also  Mercer.  Rep.  Pat.  Inv.  1861,  p.  368  ;  Gm.  xr.  141.) 

Cotton  immersed  in  aohitionsof  a/M»tor(if<'/fl&?  of  aluminium,  does  not  separate  any 
aluminn;  bat  if  the  solntion  of  acetate  of  aluminimn,  ferric  acetate,  or  any  other  salt 
containing  a  Tolalile  acid  be  left  to  dry  on  the  cotton,  the  acid  ToUUlisea  aSift 
a  while,  and  the  base  is  so  firmly  filed  on  the  cotton,  though  only  mechanically,  that 
it  cannot  be  removed  b^  washing  with  water  (Waller  Crum,  Ann.  Ch.  Pharm. 
Iv.  223.  Compt  rend.  xlviL  96 1).  If  the  cloth  uAer  this  treatment  be  immersed  in  a 
coloured  solution,  such  as  (hat  of  logwood  or  indigo,  the  colouring  matter  forms  an 
tnwluble  compound  with  the  base,  and  thus  becomes  permanently  fixed  U[»on  the  cotton 
fibre ;  whereas,  if  the  cloth  were  merely  dipped  in  tbc  coloured  infusion  without  being 

Ereviously  treated  with  the  metallic  salt,  or  mordajtt,  the  colour  imparted  to  it  would 
e  immediately  removed  by  immersion  in  water;  cotton,  flax,  hemp,  and  other 
^efretrtble  fibres  do  not,  like  wool  and  silk,  exert  any  specific  attractive  power  on  the 
eolnuring  matters  mixe<l  with  mordants.     (Sfe  Dtbing.) 

Culture  of  Cuiton.^VnifcwiOT  Mallet  of  Alabama  Uis  ktely  published  the  eom- 
mracement  of  an  elnbomte  inrestigntiim  of  the  chemical  and  physical  conditions  of  ths 
cultivation  of  cotton  (I'roc.  Roy.  Soc  xi  340),  from  which  the  following  general  con- 
clusions aro  dr.iwn. 

The  annual  cotton  plant,  as  cultivated  in  America,  attains  its  princip.t]  growth  dnrina 
four  months,  though  it  continues  to  develope  seed  and  fibre  for  a  ranch  longer  perioa 

Ir  requires  n  very  finely  divided  soil  through  which  its  rootlets  ciin  penetrate  with 
facility :  the  average  mass  of  soil  interpenetrated  by  the  roots  of  each  plant  ia  oboot  6 
eubic  feet. 

Cotton  is  not  an  exhamitive  crop,  inasmuch  as  tlie  great  mass  of  the  plant  —  root, 
stem,  branches,  leaves,  and  emptied  Iwles  —  remains  upon  the  field  and  is  plotiphed 
into  the  soil,  and  nothinp  is  removed  but  the  fibre  and  the  seed  ;  and  the  (greater  part 
of  (he  latter  is  also  rf  turned  to  the  soil,  the  8e«d  being  thickly  strewn  by  haadftdle  in 
a  continuous  row,  from  which  the  plants  are  afterwards  thinned  The  cotton  fLhte, 
which  couBtitolee  the  snleable  product,  and  is  absolutely  carried  off  the  land,  may  be 
looked  upon  as  a  very  li|;ht  crop ;  a  bale  of  400  to  500  lbs  to  the  acre  is  sometimes 
obtained  under  favourable  circiimstances,  but  this  is  much  above  the  average  for 
apUnd  cotton.  The  fibre  yields  from  1  to  1-6  per  cent  of  ash,  so  that  at  the  most, 
7f  lbs.  of  mineral  matter  will  be  removed  aonually,  which  is  not  half  as  mneh  as  is 
removed  by  a  crop  of  wheat  of  26  bushels  to  the  acre  in  the  grain  alone,  and  leas  than 
i  the  amount  removed  by  an  average  crop  of  potatoes.  Sometimes,  however,  a  con- 
siderable portion  of  the  seed  is  removed  from  the  plantation  to  be  usc-d  for  the  ex- 
traction of  oil,  the  rake  which  remains  being  exported  to  Europe  for  cattle-food.  Thia 
practice  tends  greatly  to  the  exhau-^tion  of  the  cotton  soil. 

Cotton  is  decidedly  a  gvn-plant,  requiring  a  high  summer  temperature  and  plenty 
of  sunshine.  A  moderate  supply  of  rain  is  advantageous  in  the  early  stage  of  growth, 
but  heavy  rdins  are  injurious  even  in  that  stage,  &nd  later  in  the  season  they  are 
absolutely  deatructivc.  A  water-soaked  soil  is  decidedly  unfavourable,  the  tap-veot 
not.  striking  down  in  such  soil,  and  the  plant  looking  fonnll  and  sickly,  and  bearing  bnt 
little  cotton.  The  soil  most  fiivonrable  for  cotton  cultivation  is  a  finely  di\'ided  noil 
capable  of  absorbing  a  consideral)le  quantity  of  aqueoua  vapour  from  the  atmosphere 
and  XT^itiaing  it  in  a  state  of  adhesion  ot  of  chemical  cinubination,  »o  as  not  to  render 
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th«  loil  mout  to  tlic  toudi.  8ach  m  boH  ena'bles  the  plant  to  withstand  Ticinitudes  of 
WMitber  and  seasoo,  ctorin^  up  hji'^i^roacopic  moist urv  in  damp  Mraaons,  and  yielding  a 
gradual  rappl}^  of  it  to  the  roote  in  the  latter  iitage  of  the  g^wth  wh«D  seed  and  fibre 
an  forming.  Another  ew«nti»l  condition  of  the  soil  is  the  power  of  graduallj  absorb- 
ing and  yii'ldiitg  a  considerable  quantity  of  gaaes,  especially  ammonia,  and  of  mineral 
matter  withdrawn  fVom  aolution. 

All  theae  coaditiocu  are  fulfilled  in  a  high  degree  by  the  soil  of  the  prairie  region  of 
Central  Alabama,  which  ia  a  ■tiff  aluminoua  day,  containing  a  moderate  amoont  of 
on^anic  matter  and  of  the  mineral  •Dbvlances  needed  by  the  plant  aa  tood — o(  great 
nniiomity,  and  in  an  exeeedixigly  fine  state  of  diviaion ;  above  all,  poaacaatng  a  Tvry 
high  capacity  for  absorbing  and  retaining  heat,  moisture,  gaacs,  and  soluble  mineral 
matter.  It  was  found  to  b«  ca{)able  of  condsnaing  62  times  its  own  Tolun](«  of  ammonia 
gas,  and  the  subsoil,  which  is  cakareouB,  was  found  to  absorb  64  times  its  own 
Tohtmu  uf  the  aume  gas. 

COTtnrirZTB.  NatiTe  chloride  of  lead,  PbCP,  found  in  the  crater  of  VesnTiu* 
ftfter  tho  eruption  of  1822,  in  acicular  crystals  of  the  trimetric  system,  and  capillaiy 
masses,  white,  baring  a  strong  lustre,  of  specific  gravity  5-238,  aod  soft  enough  to  b« 
scratched  by  the  nalL 

COVmAMAXanL  (?irNO»  -  N.H'.(?H»0»— Produced  by  the  action  of 
ferrous  acetate  (tron  filings  and  dQuto  acetic  acid)  on  nitroGoumarin.  The  reaction 
must  be  continued  for  twenty>four  hours,  and  the  filtrate  concentrated  by  evaporation : 
it  then,  on  cooling,  deposits  ooamario  in  fine  yellowish  needles,  often  serend  centi* 
metres  long.  It  is  nearly  insoluble  in  cold  water  and  in  ether,  bat  diesolves  readily  in 
boiling  water  or  alcohoL  A  saturated  solution  of  ferrous  acetate  appears  to  dissolve  it 
more  readily  than  cold  water.  It  melts  lietwe^n  1G8°  and  170°  C.,  and  if  cautJonsly 
mised  to  a  higher  temperature,  sublimes  without  decomposition  in  pale  yellow  scalett. 
Jt  is  rapidly  decomposed  by  boiling  potash ;  the  liq,uid  satorated  with  an  add  deposits 
brown  flakwL 

Conmaramine  unites  with  acids,  formiog  soluble  Mlts,  f^m  which  ammonia  preci- 
pitates the  base  in  a  crystalline  mass.  The  hudrochioraU!  forms  sealec  very  Aotublo  in 
water.  Tho  ekloroplatinaU,  2(C»H'N0»J!Cl).PtCT«,  is  a  yeUow  cryBtalline  pre- 
cipitate insoluble  in  water.    (Chiocsa  and  Frapolli,  Ann.  Ch.  Fharm.  zcr.  262.) 

OOiniKABIO  ACZ9.  C*H*0*  »  C*H'OMI.O  »  coumarin  +  1  at  water.  (De- 
lalande,  Ann.  Ch.  Phys.  [3]  vL  343.— Bleibtreu,  Ann.  Cb.  Pharm.  lit  177,)— Pre- 
pared by  boiling  coumarin  with  strong  pota5h-loy.  adding  solid  potash  if  necesssiy, 
and  precipitating  by  hydrochloric  add.  Cry«tftllise»  in  colourless  brilliant  lamime, 
himng  a  bitter  taste,  and  soluble  in  water,  alcohol,  and  ether.  It  melts  at  190**  C, 
and  at  a  higher  temperature  decomposes  partially,  yielding  a  crystalline  sublimate,  and 
leaving  a  brown  residue.  By  distillation  it  yields  an  oU,  which  reddens  ferric  salts 
and  appoara  to  unit«  with  potash.  Coumaric  acid,  when  pure,  does  not  impart  any 
riolet  oolour  to  ferric  salts.  When  melted  with  potash  it  giTes  off  hyditigen,  and 
jields  aalieyUte  and  apparently  also  acetate  of  potassium : 

C?BSy*  +   2KH0  -  CH«KO»  ^  C*H»KO»  +  H». 

Coufn*rie  SAllcrlate  of         AceUit«  of 

add.  poUMium.         poUHluia. 

Coomaric  acid  decomposes  carbonates.  The  formula  of  the  covmaretn  is  C*H'0*.M. 
CommaHUf  t^f  ammonium  dotm  not  precipitate  barium-salts.  Coumarate  of  lead  is  a 
vhite  pivdpitate,  pvlrerulent,  and  insoluble  in  water.  Coumaratt  of  tilver  is  a  light 
yeHow  pulverulent  precipitate,  or  if  formed  in  preMOoe  of  ammonia,  orange-coloured 
tad  flocculent. 

4H>mCAaZV.  C»H*0«.  or  C^'IPO*.  (Ouibourt,  ffistoire  rfw  Droqiws  gimplrg. 
—  BouIUt  and  Bou'ron-ChailJard,  J.  Pharm.  xl  480— Delalande,  Ann.  Ch. 
Phyi,  [8^  ¥1.843.— Bleibtreu,  Ann. Ch.  Phann.  lix.  177.-  Om.  xili.  321.)— This  sub- 
•tanee  exists  in  considerable  qtiantity  in  Tonka  beans,  the  fruit  of  CoumaruTna  od<»-ata, 
CT  DifUry*  edorata,  being  found  in  small  white  ciyst-als  between  the  seed  coating  and 
the  kernel.  It  is  also  found  in  woodruff  (^speru^  odorata),  in  MetHotw  officinalis,  in 
the  flowers  of  sweet-scented  vernal  grass  (Anthoxanthum  odoratum),  in  the  leaves  of 
Faham,  an  orchidaceous  plant  {Anffracum  fragana\,  in  the  leaves  of  Orckis/usca  (B}ey\ 
and  in  the  dried  leaves  of  Ltattru  odoraiismma,  a  composite  plant  growing  in  ^e 
•outhem  oartsof  Korth  America  (Procter,  Rep.  China,  app.  1S61,  p.  148),  In  soma 
of  theae  plants,  the  coumarin  was  originally  mistakrm  for  benzoic  avid. 

Coumarin  is  easily  extracted  from  Tonka  beans  by  digesting  thorn  in  strong  alcohol. 
On  evaporating  the  al^hol,  a  crystalline  magma  of  conmarin  is  obtained,  which  may 
be  decolnriserl  and  freed  from  a  quantity  of  adhering  oil  by  means  of  animal  charooaL 

Coumarin  is  colonrleas  ;  it  crystallises  sometimes  in  small  rectangular  plates,  some- 
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timn  in  Inrge  prianui  belonging  to  the  trimetric  eyttsm,  »P.  jf  od,  with  oo  P  » 
predominant  Inclination  of  the  facee  t»  P  »  :  P  oo  =  100**  (nearly),  oo  P  :  P  »  — 
104 -fi  (nearly ),  a:b:c~  0-3G4  :  1  :  1-036.  It  mclta  at  50=>  C,  and  boila  at  270<»  with- 
out seasible  alttsrution ;  baa  an  agreeable  aromatic  odtfur,  and  a  boruing  taste  ;  the 
Tiipoar  acts  Teiy  strongly  on  tbe  brain. 

Coumorin  ia  nearlv  Insolable  in  cold  water,  but  boiling  wat«r  dlBSolves  it  abun* 
dantly,  und  dcposite  it  on  cooling  in  very  slender  needli^.     It  diasolrea  without  altera- 
tion in  dilute  acids.     Strong  svlphuric  acid  chars  it  immediately.     Strong  nitric  arid 
ConTerbs  it  into  nitrocoumarin,  and,  after  long  boiltng,  into  picric  aeid.     Heat«d  with 
[cxeessof />o^a«A,  it  yields  salicylic  acid  and  coiim:iric  acid,  C"H*0'.     CMorine  and  Aro- 
I  <ntn«  form  crystalline  compounds  with  eonmarin ;  iodint  convert*  it  into  a  bron«e-gre«i 
lerystolline  substance     With  prntacMoride  of  antimony,  coom&ria  forma  a  cpystailino 
eompound  containing  C*H*0'.SbCl*. 

Ifitroeoumarin.    CH*<NO*)0*, — Obtained  by  projecting  eonmarin  by  small  por- 
tionB  at  a  time  into  <»ld  filming  nitric  acid,  and  precipitating  with  a  large  quantity  of 
water.     It  i«  then  deposited  a«  a  snow- white  floocnlent  muss.    It  diaeolves  in  boiling 
water,  alcohol,  and  ether,  and  crystallises  from  the  solution  in  small  white  silky 
needles.     Melts  at  170°  C.,  and  BobUraes  undceompofipd  at  a  high  temporatiire  in 
f  Kaereous  crystals.     Potash  colours  it  doop  red  and  dissolvcjj  it     .£:td*  added  to  tbe 
ttolution  throw  down  unalttfred  nitrocoumsirin.    It  diasolvea  in  ammonia  ;  the  solution 
I  irhen  boiled  erolrcs  ammonia,  and  on  cooling  deposits  part  of  the  nitrocoamarin  in 
white  crj'stals,  not  containing  ammonia  (Blcibtren).     Ferrous acetait  con rerts  nitro- 
coumarin into  coumaramine.     (Frapolli  and  Chioasa,  p.  191.) 

The  ammoniacal  solution  of  uiLrocoumarin,  freed  firom  excess  of  ammonia  by  boiling 

•nd  filtered,  forms,  witli  acetate  of  Uad,  au  orange-yellow  precipitate,  2C*H*(]S^0*)0*. 

I  81'bO,  soluble  in  a  largo  quantity  of  water,  lesa  soliible  in  alcr>hul,  insoluble  in  ether, 

decymp)««i  by  acids.  With  nitrate  of  silver,  in  like  manner,  a  beautiful  orangre-colonred 

precipitate,  C*H*(N0^)O'.Ag'O,  is  obtained,  which  explodes  when  heated.  (B 1  e  i  b  tr  e  u.) 

COUSBAXZX  XEsnr.  A  name  sometitnett  given  to  West  Indiaii  animi  resin, 
obtained  from  the  Hyinentm  Courbaril.     (See  i,  286.) 

OOVZaRAJTXTS.  A  silicate  found  in  the  noighboiarhood  of  Couzeran  in  ths 
Pyrenees,  It  contains  &2-37  per  cent.  SiO»,  24  02  Al^O",  11-85  CaO.,  1*40  MgO,  6-68 
K^O,  and  3*96  Na'^O  (D  u  f  ru  n  oy ),  whiuh  t*  nearly  the  composition  of  dipyre  {q.  v.)  Ac- 
cording to  Dtifi-cnoy,  the  drystuls  belonp  to  the  mono«Jinic  system,  whence  he  refers  it 
io  Labradorite ;  but,  acconliug  to  K,  P.  Grey,  jun,,  they  are  diinetric,  Uke  those  of 
dipyre,  which  mineral  is  also  found  in  the  frame  locality.  Specific  gravity  —  2-69, 
Hurdsess  =  6*0,  or  rather  above.  Colour  black  to  grey.  Lustre  waxy.  Opaqne. 
Helt«  to  a  white  enamel  before  the  blowpipe.  Insoluble  in  acids.  (Handw.  <L  Chco. 
ii.  [3]  220.— Dana,  ii.  206.) 

COTEXt^ZV.  Native  protoBulphido  of  Copper.  Sec  Coffer,  Stn.FHii>ss  or  (iL  74). 
CS^&XTONXTB.    8ee  Crichtokitb. 

CXAJllBE  NLaJKITX]K,&.  Srn  Kale. — A  cmciferons  plant,  the  young  sproats  of 
which  t'fuit^irij,  arconliiifi  to  T.  J.  llerapath  (Chem,  Soc.  Qu.  J.  ii.  4),  in  the  fteab 
state  OTl,  in  tlie  dry  »tate  9 '9  per  cent. a.sh  ;  the  lenvcs  17  per  cent  in  the  fi«ah,  and 
167  per  cent  in  the  dry  state.     The  eompofiition  of  the  ash  is  as  follows :  — 

CO*  SO"  P'O*  K-0  Nu'O  Naa 
tSppoots  .  4*2  218  61  67  236  trace 
jLeavea         .    6-9        161       tmco       21        20*8         121 


Soluble  in  water 


I-«--«'-lK' 2?1 


MgO» 
tr.ice 
trace 


CaSO«  Ca«P'0«  Mg'P'O*  ph^o'-^V 
trace      307        trace        trace 
1-6         131         tjsico  16 


CRA.T2:&Xir.  A  non-asotised  bitter  principle,  obtained  from  the  fresh  branch- 
biirk  of  the  wbite-thom  (CVo/<iytt*  oryfffflHMa),  It  cTyatjillisea  in  greyish-white  no- 
dules, like  gmpe-sugar,  has  a  bitter  taste,  dissolves  e:ij»ily  in  water,  less  easily  ig 
alcohol,  not  at  all  in  ether,  and  does  not  combine  either  with  adds  ot  with  "  " 
(Leroy.  J.  Chim.  M^d.  xvii.  3.) 

CKATrwrars.     Gmclin's  name  for  CsKATisrsrB  (y.  v.) 

CRAtr&ZTE.     See  Di^itKVHrrx. 

CHSJim.  The  fatty  portion  of  milk,  which  rises  to  the  surface  when  fresh  milk 
is  left  at  rest  for  twenty-four  hours.  Bftrzeliua  foand  in  100  pts.  of  cream  from  cow'a 
milk,  4*5  pta.  of  butter,  3-5  casein,  and  920  scnara. 

CSBA2K  0P  TASTAR.    Acid  tartrate  of  potassium  (see  Tabtjuuc  Acm). 
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C'lPKK)*.  or  CiryO*.  (CheTrenl  J.  Phwin.  ncL  234;  Pet- 
tenkofer,  Aon.  Ch.  Phanu.  lii.  97;  Liebig.  Ann.  Ch.  JPhaniL  IxiL  282;  Ileintz, 
Po|u:g.  Ann.  Ixii.  602 ;  Ixx.  460 ;  luiii.  696 ;  IxxJT.  126 ;  Compt.  rend.  xxir.  600 ; 
Orcgory,  Chem.  Soc.  QiL  J.  L  26;  DesssigneH,  Compt  reud.  xuriii.  839;  »1L 
1268;  Ann.  Ch,  Pharm.  xcriL  339;  J.  Pbarm.  [3]  rxxii.  41  ;  Om.  x.  249;  Gerh. 
i  630;  ui.  989;  it.  893.) — An  organic  baa«  discorered  in  1836  by  CbeTreol  in  the 
yueu  it  Utah;  mora  minuMy  examined  by  Liebig  in  1847. 

Amhwm. — Id  the  tnu»calar  fle«b  of  mammalia,  birds,  amphibia,  and  AhUm.  Lnn 
hone-fUeh  contains  0*070,  and  the  flfsh  of  poultry  0-86  p^  cent,  of  creatine.  That 
of  the  marten  yields  lees  than  that  of  ponltry,  but  more  than  that  of  other  qnadmpeda : 
after  horae-fleeh  follow,  in  decreasing  serieet,  the  flesh  of  the  fox,  roe-buck,  stag, 
hare,  os,  sheep,  pig,  calf,  and  pike.  Fat  animals  yield  mnch  leas  crt-atine  than  Iran 
ones;  r.  ff.  a  fox  uttened  on  meat  fbr  100  days,  yields  only  ^  as  much  a4  one  that 
has  been  killed  in  the  chase  (Liebig).  BoIlock^s  heart  yidds  0  142;  tbo  Hcsb  of 
poultry  0*321 ;  that  of  the  pigeon  0083,  that  of  eod  0170;  and  that  of  the  ray 
0'61  per  cent.  ^Gregory).  Human  flesh  yields  0'067  per  cent ;  that  of  the  alligator 
likewise  eontains  creatine  (Schloasberger,  Ann.  Ch.  Phonn.  Ixn.  80;  xlix.  344). 
The  flesh  of  the  Rorqual  whale  {Balmwptera  musctilus)  likewise  yields  a  small  quan> 
tity  of  creatine.    (D.  Price.  Chem.  Soc.  Qu.  J.  iiL  229.) 

Stadeler,  has  obtained  creatine  firom  the  flesh  of  the  dog,  pigeon,  SpinoTaranthus, 
and  Petromjffon  Jhiviatili*  (J.  pr.  Chem.  Ixxii.  266).  Creatine  is  likewise  found,  toge> 
thenr  with  creatiniDC,  in  urine  ;  together  with  creatinine  and  serolioe  in  \i\chA  (V erdeil 
and  Marcet  J.  Pharm.  [S]  xx.  89);  and,  together  with  urea,  in  the  brain  of  pigeoni 
and  of  dogs.    (St&deler.) 

It  is  not  yet  decided  whether  creatine  cdsti,  as  radi,  in  the  liTing  animal  body,  or 
whether  it  is  formed  teom  oreatiiirinw  eodsting  therein,  by  the  proeeas  of  preparation. 
Creatine  and  ereatintne  differ  in  eomposition  only  by  the  elements  of  water,  and  are 
•aaily  converted  one  into  the  other, — creatine  into  creatinine  under  the  inflnenco  of 
acids,  creatinine  into  creatine,  by  the  action  of  alkalis,  the  action  in  cither  case  being 
aecatatattd  by  heat.  Now,  in  preparing  creatine  either  from  fleeh-juice  or  from  urino, 
tha  vsnal  proct—  is  to  neutralise  with  an  alkali,  and  concentrate  the  liqald  by  heat ; 
by  this  process  the  creatinine  existing  in  the  original  liquid  is  sure  to  be  converted 
partly,  if  not  wholly,  into  creatine,  and  it  is  poaaible  that  the  whole  of  the  creatine 
actoally  obCaiood  may  be  produced  in  this  way ;  for  there  is  no  simple  reaction  by 
whieh  maatilWi  can  be  detected  in  the  original  liquid,  in  prpsence  of  crenfinine.  Fn^m 
theespcrimmtsof  De8Baigne8(J.Fharm.  [3]  xzxii.  41),  it  af^)ean!  that  human  urine 
yields  more  creatinine  and  less  creatine  the  more  qnickly  the  prooess  of  sepamtton  is  con- 
ducted. Li  e  b  i  g  (Ann.  Ch.  Pharm.  enii.  334)  found  that  the  f^h  nrine  of  a  dog  which 
had  been  fed  on  meat  for  some  weeks,  yielded,  when  mixed  with  milk  of  lime  and 
immadiately  rr^wratfed,  a  oooadarable  quantity  of  creatinine  but  no  creatine,  but  if 
left  to  ftand  for  six  weeks  befin*  eraporation,  it  yielded  creatine  without  creatinine. 
In  this  case  the  creatine  evidently  resulted  £rom  the  decomposition  of  the  crttttinine. 
Desaaignes  is  of  opinion  that  the  creatine  of  muscnlar  flesh  is  likewise  produced  by  the 
deeompoaition  of  creatinine. 

PftpanUion.  1.  From  mutcular  fle»h. — a.  The  aqneoos  extract  of  beef  is  empo> 
fated  to  vacuo ;  the  residue  exhausted  with  alcohol,  and  the  alcohol  craponited  till 
the  creatine  crystallises  out  The  greater  portion  remaimi,  however,  in  the  mother* 
liquor,  being  prevented  £ram  crystallising  by  the  presence  of  foreign  bodies  (C  h  e  v  re  n  I). 
In  a  Bimilar  manner,  Schlossberi^  obtained  creatine  from  the  flesh  of  the  alligator 
and  purified  the  erystals  by  washing  with  cold  alcohoL 

b.  The  fresh  lean  mnscalar  fleeb  of  mammalia  or  birds,  is  freed  as  mnch  as  possible 
from  fat  (which  would  stop  up  the  press-bag  when  the  meat  is  subjected  to  pressure), 
and  chopped  np  fine ;  5  lbs.  of  it  are  then  well  kneaded  with  an  equal  weight  of  water ; 
the  h«^uid  is  well  pressed  out  in  a  eoarse  lincjQ  bag ;  tiie  residue  twice  treated  with  water 
in  a  similar  manner;  6  lbs.  of  muscnlar  flesh  kneaded  tO|{ether  with  the  expressed 
liquid  ;  the  naidaa  kneaded  witli  the  third  ernrttwed  liquid,  and  then  after  pressure 
with  6  lbs.  of  pure  water;  and  the  united  liquids  sre  strained  through  a  clotn.  The 
resulting  reddish  liquid,  which  reddens  litmus,  is  kept  at  100*^  C,  tn  a  large  glass 
(lask  over  the  water-bath,  till  the  albumin  and  blood-red  hare  completely  separated 
is  the  form  of  a  coaguium,  and  a  sample  nf  the  licjnid  mnains  dear  when  boiled. 

To  decolorise  the  liqui<i  obtained  from  some  kinds  of  meet  it  muxt  be  heated  in  a 
basin  till  it  froths  op.  The  hquid  is  then  strained,  first  ttirough  linen,  the  coaguium 
being  pressed  oat,  then  through  paper.*    The  filtrate  is  then  mixed  with  saturated 

*  The  flUmt*  obtaliMKi  from  lh*  (l^h  of  thr  ox,  ro^tmck,  hxr*,  or  lax,  whirh  c«nitalni  a  largv  qiuuitltf 
of  btood,  rdslnt  «  rMldUh  imi ;  that  from  t«al,  (•cuUtj.  or  ytVr  i»  ripitrly  rulourUu  ;  gain«  and  poultry 
ylifKtiinMrlrtrantpareniflUrM/'.Mhichiiverjr  (avourtblttoUtrorKaltilnrofrrMllnr;  horip-Rnh  andcfj 
f  l«ld  «  turbid  filtratd,    tr  (bo  filtrate  wet*  VTaporatod  tXwa*.  o*ea  kolow  10«",  it  would  bccoa«  cotoun4 
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htujtA'Watet,  the  additioii  of  that  liqni'd  being  continued,  oven  after  the  filtmt*  hiui 
been  rpudcrcd  nentral  or  alludiDe  hv  it,  aft  long  as  a  precipitate  of  phosphate  of  barioui 
•ltd  phosi>hiite  of  maffnesium  continues  to  form  ;  the  filtrate  eTa{H>rat4Ml  in  a  shallow 
biisin  over  the  wuter-oath  to  r\  ;  and  the  tbioki«h  residue  set  aside,  first  in  a  wm 
place  to  eraporate  further,  and  then,  after  crystalliaation  has  commenced,  in  the  eold* 
The  nee<Di''a  thua  ohlaincd  are  separated  from  the  mother-liquor  by  filtration,  waAbed 
first  with  water,  tlicn  with  alcohol,  and  difiaolred  in  boiling  water ;  and  the  aolatioo, 
if  coloured,  digested  with  a  small  quantity  of  blood-chareoal,  then  filtered  and  left  to 
cool,  whereupon  it  yields  pore  rrystals  of  creatine  ^Liebig).  If  a  flufficient  quaotity 
of  barytaowater  baa  oot  been  added,  the  crystaU  will  be  contaminated  with  pboephat« 
of  magneeium.  In  that  case,  the  hot  aqneoos  solution  must  be  boiled  with  a  — "-" 
quantity  of  hydrated  oxide  of  lead;  digeatend,  after  filtrution,  with  blood-chi 
which  removes  the  last  traces  of  lead;  and  the  filtrate  again  left  to  cryai 
(Liebig.) 

e.  The  chopped  flesh  of  pike,  when  boiled  with  wat^r,  swelli  op  to  a  gnmmj  maa^ 
from  which  the  liquid  cannot  be  expressed.  A  mixture  of  the  chopped  flesh  with 
water  muat  therefore  be  thrown  njwn  a  funnel ;  ^midl  quantifies  of  water  allowed  to  mo 
gr^tuUly  through;  and  the  slipbtly  turbid,  acid  liquio,  which  smells  and  tast««  of  fiah, 
separated  from  the  soft,  white  coaguluni,  nrocipitated  with  baryta-water,  then  filtered 
and  evaporated.  It  forma  on  cooling  a  eolourlws  jelly,  in  which,  in  the  conr»e  of  24 
houn,  crystala  of  creatine  begin  to  form.     (Liebig.) 

The  extract  of  the  flesh  of  poultiy  or  pigeooa  depoeita  brown  flakes,  together  with 
the  crcjitine  cryBtala;  —  the  flesh  of  bullock's  heart  often  yields  but  few  of  the  pai«r 
crvstala,  but  a  conaiderable  qoantity  of  brown  flakea,  &om  which  boiling  wat.er  extrarti 
a  large  additional  quantity  of  creatine.  From  skate  and  cod  the  juioe  may  bo  eaaily 
expressed,  after  the  flesh  baa  been  mixed  with  rather  more  than  eqnal  quantity  c^ 
water;  the  jelly  ultimately  obtained  from  it,  in  which  the  oreatine-crystala  form, 
dissolves  readily  in  cold  water,  and  deposits  more  crystals;  the  flesh  of  cod  yields  the 
whitest  creatine.  From  the  Hympy  mother-liquors  of  crade  creatine,  chloride  of  rinc 
does  not  form  any  aincochJoride  of  creatinine,  or  only  a  trace ;  but  the  mother-Uquorg 
obtained  in  the  recryataUiaatiou  of  crude  crcatiQe  yield  this  precipitate  on  addition  of 
chloride  of  airac.    (Gregory.) 

d.  Chopped  flesh  mixed  with  coarsely  pounded  glass,  is  digested  with  14  time* 
its  volume  of  aleohol  at  a  gentle  heat;  the  liquid  Is  then  preased  out  and  distilled,  the 
residue  treated  with  basic  acetate  of  lead,  the  excess  of  kad  separated  by  snlphydrie 
add,  nnd  the  clear  liquid  eTaporated  to  a  syrup.  On  cooling,  creatine  crystallisea  out ; 
and  after  some  days  the  crystalline  mass  is  spread  out  on  unsized  paper  to  absorb  the 
mother-liquor ;  after  which  the  creatine  is  dusolTed  in  hot  water  or  alcohol,  and  re- 
eryst&llised.     (Stadoler,  J.  pr.  Chem.  Ixxii.  258.) 

2.  From  Zinco-chloride  of  Creatinine. — a.  The  solution  of  this  eompoiind  in  boiling 
water  is  digested  with  hydi-aled  oxide  of  lead,  till  it  acquires  a  strong  alkaline  reai^tion ; 
fllterod  from  the  oxide  of  sine  and  oxyohloride  of  lead  ;  digested  with  a  little  blood- 
charcoal,  which  removes  the  small  remaining  quantity  of  lead,  together  with  fibrin ; 
the  filtrate  evaporated  to  dryness ;  and  the  remaiuing  mixture  of  creatine  and  creati- 
nine, treated  with  an  eightfold  quantity  of  boiling  alcohol  to  dissolve  out  the  latter: 
the  alcohol,  on  cooling,  likewise  deposits  crystals  of  creatine,  which  are  added  to  the 
Budissolved  re-sidue  of  creatine,  and  the  whole  is  purified  by  recrystallisation.  (The 
alcohol  filtered  after  cooling  deposits  creatiniue:  Liebig.)— ^.  The  boiling  aqneoos 
■olutba  of  the  unc-compouad  ia  treated  with  baryta-wafer,  which  predpitatea  nno> 
oxide,  together  with  the  greater  part  of.  the  adhering  fibrin ;  carbonic  acid  gas  is 
passed  through  the  filtrate  ;  the  liquid  again  fllterod  to  separate  carbonate  of  barium; 
the  filtrate  evaporated  to  drj-ness  in  vacuo ;  the  residue  exhausted  with  alcohol ;  the 
baryta  which  has  been  tuken  up  by  the  alcohol  as  chloride  of  barium,  precipitated  by 
sulphuric  acid ;  the  liquid  again  filtered,  boiled  with  oxide  of  lead,  treated  with 
absolute  alcohol  to  precipitate  all  the  chloride  of  lead,  and  filtered  from  chloride  and 
Bulphate  of  lead ;  any  le^  that  may  yet  remain  dissolved  is  removed  by  sulphuretted 
hyopogen;  and  the  filtrate  is  evaporated  to  diyness  over  the  waterwbath(Pettenkofer). 
The  residue  thus  obtained  contains  creatinine  as  wcU  us  creatine  (Liebig), — e.  The 
boiling  aqueous  solution  of  the  sine-compound  is  mixed  with  ammonia  till  it  begins  t» 

In  eontequence  of  Ihr  presence  ot  free  arid,  whirh  irouti!  A*iit>m\>o**  the  rre«tln»,  um!  lear*  a  dark-brown 
■jrrup,  havlnf  the'  odour  of  rout  mPAt,  which  would  yield  but  nTerjr  imtLlilquuiUtr  of  creatine,  rvra  alter 
long  •tiuidin^.  Thli  Jippeari  to  be  the  reaaoo  whr  BeriellUi  { Juliref tier,  till  iwaj  aiui  Fr.  Slmoa 
{N.  Br.  Arch,  ix»l.  383)  did  not  tuccFRd  in  prtparins  crntlne. 

*  The  liltT,ite  rrom  poultrf  remala*  cl«ar  when  cvaporiitml,  and  txvoinM  covered  with  a  fllni  of  cartMV 
naie  of  baritim  If  too  much  baryta- watftr  hai  br«n  added  :  that  rrom  twnt  l>pr«inei  corered,  when  conrt>n- 
traied  to  a  thin  iynip,  with  a  mucnui  itnitn  which  tweU*  up  in  Wiiti-r,  hut  It  Inteiluble  and  mufl  ba 
rpmoTcd  ;  and  that  from  veal  or  harte-deih  with  fitms  which  are  contiQiiaiij  reoewed,  ami  mUat  be  coa* 
Itauallf  ikimmed  oS. 
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■how  turbiditj.  and  then  prraipitAted  with  Bolphidc  of  onunomuni ;  the  filtrate  en^ 
pOTmt«d  to  a  small  balk,  and  mixtni  vith  absolute  alcohol ;  and  th«  crvstds  of  creatine, 
which  eepanit«  from  the  liquid  after  Long  standing  in  theeold,  are  pnnfit'd  by  reeiystal- 
liaation  from  water  (Heiota).  Tfa«  creatinine  renuina  in  the  aloohoUe  motha«- 
liquor. 

The  cryBtalfl  of  creatine  obtained  by  either  of  these  prooesees  may  be  freed  from 
water  of  crystalltBation  by  heating  them  to  100°C.     (Lie big.) 

Proper HcM,  —  Anhydroue  creatioe  ibrma  a  white  opoqoe  ma««  (LiebigV  It  is  in- 
odorow,  baa  a  somewhat  bitter  taato^  and  prodocee  a  acratehiiig  eeontion  in  tbo 
throat  (Lie big).    Ketttnd  to  vegetable  eolours.    (CherreuL) 

The  oompoaitioiD  of  creatine  dned  at  100°  C.  ia  aa  follows :  -^ 


Caltmtaimu 


Analj/ta. 


36-«4 

6-87 

3206 

2443 


10000 


Licbtff. 

Lt«ii4|. 

H«iiitt, 

0. 

h. 

r. 

86-66 

86-90 

36-39 

6-96 

707 

6-86 

32  Ifi 

3261 

31-64 

24-23 

23*42 

25-11 

10000 


100-00 


100 -00 


a  was  obtained  from  meat;  b,  from  sinco-ebloride  of  creatinine  prepared  front 
human  urine. 

The  Ay(<ra<(i.  C*ir*N*0'.IPO,  forms  perfectly  limpid  prinms.  belonging  to  the  mono- 
cliai«  mtam.  Inclination  of  the  ctinodiagonal  to  the  principal  axis  —  70°  20'. 
Tn<^lin«tMn  of  the  Utm  wP :  ooP  in  the  plane  of  the  orthodingonal  and  principal  axis 
-  1380  T  (nearly).    Spedfle  gravity  of  th«  OTStala  -  1*35  to  1  34. 

Ocatine  dissolrca  in  74-6  pta.  of  vpatir  at  18°C. ;  it  is  very  soluble  in  boiling  water 
and  is  deposited  on  cooling  in  a  mass  of  needlee.  It  dissolves  in  9410  pta.  of  abtolute 
eleokoly  but  is  more  soluble  in  amtam*  alcohol ;  iMolnble  in  ttker. 

Pmrnpofiiion*. —  1.  Hydrated  creatme,  when  heated,  first  giree  off  its  water  of 
cxyslsUisation  with  decrepitation;  then  melts  without  becoming  colooMd;  after- 
varda  emits  an  odour  of  ammonia,  hydrocyanic  add,  and  phosphoras;  and  huftij^  girtt 
Ut  yellow  fam^  which  condense  partly  to  an  oil,  partly  to  neodle-ahaped  <97«tals, 
and  leaves  a  small  quantity  of  charcoal  (CheTrcul). — 2.  The  solution  of  creatine  in 
•qneoos  hypermanqanatt  of  potauium  is  decolorised  by  continued  digestion,  without 
evolution  of  gas,  tne  creatine  being  decomposed  and  carbonate  of  potasoium  formed 
(Lie big).  The  sqneoos  solution  of  creatine  is  not  decomposed  by  boiling  with  prr- 
o:ride  o/Uad  {Litbig),  It  isJiot  coloured  by  boiling  with  memiricniirfl/^(CheTreul). 
— 3.  Creatine  diaaolved  in  atrong  nitric,  tulphirio.  photphoria,  or  Hydrocktork  arid,  is 
ronverted  into  creatinine  hj  ab^raction  of  WO,  we  creadnine  then  combining  with 
the  add  (Li  eb  i  g).  But  if  these  adds  are  dilute,  the  creatine  remains  onalterc^  cren 
after  long  boiling,  and  the  solution  in  cold  hydrochloric  acid  leares,  by  spontaoeona 
•vaporation,  crystals  of  pure  creatine  (Licbig).  If  dry  hi/droehlorie  arid  qa«  he 
paaaed  over  149  pts.  (1  at.)  of  hydrated  creatine  heated  to  100^  C,  the  weight  first 
mereases  by  ahoorption  of  hydrochloric  acid ;  but  if  dry  air  be  then  passed  through 
the  apparatoa  for  some  time,  water  is  continuously  given  ott,  and  the  compound 
diminishes  in  weight,  till  it  amounts  to  only  154*16  pts.,  and  contains  38*05  pts.  (a 
little  more  than  I  at.)  hydrochloric  acid.  Hence  30  pts.  (1  at  of  water  of  crystallisa- 
tioa  and  1  at.  more  produced  from  the  creatine)  have  been  given  off,  and  on  the  other 
hand.  38*06  pta.  (1  at)  hydrochloric  add  have  entered  into  combination  with  the 
hydrated  creatine: 

C'H"N»0«  +  HCl  =  C*n'N»O.HCl  +  2IP0. 

tlyJralrd  HTdrofhtorsteor 

C^fiatme.  crvaciniiip. 

131  pts.  (I  at)  of  dry  creatine,  Kimilarly  treated  with  hydrochloric  add  gas,  take  up 
about  18*04  pta.,  because,  in  this  caw,  only  18  pts.  (1  at.)  wwter  are  given  off  for 
every  364  pts.  (1  at.)  hydrochloric  acid  taken  up  (Liebig)._The  colourless  solution 
of  creatine  in  nitric  acid  of  specific  gravity  1-34  gives  off  nitrous  fumes  when  heated  in, 
the  wstT-bath,  and  leaves  on  evaporation  a  colourless  residue  (of  nitrate  of  creatinine), 
which  dissnlvea  in  water,  separates  out  therefrom  in  small  grunulce,  and  does  not 
precipitate  dichloride  of  platinum  (Chevreul). — 4,  By  boiling  with  a  small  quantity 
of  baryta  dissolved  in  water,  creatine  is  resolved  into  sarcoeine  and  urea,  which  is  thea 
quickly  resolved  by  the  baryta  into  carbonic  acid  and  ammonia  (Liebig): 
C^H'N'O*  +  IPO  -  C»H^NO»  +  CH'NK). 

CrMtliut.  Sarcailn«.  Urea. 

TtoTA  this  deeompoeition  Strecker(Ann.  Ch.  Fharm.  czriiL  151)  infers  that  creatine 
You  IL  H 
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maj  b«  regarded  as  a  eompoimd  of  eyaoAmide  (urea  minuf  water)  and  saIv^osia« 


CN    \ 
(C?*H«Or[N« 


An  aqoeocti 


CH«fO. 

aolation  of  creatine  aatarated  at  the  boiling  heat,  and  mixed  with  dyat-ols  of  barjrta 
amounting  to  10  ttmea  the  weight  of  the  creatine,  remains  clear  ot  first,  bnt,  if  the 
boiling  be  continued,  gives  off  abundance  of  aiamonm ;  deposits  carbonate  of  barium 
at  thA  same  time ;  and,  if  fresh  bar3rta  be  added  from  time  to  time,  is  ultim&tely  found 
to  contain  scarcelj  any  thing  but  sarcosine  and  carbonate  of  h*rium  ;  and,  if  the 
operation  be  interrupted  during  the  strongest  erolation  of  amtnonia,  likewise  a  littla 
urea.  A  small  quantity  of  another  sabstanoe,  probahtj  urethane^  is  however  produced 
at  the  same  time :  for  if  the  alcohol  from  which  the  sulphate  of  sarcosine  has  crystal- 
lised oatv  be  mixed  with  wator,  neutralised  with  carbonate  of  boriom,  filtered,  and 
CTaporated  to  a  thin  synip,  colourless  needles  and  lamina)  are  obtained  which  redden 
lifmus  very  slightly,  fuse  and  TolatUiso  when  heated,  without  leaving  bazTt«,  and  dis- 
gr>lre  in  water,  in  alcohol,  and  in  30  pts.  of  ether ;  their  aqaeoos  solution  does  not  pr^ 
cipitate  the  salts  of  barium,  calcium,  or  silver,  or  neutral  acetate  of  lead,  or  corroeiva 
sublimate  (Liebig). — 5.  The  aqueous  solution  becomes  turbid  by  long  standing 
(if,  according  to  Liebig,  it  contains  a  trnce  of  foreign  organic  matter),  and  evolves  a 
sickening  ammoniacal  odour  (Chevreul"). —  6.  When  mtrout  gat  is  passt^  into  a 
solution  of  creatine  in  nitric  acid,  an  alkali  is  formeii  having  the  composition  C*NH* 
(Dessaignes).  —  7-  When  an  aqneouii  solution  of  creatine  is  heatea  with  mtrcttrie 
oxide,  carbonic  acid  is  evolved,  and  methyloraiaine  (C-H'N*)  obtained  in  the  form  of 
an  oxalate  (Dessaignes) : 

2C*n»N»0'  +  0»  -  2C'H^*«  CIPO*  +  2C0»  +  WO. 
Crutloe.  Oxalate  of  mctbjrU 

urunloo. 

The  same  trunsformation  is  effected  by  a  mixture  of  peroxide  of  lead  and  aulphnn'e 
add  (Destatgnes).->8.  Hot  nitric  acid  deoompoaea  creatine,  yielding  methyl- 
amine  and  ammonia  (DesHaignes). —  9.  Creatine  heated  with  soda-lime,  givea  off 
methylamine.     (Dessaignes.) 

Salts  or  CttXATisB.  Creatine  is  a  vexj  weak  bofle,  not  being  capable  of  neutral* 
ieing  the  weakest  adds,  even  wh^ii  added  in  very  large  quantity.     (Liebig.) 

Sidp1kat4t  of  OreaUnt,  2C*H''N='0'.S0*H»  and  the  Hydrochhratf,  CiPN'O^.HCI,  ai« 
obuiiued  in  fine  prisms  by  dissolving  creatine  in  the  proper  quantity  of  acid,  and 
evaporating  the  solution  at  30°  C.  or  m  vacuo;  they  are  soluble  in  water  but  not  deli- 
qmwoent.    (Dessaignes.) 

yitraUf  of  Creatine,  C«II»N»0*NO'IL— Obtained  by  dissolving  crystallised  creatine 
in  the  requisite  quantity  of  nitric  acid,  and  evaporating  the  solution  at  30*  C;  or  hj 
passing  a  rapid  Btream  of  nitrous  gas  through  water  contuning  an  excess  of  creatine  io 
■uapenBion*  The  creatine  dissolves  with  tolerable  rapidity,  and  a  considerable  quantity 
of  small  shining  crystals  of  the  nitrate  are  formed,  which,  when  rccrj'Btallis«?d  by 
dissolving  them  in  lukewarm  water  and  cooling,  form  liiifk  short  prisms,'  This  aalt  is 
less  solttble  in  wat«r  than  the  uulphate  or  hydrocMorate.  The  solution  has  a  very  sour 
tast*,  and  ia  decomposed  bj'  ammonia  with  precipitation  of  creatine.     (Dessaignes.) 

from  a  solution  la  warm  baryta-water,  creatine  crystallises  on  cooling  without 
taking  up  any  baryta.     (Liebig.) 

The  aqueous  solution  of  creatine  does  not  precipitate  chloride  of  barium,  basic  acetata 
of  lead,  ferric  sulphate,  cupric  sulphate,  nitrate  of  silver,  or  totrachloride  of  platinum 
(Cbevreul).     It  does  not  precipitate  chloride  of  zinc,  unless  it  contains  creatinine 
(Heintz).      The  warm  non-1)oiling,  aqneows  solution,  added  to  chloride  of  zinc,  do^^^ 
not  throw  down  any  crystalline  compound,  but  yields  the  creatine  in  the  separate  stai^^H 
on  cooling  (L  iehig).  On  boiling  the  mixture,  the  jfinc-procipitate  ia  formed  (Heint^j^^^ 
probtibly  from  conversion  of  the  creatiae  into  creatinine. 

CXBJkTUfJWBf  C*H^N»Oor  (?fl*A™0*.  (Liebig,  Ann.  Ch.  Pharm.  liii.  298  and 
824. —  Ileintx,  Pogg  Ann.  IxiL  602  ;  Ixiiit.  605;  lixiv.  126.)  — Heintz  and  Petten- 
kofer,  in  1H44,  and  nearly  at  the  same  time,  discovered  in  human  urine  a  nitrogenona 
substance  which  formed  a  crystalline  precipitate  with  chloride  of  zinc  The  crystalline 
substance  separated  irom  this  precipitate  was  regarded  by  Pettc>nkofer  aa  a  peculiar 
compound  =  C*H"N'0"  [plainly  a  mixture  of  creatine  and  creatinine],  by  Heinta,  at 
ilrst  as  an  acid,  and  afterwards  as  creatine,  till  Liebig,  in  1R47.  showed  that  it  was  a 
mixture  of  ereatine  and  creatinine,  which  latter  he  had  just  before  discovered 
and  investigated,  having  obtained  it  by  deoomposing  creatine  with  concentrated 
acids. 

Souroa, — I,  Li  human  uriaa,  to  the  amount  of  O'S  per  cent  (PetteukoferX  and. 
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•eaardioff  to  H  »i a  is,  lik«viM  in  the  qhjia  of  htnwM  and  other  mAmmalia.  S  o eo loff 
ha«  foand  it  in  the  urine  of  bonM  ud  of  eilv«a — 3.  In  miuctdiur  flesh.  Asitoocun 
in  the  mother-liqoor  of  the  CMttino  prapaMd  from  fleah,  and  u  dilate  adds  do  not 
eoBTVKt  creatine  into  ereatiniiM,  wt  cannot  eoppose  that  this  creatinine  of  muscolar 
i«ah  u  formed  by  heating  the  decoction  of  the  fleah  (Liebig,  aee  p.  97).  — 3.  In 
Uood.     (VerdeilandMarcet) 

/VwinaMon.— From  creatine,  oj  the  action  of  the  atronger  mineral  acidm 

iVvparaftmi—  L.  Front  Human  htiim.— d.  Frrah  human  urine  in  neutTaliaed  with 
cnrboBatoof  •odiom,  and  ersponited  bdow  100^  0.  to  a  syrup  (till  the  salte  cryatalliaa 
Mlt»  afioofding  to  liebig) ;  thu  cyrap  b  exhaoeted  with  alcohol ;  the  filtrate  mixed  with 
A  coneenta>Ated  solution  (alcoholic,  aooording  to  Heintz)  of  chloride  of  zinc,  which 
at  first  throwa  down  a  brown  amorphooa  precipiUtt«,  containing  zinc  (phosphate  of 
ainc,  aeoording  to  Heints),  then  after  acreful  hours.  ciyntAllin*  grain* ;  the  whole  of 
the  predpitata,  after  standing  for  some  time  is  collected  on  a  filter  (Heiotz  waithes  it 
with  weoik  alcohol);  boiled  with  water,  i^hioh  IcuTee  the  amor{^ihous  precipitate  undia* 
BolTcd ;  and  the  filtrate  eTapotated, — whertnpon  it  yicItU  yoliow  cnatak,  which  may 
be  freed  from  adhering  aalta  by  repeated  boiling  with  strong  aJc-ohoI  (I^ettcnkofcr). — 
h.  Freah  bnman  urine  is  neutralised  with  milk  of  lime ;  chloride  of  calctum  added  as 
long  as  a  precipitate  of  phosphate  of  calcium  continues  to  form  ;  the  filtrate  evaporated 
till  the  mJts  crystalliM  oot;  38  pta.  of  the  mother-liquor  mixed  with  1  pt,  of  chloride 
of  cine  dissolved  in  the  smalleflt  possible  quantity  of  water ;  the  mixture  set  aside  for 
fourda^;  and  the  einc-compound  which  separates  in  nodules  washed  with  cold  water 
(Liebt^). — e.  Putrid  human  urine  is  boi^  with  eaoass  of  milk  of  lime  till  it  no 
bmgsr  siTes  off  ammonia ;  the  filtrate  is  eraporated  to  a  aymp,  and  mixed  as  aboTO 
with  chloride  of  sine ;  and  the  crystals  which  form  after  long  stunding,  are  washed. 
(Liebig;  see  also  Dessaignes,  J.  Phann.  [3]  zxxii.  42.) 

To  purify  the  crystals,  it  is  not  good  to  use  boue-chsrcoal,  which  occasions  great 
loss ; — but  they  most  be  dissolved  in  hot  water ;  the  solution  mixed  with  ammonia  till 
a  precipitate  begins  to  form ;  the  pncipitation  completed  by  means  of  sulphide  of 
ammonium;  the  fiJtrate  highly  ooneeotntcd  and  mixed  with  absolute  alcohol;  tha 
nearly  white  crystals  of  creatine  and  creatinine,  which  are  obtained  by  cooling  tha 
solution  to  a  low  temperature,  dissolved  in  the  smallest  possible  quantity  of  boiling 
water ;  the  solution  mixed  with  alcoholic  chloride  of  sine ;  and  the  crecipitate,  which 
Ibnns  on  sotting  the  liquid  aside  in  a  cold  place,  washed  with  slcohol.  The  above- 
■antioned  mother-liquor  of  creatine,  which  likewise  contains  sal-ammoniac,  also 
yidda,  with  alcoholic  chloride  of  sine,  a  precipitate  which,  when  purified  by  cnrstal* 
Bantion  from  boiling  water,  yields  the  sine-compound  in  white  czystala.  (Heints; 
MS  also  Lobe,  J.  pr.  Chem.  Ixxxii.  170 ;  lUp.  Cbim.  pour  1861,  p.  26.^ 

The  siBe-eompound  is  then  decomposed  with  hydrate  of  lead  in  the  manner  de- 
acribed  at  page  96,  and  the  mixture  of  creatine  and  creatinine  thus  obtained,  is 
digestad  in  the  cold  with  very  strong  alcohol,  which  dissolves  the  erestiuine  and  leaves 
the  creatine :  great  care  mnut  be  taken  tn  avoid  rise  of  temperature,  otherwisa  soma 
of  the  creatine  will  also  be  ditwolvcd.     (Nenbauer,  Ann.  Ch.  Phann.  cxix.  27.) 

The  quantity  of  crpatiniiie  in  urine  may  he  mj  exactly  estimated  by  precipitation 
with  an  alcoholic  solution  of  chloride  of  sine.  SOO  ec  of  urine  are  treated  with  milk 
of  lima  and  chloride  of  calcium  aa  above ;  the  liquid,  filtered  after  standing  for  two 
hours,  is  evaporated  to  dryness  over  the  water-bath ;  the  residue,  while  still  warm,  is 
digested  for  4  or  6  hours  with  30  or  40  cc  alcohol  of  96°;  the  liquid  is  filtered;  tlie 
rpsidne  washed  with  small  quantities  of  alcohol ;  the  liquid,  evuorated  if  necessary  to 
a  volume  of  40  or  60  cc.,  is  mixed,  after  cooling,  with  0*6  cc.  of  an  alcoholic  (solution 
of  chloride  of  sine  {density  I -2),  then  briskly  agitated,  and  left  to  itself  for  3  or  4  days 
in  a  cellar;  and  the  crystals  thus  obtained  are  washed  on  a  weighed  filter  with  a  Hmall 
quantity  of  alcohol,  then  dried  at  100°  C.  and  weighed.  In  this  manner  the  quantity  of 
creatinme  voided  in  24  hours  in  the  urine  of  a  healthy  man  weighing  64-6  kiL  waa 
found  to  be  1166  grm.,  that  is  to  say,  00214  grm.  per  kilognunma. 

2.  From  Horse-urine, — The  urine,  which  haa  an  alkaline  rsaetaon,  is  neutralisod 
with  hydrochloric  add,  evaporated  to  a  small  bulk,  and  then  mixed  with  an  additional 
quantity  of  hydrochloric  acid;  tha  liquid  separated  from  the  precipitated  hippuric 
acid  is  neutralised  with  milk  of  lime,  and  evaporated  nearly  to  dryness  over  the  water- 
bath;  the  residue  repeatedly  boiled  out  with  alcohol;  and  the  alcoholic  solution 
mixed  with  a  small  quantity  of  chloride  of  sine :  it  then  gradually  deposits  a  brownish- 
yellow  precipitate  of  sincochloride  of  creatinine,  from  which  creatine  and  creatinine 
may  be  obtained  aa  above.     ^ocolofT,  Ann.  Cli.  Pharm.  Ixxviii.  243.) 

i.  From  Cal9t^  imne.  —  The  fresh  urine  evaporated  to  a  small  bulk  over  the 
water>b«th,  and  filtered  while  hot  from  the  amorphous  pr<^pitato  thereby  formed, 
vi^lda,  after  a  few  days,  a  crystalline  mass  consisting  of  allantoin.  together  with  a 
Inq^e  quantity  of  phosphate  of  sodium  lin^ll  ammonium  ;  and  on  washing  this  crystollina 
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Auffi  irith  PoH  WMfer,  and  fwrrystaJliBing  the  restdnei,  vrjtitaiM  of  plir«  allantirin  i 
obtained.  The  motJipr-liquor  fllterod  from  the  allaiitoin  is  mixed  with  alcohol,  whirfc 
throws  down  solphutefl,  miicoos  matter,  the  greutor  part  of  the  phonphatei,  and  a  large 
quantity  of  colouring  matter;  and  the  filtmte,  which  is  atUl  conMlrltrably  coloured,  i» 
frefil  from  the  remiiindcr  of  the  phosphoric  acid  by  meana  of  chloride  of  caldum.  and 
lastly  mixed  with  a  conpcntnited  fM>lution  of  chloride  of  zinc  ;  it  then  yi«>ids  apredpitate 
of  Bincochloride  of  creatine^  which  continues  to  incruaap  for  seT«»ra]  days.     (Socol  off) 

4.  From  Blood. — Aronsidcnible  quantity  of  fresh  oi>blootl  (alwut  Squ&rta)  i»  freed 
from  fibrin  and  blood-corpusolea  by  stirring,  and  from  albumin  by  heat ;  then  filtered 
through  linen,  and  eyaporated  over  the  water-bath  with  addition  of  a  little  powdered 
gypaum,  which  removes  an  aibnminoua  sub8taii.ce  not  eoagulable  by  heat,  as  well  aa 
■ome  additional  blood-corpnadcs,  and  precipitates  the  aapouifiable  fata.  The  liquid  is 
then  «7aponit«d  to  one-fonrth  of  its  bulk,  again  filtered,  and  the  coloorlcua  filtrate 
evaporated  to  dryness  at  a  very  gentle  heat,  whereupon  nearly  all  the  chlorida  of 
»rxliuni  crystalUsea  out.  On  treating  tho  residue  with  small  quantities  of  absolate  al- 
cohol till  nothing  more  ia  dissolved,  and  expelliag  the  greater  part  of  the  alcohol  by 
heat,  the  solution  yields,  on  cooling,  Boadet'fl  ttroUru  {kna,  Uh.  Fhys.  lii.  337),  th« 
quantity  of  which  increases  oo  addition  of  a  small  quantity  of  water.  The  liquid  fil- 
tered from  tho  seroUne  yields,  on  addirloo  of  a  small  qnantity  of  solution  of  chloride  of 
sine,  Bometimes  immediately,  sometimes  after  a  few  hours,  a  partly  ciyBtalllne,  partlj 
amorphous  precipit^ite,  which  is  hut  partially  soluble  in  boiling  water.  The  iusolabi« 
portion  is  resinous,  and  appeara  to  be  a  compound  of  chloride  of  zinc  with  a  peculiar 
organic  subatanee ;  the  soluble  portion  consistaof  the  zincochloride  of  creatinine.  Tb« 
quantity  thus  obtained  is,  however,  but  small.  (Verde il  and  Marcet,  J.  Pharm.  [3] 
XX.  89.) 

5.  From.  Muscular  Flffh. — The  mother-liquor  of  creatine  is  treated  with  alcohol  to 
precipitate  the  inosato  of  potassium  or  barium;  tho  filtrate  evaporated  over  the 
water- bath  ;  the  residue  boiled  out  with  alcohol,  which  takes  up  all  the  creatinine,  to- 
gether with  a  little  creatine,  and  leaver  a  residue  consisting  chiefly  of  chloride  and 
keiate  of  potassium ;  the  filtrate  miitHl  with  chloride  of  rir.c ;  and  the  crystals  of 
■inoochlorido  of  creatinine,  which  form  after  a  while,  decomposed  as  above  with  by- 
drated  oxide  of  lead.     (Liebig.) 

6.  From  Creatine. — a.  Hydrochloric  acid  gas  is  passed  to  saturation  over  creatino 
heated  to  lOO*^  in  a  LiebigV  drying  apparatus,  then  dry  air  as  long  as  water  continues 
to  escape ;  or  tho  solution  of  creatine  in  etjvng  hydrochloric  acid  ia  evaporated  to  dry- 
Bess  in  the  water-bath.  The  hydrochlorat^"  of  creatinine  obtained  by  either  of  these 
methods  is  then  dissolved  in  24  pts.  of  water ;  the  eolation  kept  at  the  boiling  heat  in 
a  basin ;  perfectly  pure  hydrated  oxide-  of  lead  macerated  in  water  added  to  it  by  smoQ 
pi^rtions  till  it  becomes  neutral  or  ulightly  alkaline,  and  then  three  times  as  much  of  tho 
hydrated  oxide  of  lead,  until  the  liquid  becomes  pasty  flrom  formatioa  of  oxychloride 
of  lead.  Tho  liquid  is  then  filtered  and  the  precipitate  well  washed;  the  filtrate 
treated  with  a  small  quantity  of  blood-charcoal  to  remove  any  lead  that  may  still  re- 
main dissolved ;  tlie  liquid  again  filtered,  and  the  filtrate  evaporated  and  cooled  to 
the  cryfrtallteing  point  (Liebig). — -h.  The  solution  of  1  pt.  creatine  in  1  pt.  oil  of 
vitriol  and  3  pta.  water  is  evaporated  till  all  moisture  is  removed ;  the  remaining  sul- 
phate of  creatinine  boiled  with  water  and  very  pure  carbonate  of  barium,  till  it  be- 
comes alkaline;  and  the  solution  filtered  and  kfl  to  crystallise.     (Liebig.) 

Properties.  —  Colourless  prisms  belonging  to  the  monoclinio  system.  Dominant 
fcces  nop  .  oP.coPoo.  Inclination  of  the  faces  oP:  00  Ptw- 69°  24":  oe  P  :  ooPin 
the  plane  of  the  orthodiogonal  and  principal  axis  <-  08°  20'.  Creatinine  in  the  state 
of  concentrated  solution  has  a  cauf^tic  taste,  like  that  of  dilate  ammonia.  It  blues 
reddened  httnus,  and  reddens  turmeric  (Liebig).  Dissolves  in  11 '5  pts.  of  water 
at  16°  C,  and  much  more  abundantly  in  hot  wat-er;  in  102  pta.  of  absolute  alcohol 
at  1 6°,  and  more  abondontly  in  hot  alcohol,  from  which  it  ciyatAlllB«a  on  cooling, 
(Liebig.) 
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Tkcompontiom,  —  I.  Creatinine,  under  certain  cinnrmstances,  takes  up  1  at  nraier, 
I  ts  rt>eonvfrted  into  creatine.     The  dilute  solution  of  hydrwhlorate  or  snlphate  of  cm- 
f  tiiiine  aliphtlif  Rnperaaturated  with  ammouta  and  cvnporatcd,  yields  a  few  ciystals  of 
^creatine  (Hointz).     Creatinine  enclosed  in  a  bottle  with  suf^cient  water  to  diaaolrs 
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it,  yield*  in  the  eonne  of  aix  months  a  few  cryvtaLi  of  enatiDe ;  if  wmmoma  be  added 
to  Che  liquid,  the  quantitj  of  cnatine  produced  is  coosidenbly  great<>r.  The  eamo 
irHiinforrnAtion  tAkes  place  in  preaenoe  of  neutral  aalta,  and  it  Accelentvd  hy  he*t 
(Doasaignea,  J.  Pharm.  [3]  xsxii.  41  j  •ee  also  ZincochloncU  of  Creatinine, 
*ti/rxx\  8,  Creatioine  is  docorapoBed  hj  mgrcurie tueide  in  the  same  manner  as  creatine 
(p.  MX  fielding  mcthjluramine  (DessaigaoB);  also  by  permanganate  of  potaMiom 
(N  pub  a  u  er).  3.  Xitrous  acid  passed  into  the  aqueous  aolutioQ  of  creatinine  cooverta 
it,  with  erolution  of  carbonic  add,  into  the  nitrate  of  a  reiy  weak  baM,  C*H'*N*0' 
(I>e«saigneB,  loe.  cU.;  9co  dbo  page  102) : 

2C'H'N«0  +  0'  -  C«H"N«0»  ^  2C0«  +  2H»0. 

4,  Heated  with  iodide  of  ethyl  and  alcohol  or  ether,  it  yields  iodide  of  ethyl-creatijuna 
and  hjdriodate  of  creatinine. 

SvlpKtxte  of  CrwtmuM.  2C*H'N*0.H»S0«.— An  aqueous  •olution  of  creatintn« 
Baturatod  at  a  boiling  heat  and  mixed  with  dilute  eulphuric  acid  till  it  acquirea  a 
■trong  acid  rractioa,  leainM  on  evaporation  a  white  ma»s,  whose  solation  in  hot  alcohol 
beeomaa  turbid  on  coolings  then  clo&r,  and  depoflita  transparent,  oolourlesa.  qnadiatift 
tables,  which  remain  tmnsparent  at  ]0I>°.    (Lieb  ig,) 

Hj/dnodate  of  Cnatininf,  C'lI'N'O.HI,  w  produced,  together  with  iodide  of  ethyl- 
ereatinine,  in  the  preparution  of  that  compound  (p.  102),  and  remains  in  the  mother- 
liquor  aHcr  the  latter  has  crystallised  out.  It  im  xerf  solable  in  wat^-r  and  in  alcohol, 
and  may  be  obtained,  by  repeated  cryBtoUisation  from  witfr,  in  lai:ge  transparent,  some- 
what yellowish  crystals.  The  aqoeous  solution  mixed  with  acetate  of  sodium  and 
chloride  of  rinc,  yields  a  precipitate  of  ainco-chJoride  of  creatinine.     (Neubauer.) 

HjfdroeUoraU  of  Creatinine.  C*H'N»O.HCL  Preparation  (ii  100,  6).— CiystWUsea 
from  solotion  in  boiling  alcohol  in  transparent  colonrleas  prisms,  and,  by  eraporation 
of  the  aqueous  solution,  in  transparent  lamins  which  redden  htmus.  i5u8olTes  TCiy 
readily  in  water.     (Liebig.) 

Zincockhnde  of  CreaUnine.  2C«HT«»0.ZnCl».  PrfjHiration.—  l.  (p.  100).— 2.  By 
mixing  creatinine  and  chloride  of  sine  in  the  state  of  concentrated  aqueous  solutions. 
Both  prof eases  yield,  with  greater  rapidity  as  the  mixtore  is  more  concentrated,  deli- 
cate needles  united  in  nodtUes,  or  prisms  (Pettenkofer),  belonging  to  the  monodinie 
syst^-m,  with  t4>rratnal  hee»  incUneid  82°  30'  to  the  principal  axis  (K.  Schmidt,  Ann. 
Cb.  Pharm.  IxL  332).  The  crystals  giTe  oiTonly  a  tnice  of  hygroscopie  water  at  120*'  C. 
When  the  creatinine  is  separated  from  this  compound  by  means  of  hydrafed  oxide  of 
lead  or  sulphide  of  ammonium  (p.  99),  more  than  J  of  it  is  found  to  be  converted  into 
ereatine,  and  in  larger  propoHioo,  apparently,  as  the  solution  of  the  sine-compound 
used  was  more  dilute.  If,  therefore,  after  the  er«atine  has  been  separated  from  th« 
resttlting  liquid  bv  eraporation  and  eooling,  with  addition  of  alcohol,  the  mother 
liquor  containing  the  rest  of  the  creatinine  be  repeatedly  precipitated  with  chloride  of 
sine,  and  the  precipitate  decompooed,  dec,  nearly  all  the  creatinine  may  be  eonTerted 
into  creatine  (Heints  and  Deasaignes).  Zinco-chloride  of  creatinine  dissoWes 
sparingly  in  alcohol,  but  is  insoluble  in  strong  alcohol  and  in  ether  (Petten- 
kofer). It  dissolves  in  0217  pts.  alcohol  of  98<>,  and  in  6743  pts.  alcohol  of  87°. 
(Nenbaner.J 

Chloride  oj  rinc  likewise  comlnnes  with  hydrochlorate  of  creatinine^  forming  th* 
compound  2(C*irN"0.HCl).ZnCl',  which  is  obtained  in  large  crystals,  rery  eolublo 
and  strongly  acid  to  the  taste,  by  dissolring  the  zinco-chloride  of  creatinine  in  hydro- 
chloric acid,  and  evaporatiog  to  a  syrup  (Dessaignes,  J.  Pharm.  [3]  xxxii.  43). 
The  solution  mixed  with  acetate  of  sodium,  yields  a  precipitate  of  cinco-chloride  of 
creatinine.     (Neubauer,  Ann.  Ch.  Pharm.  xx.  267.) 

Creatinine  also  forms  with  chloride  of  cadmium,  a  crystallised  compound  20*11^*0. 
OdCl*.  more  soluble  in  water  than  the  sine-compound,  and  sometimes  appearing  to 
eiystnlliso  with  1  at.  water.     (Meabaner.) 

With  eupric  iialte,  creatinine  forms  cxystalUsable  double  salts  of  a  fine  blue  colour. 
(Liebig.) 

When  mixed  in  aqneoua  solution  with  corronct  sMimaie,  it  immedintely  forms  a 
white  curdy  precipitate,  which  changes  in  a  few  minutes  to  a  mass  of  delicate  colour- 
less nec<]lMi  (Liubi(!).  With  tnerenrte  nitrate^  it  forms  a  ciystalline  componnd, 
2C'H'N*0-Hg"N'0MIg"O,  which,  when  decomposed  by  sulphydric  acid,  yields  fine 
crystnls  of  nitrate  of  creatlnino.    (Neubauer.) 

With  fonoentrated  solution  of  niirais  qf  gilver,  it  coagulates  immediately  into  a 
Asss  of  delicate  white  needles,  which  dissolve  re^ily  in  hot  water,  and  crystallise 
oat  again  uncbinged  on  cooling  (Liebig).  According  to  Neubauer,  they  contain 
2(C^n'N'O.A^^N0').Ag»0. 

The  clear  mixture  of  dilute  hydrochlorate  of  eroatinioe  taidUiraeUoride  qf  platinutit 
(or  of  hydrochloric  acid,  creatine^  and  tetia4:hlohdi>  of  platinum),  yields,  by  slow  erapo- 
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nition,  transparent,  aorora-rpd  prismn,  and  ^y  quicker  PTiiporfltinn,  gnnulpe  which  A» 
milve  readily  in  wtit^r.  lem  qiiickl;  in  klcohol^  and  contain  30*63  per  cent.  pUtiomu, 
whence  they  probably  consist  of  2(C*H*N»0.HCiyPtCiV     (Liebi  jr.) 

BtbTl-ereattalae.  C«H"N»0  =  C«H«(CH*)N*0  (Ni?ubjitier.  Ann.  Ch.  PJmrm. 
XIX.  61  ;  XI.  257),— The  iodide  of  this  baw,  C*H*^'OI,  is  prfKjiipeid  by  enclosing  m 
grms.  of  creatinine  with  rather  more  than  an  equivalent  quantity  of  iodide  of  ♦■f  hyl 
and  about  40  per  cent,  of  absoluto  alcohol,  in  a  sealed  tube  and  heating  the  mixture 
to  100^  C.  for  serfral  hour*.  A  cryat«lline  pulp  in  thus  obtained,  which,  when  prorifled 
by  severnl  retTyBtallisations  fixtm  absolute  alcohol,  yields  the  iodide  in  long  ahinJDg 
needles,  very  jwluble  both  in  water  and  in  aUxihoL 

By  treating  the  iodi<le  with  oxide  of  silver,  carefully  avoiding  an  exeesa,  and  era- 
porating  the  filtrate  in  vacuo,  a  mdio-cryRtaUine  niasa  ia  obtained,  conaiating  of  the 

hydrate  of  ethyl-creatinine  ^  w  t  ^  "*■  1*9'  ^^T  aoluble  in  water  and  alcohol, 

insolable  in  ether.  From  solution  in  warm  absolute  alcohol  it  cryalallisea  on  cooling, 
in  fine  needles,  grouped  in  nodoles.  It  is  not  deliquescent.  The  aqoeom  aolntioti  tt 
•trongly  alkaline,  lixiH  a  bitter  taats,  precipitates  ferric  chloride  and  salta  of  AltiniiiiiaB, 
and  expela  ammonia  from  lis  aolta  when  heated  with  thorn. 

The  chloride  C*H'-N*0€1  is  ubl»ined  by  slighEly  anperBatarating  the  aqueous  solatioa 
of  the  baae  with  hycirochloric.  acid,  and  evaporating,  as  a  crystalline  mass  composed  of 
intorlacod  needles,  very  aoluble  in  water  and  alcohol,  insoluble  in  ether.  The  ttoltttioo, 
mixed  with  tetrachloride  of  platinum,  yielda  the  ekloroplatinate,  aC«H"T«»OCl.PtCl*, 
in  fine  prisma. 

Hydrate  of  ethyl-creatinine,  heated  in  a  sealed  tube  with  iodide  of  ethyl,  does  not 
yield  a  compound  containing  another  atom  of  ethyl,  but  merely  iodide  of  ethyl-crrati- 
nine  and  alcohol : 

C«H'^«O.H,0  +  CH*I  =  eB"N«O.I  +  CH'.RO. 

Hence  ethyl-creatinino  may  be  reirarded  as  an  ammouioin-base,  and  creatinioe  itaell 
as  a  tertiary  amine,  N.(C^U-N*0)'". 

Ba8e$  produced  from  Creatine  and  Creatinine  by  tha  action  of  Nitrous  Acid, 

a,  C^"N»0».     (Dessaignea,  Coropt  rend.  xlL  1268;  Ann.  Ch.  Pharro.  xcviL 

139.) — When  nitrous  acid  gas  is  passed  into  an  aqueous  solution  of  creatinine.  c«r- 

f  bouic  acid  escapes,  the  liquid  becomes  brown  and  turbid,  and  after  a  few  hours  the 

'  nitrate  of  the  base,  C*n'*N'0*,  separates  in  small  yellowish  indistinct  oystals,  which 

become  thick  if  left  for  some  time  under  the  liquid.     The  reaction  is  : 

2C*H^N»0  +  O'  -  CH«N»0»  +  2C0»  +  2H'0. 

This  compound,  which  appears  to  be  likewise  formed  in  smaD  quantity  by  the  action 
of  nitrons  acid  on  creatine,  in  a  very  wcai  base,  its  salts  being  partially  decomposed 

j  even  by  solution  in  water.  Ammonia  added  to  the  solutiona  throws  down  the  baM>  aa 
i  white,  amorphous,  tastele.ia  powder,  insoluble  in  water,  but  soluble  in  dilute  acids  at 
i  gentle  heat.     Storae  of  the  salts  crystftllise  from  their  solutions  on  cooh'ne.     The 

1  \i/droch/oratf,  2C«H'«N*0'.3HC1  +  6H'0,  forms  long  deeply  striated  prisms  ;  the  cAAw 

I  roolatinatf,  which  is  moderately  soluble  in  water,  forma  Laive  cryBtala,  fsonsiating  of 

I  4C'H'*N*0\6HC1.3PtCl'  +  12H«0. 

IS.  C'H*N'0*.    (Dessaignes,  loe,  nX)  —  Produced,  together  with  oxalic  acid  and 
chloride  of  ammonium,  by  heating  the  base  a  with  hydrochloric  acid  : 
C«H»N*0«  +  4n=0  «  C«H*N'0«  +  4NH*  +  C*H*0*. 

Crystallises  in  long  shining  prisms  or  laminie ;  dissolves  slowly  in  cold  water,  easily  in 
hot  water,  slightly  in  ether;  has  an  unpleasant,  almost  metHlnc  taiite ;  melts  and  vola- 
tiliscs  without  decomposition,  and  biuTia  with  flame  without  leaving  any  residue.  It  baa 
8  slight  acid  reaction ;  docs  not  precipit4ite  the  salts  r^f  caFcinm,  barium,  lead,  «>pp»T.  or 
zinc,  or  chloride  of  mercury,  or  nitrate  of  silver  in  dilute  sniution.  De««aignes  regarda 
this  body  as  identical  with  that  wliich  Liebig  observed  to  be  produced,  together  with 
aarcoeine,  by  the  action  of  baryta  on  creatine  at  the  boiling  heat  (p.  97).  Rtadeler 
(Ann.  Ch.  Fharm.  cxviii.  161)  poLnt»  out  that  it  han  the  composition  of  methyl-paim- 

banic  acid.  G^^(CH')N•-0•  =  N*(CO)"(C»OT.CH».H. 

7.  C'H*N,  (Dpssaignes,  Compt  rend,  xxxviii.  839.) — When  nitrous  add  is 
passed  into  a  Knlntion  of  creatine  in  nitric  acid,  a  laige  quantity  of  gaa  is  eTolred.  and 
on  neutrulisinp  with  potash,  separating  the  greater  part  of  the  nitrate  of  potaMinra 
by  crystallisation,  and  adding  nitrate  of  silver,  crystals  are  obtained,  consisting  of 
C'H'N.AgNO*.  They  diaaolve  in  hot  water,  and  aiter  seTeral  crystaHiaations  assume 
the  form  of  long  white  needles.    When  dooompoeed  by  excess  of  hydrochloric  add, 
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fliej  jieid  the  oitnte,  CH^N.HNO*,  in  the  form  of  a  fibrona  mass  of  small  priams 
baring  a  ViT)'  nour  taat«.     The  ehloroaurcurate  crystallises  in  long  prianu. 

CRBDVESZra.  CtipriftTOua  ManffttTUJe.  3CuO/2Mu*0'.  -  A  iiiiti<<ra]  found 
near  Fredcrichsrode  in  th«  Touringer  Wald,  together  with  psiJomelanc  and  hausman- 
Bite  It  occuTB  in  cryetallo-laminar  aggregationa,  clearing  with  moderate  diatinctnvoa 
in  two  dirvclions  parallel  to  the  sLd«a  of  a  moaodinic  priam,  very  diBtinctly  panlld  to 
tbebaao.  Fracture  aoerca.  Colour  iron-bUdc  Streak  black.  Loatie  ritreoaa,  atroagfst 
on  the  perfect  cleavage-bee.  Opaqae.  Speeifle  gM^itj  —  4'9  to  6*L  Hardnen  • 
4-0 — 4-5.  Thin  laminiE  melt,  at  the  edg«fl  only,  when  strongly  heated  before  the 
blowpipe.  With  bor&x  it  forma  a  dark  violet  glasa ;  with  phosphoma-aalt  a  green 
glaaa,  becoming  blue  on  cooling,  and  copper-red  in  the  Inner  flame,  ll^'drochloric  acid 
aiaaolrea  it,  iriiti  evolution  of  chlorine,  forming  a  green  solution. 

Analyaea  a,  b,  e,  by  Rammelaberg  (Pogg,  Ann.  Ixxxiv.  659);  d  by  Crednet 
{ibid,  Izxiv.  M&). 
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The  formula  8Cu0.2Mn*0»  requirea  42-9  per  cenL  CuO,  and  671  MnO;  tha 
minefai  often  contAtss  asoeaa  of  oxide  of  mAOganeM. 

casWXO  and  AyocSSVZC  ACZ08.  (BerzoHua,  Pogg.  Ann.  xiii.  84; 
Mulder,  Ann.  Ch.  rhurm  xxxvi.  243). —  Or>,'aijic  adds  eiiating,  according  to  Ber- 
loIiuB,  in  vegetable  mould  and  in  the  ochrcous  deposits  of  ferruginooa  waten.  (The 
word  ortnie  ia  derived  firom  np^Kir,  a  spring.)  They  were  firat  obtained  from  the 
mineral  water  of  Poria  in  Sweden.  According  to  Berxelios,  the  yellow  deposit  which 
forms  in  ferruginous  waters  coatains  theae  adds  in  the  form  of  basic  ulta.  Th^y 
•re  extracted  by  boiling  the  depoait  with  potash,  iUtering,  supersatoratiag  the  liquid 
with  acetic  acid,  and  adding  a  aoiuUon  of  achate  of  copper,  as  long  as  a  dark  brown 
precipitate  continue*  to  form.  This  precipitate  contains  the  apocrenic  acid.  The 
tiquia  is  Altered,  aatozated,  or  slightly  supersaturated  with  carbonate  of  ammonium. 
Mid  aeatata  of  copper  again  added  as  long  as  a  greeniih-white  precipitate  is  prodaced* 
The  pndpitatioQ  IS  completed  by  heating  the  mixture  which  contains  the  crenia 
acid  to  80**  €. ;  the  crcuic  add  is  more  abundant  than  the  apocrenic.  Both  pn-dpi- 
tate*  are  decompooed  by  suspending  them  in  water,  and  passing  a  strcank  of  sulphu- 
retted hydrogen  through  tlie  liquid. 

The  crenic  acid  is  isolattnl  l.y  evaporating  the  filtered  liquid  in  vacuo.  The  product 
thos  obtained  still  retains  a  certala  quantity  of  earthy  crenates.  from  which  it  may  b« 
separated  by  means  of  absolute  alcohol,  which  dissolves  the  acid  and  leaves  the  salts, 
and  evaporating  the  alcohol  in  vacuo.  As  thus  obtained,  it  is  pale  yellow,  nncrystal- 
lisable,  traaspamt,  bard,  and  fissured ;  its  t4ute  is  add  at  first,  afterwards  astringent 
With  tha  alkalis  it  ferma  neiitral  and  add  salts,  which  are  unaystallisable,  sohible  in 
water,  insoluble  in  alcohol,  and  ttvi<'rable  vegetable  extracts  in  appearance.  They  are 
yellow,  and  turn  brown  in  the  air  from  formation  of  aprocenic  add. 

Apoerenie  acid  is  brown,  sparin^y  soluble  in  watar,  more  soluble  in  absolute 
alcohol,  and  has  a  very  astringent  tast«.  The  i^tocrenatcs  of  the  alkalis  resemble  ths 
ctenates,  excepting  that  they  arc  black. 

Both  acids  dispuee  acetic  acid  by  eraporation.  Apocrenic  acid  dissolves  immedi- 
ately in  alkaline  acetates.  The  ferrooi  aalta  of  both  adds  are  soluble  in  water,  but 
thoir  ferric  salts  are  insoluble. 

According  to  Bcrzelius,  both  crenic  and  aprocrvnic  acid  contain  nitroeea  and  giva 
off  ammonia  bv  diy  distillation.  Mulder  supposes  that  the  nitrogen  found  in  them  is  in 
the  form  of  an  ammooiom-salt,  and  may  be  completdy  removed  bj  aci-tif  acid.  Mulder 
reptesests  crenic  add  by  the  formula  C'^H'^O*,  and  apocrenic  arid  by  C"H"0";  but 
these  acids  have  not  yet  been  obtained  in  a  sufiSdently  definite  state  to  enable  its  to  fix 
their  fbrmulie. 

CXIS080&.    The  prindpal  constituent  of  wood-creosote  (p.  106). 

casosOTS.  (Reichenbach  [1832],  Schw.  J.  Ixvi.  301,  345;  Ixvii.  1,  67; 
Ixviii.  362.  Ettling,  Ann.  Ch.  Pharm.  vi.  209.  Laurent,  Compt,  rend.  xi.  124  ; 
xix.  674.  Deville,  Ann.  Ch.  Phvs.  [3]  xiL  228.  OorapKBeBanes,  Ann.  Ch, 
Pharm.  btxviii.  231 ;  Ixxxvi.  2-23.  Volckel,  ibid,  IxDvi.  93:  botxvii.  306.  flla- 
siweta,  ihid.  cvi.  339.  On  tht  Preparation  of  CreosoU :  E.  Simon.  Pogg.  Ann. 
xxrii.  129.  Hiibschmann,  Ann,  Ch,  Pharm.  xi.  40.  Kbne,  ibid,  xri.  63. 
Kriiger,  Buchner's  Rep<^rt.  Pharm.  xlriii.  27il.  Bnchner,  lAuf,  xlix.  84.  Coesi, 
iiid.  It.  693.) — The  suUtonce  known  in  coDimerce  by  the  name  of  crtotvte  is  oHeB 
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merely  hydrate  of  phenyl  more  or  lew  im^are ;  bat  the  true  creosote  extncted  hjf 
ReichenVmch  from  wood-tar  is  a  perfectly  dutinct  body,  and  does  not  ezhilnt  all  tlM 
eharacteni  of  hydrate  of  phenyl  It  is  to  the  tnie  oeoeote  that  wood-Tineguv  tar-wxtez^ 
floot,  and  wood-smoke  owe  their  power  of  arresting  the  putrefiwstlon  of  meat  and  other 
animal  substances.   The  name  ereo$ote  is  derived  from  «pM*,  flesh,  and  v^^tr,  to  save. 

Preparation, — ^When  wood-tar  is  distilled  till  the  residoe  acqoires  the  oonsistenoe  of 
a  pitcny  mass,  the  liqaid  collected  in  the  receiver  is  formed  of  several  distinct  layers, 
the  lowest  of  which  contains  the  creosote.  On  saturating  it  with  carbonate  of  sodiom 
and  leaving  it  at  rest,  a  yellowish  oil  rises  to  the  snrfaoe.  This  oil  is  decanted,  and 
rectified  in  a  glass  retort,  the  lighter  portion  of  the  distillate  being  rtgeeted  and  the 
heavier  portion  collected  and  ignited  with  potash-solution  of  specific  gravity  1*12. 
The  creosote  then  dissolves  in  the  alkaline  lionid,  whUe  the  hvdrocarbons  with  whidi 
it  is  mixed  remain  undissolved.  The  alkaline  solution  is  decanted  and  bailed  tat 
some  time  in  contact  with  the  air,  to  zesinise  a  foreign  substance  dissolved  in  the 
potash,  after  which  the  liquid  is  filtered  and  the  creosote  set  free  by  addition  ot  snl- 
phurio  acid.  The  creosote  thus  obtained  is  not  yet  pure;  it  requires  to  be  again 
distilled  several  times  with  alkaline  water,  then  dissolved  in  potash,  to  fiee  the 
creosote  from  insoluble  hydrocarbons,  and  separated  from  the  alkaline  solution  hr 
sulphuric  add.  These  operations  must  be  repeated  till  the  creosote  dissolves  in  jpotash 
without  residue,  after  which  the  creosote  is  to  be  finally  distilled  at  200''  C,  and  dried 
over  chloride  of  cakium. 

iVoprftM.— Creosote  is  a  colourless,  oily,  strongly  refracting  limpid,  having  «  dis- 
agreeable penetrating  odour  like  that  of  smoked  meat,  and  a  burning  taste.  Specific 
gravity  1-037  at  20OC.  (Reichenbach),  1-040  at  11-6°  (Gorup-Besanex),  1-076 
at  16-6<>  (Volckel).  It  does  not  soUdify  at  -27°  C.  Boils  at  203O(Beichenbach); 
between  203-6°  and  208°  (Gorup-Besanex),  and  disdlsin great ^art  without  altera- 
tion. When  pure  it  does  not  become  coloured  by  expoexae  to  the  air.  It  bnms  with  a 
smoky  fiame.    Does  not  conduct  electricity. 

Creosote  is  sparingly  soluble  in  water,  but  mixes  in  all  proportions  with  alcohd, 
ether,  bisulphide  of  carbon,  naphtlia,  and  acetic  ether.  It  dissolves  sulphur,  phos- 
phorus, selenium,  oxalic,  citric,  tturtaric,  benzoic  and  stearic  acids,  resins^  and  several 
colouring  matters.  With  the  aid  of  heat  it  dissolves  several  metallic  salts,  e.  g.  the 
ehlorides  of  calcium  and  tin,  the  acetates  of  potassium,  sodium,  ammonium,  dnc,  &e^ 
and  deposits  them  in  the  crystalline  state  on  cooling. 

It  imparts  a  blue  colour  to  ferric  salts,  and  reduces  nitrate  of  stfeer,  and  the  salts 
of  mgrcury,  gold^  and  platinum.  When  dropped  on  reoenUv  prepared  oxide  of  silver 
it  produces  a  lund  of  explosion,  the  silver  being  partly  reduced,  and  oxalate  of  silver 
formed,  together  with  several  resinous  compounds. 

The  com[K>sition  of  creosote  is  not  yet  definitely  fixed.  The  following  are  the 
analyses  which  have  been  made  of  it: 
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Gorup-Beeanea  deduces  from  his  analyses  the  formula  C"H"0'  (ealc  76*47  C; 
7-84  H).  Volckel  gives  the  formula  C»»H»«0»  (7272  C ;  707  H) ;  neither  of  these 
formulte  agrees  well  with  the  analysts.  According  to  Hlasiwetz,  creoeote  is  a  com- 
pound ether  derived  from  an  acid,  C*H**0',  whidi,  when  treated  with  bases,  forms 
■alts  having  the  composition  C*H*MO*,  and  yielding  the  add  itself  when  distilled  with 
dilute  sulphuric  add  (see  p.  106). 

Drampontions. — Creoeote  is  decomposed  by  chlorine^  with  evolution  of  hydrocUorie 
acid  and  formation  of  a  chlorinated  compound,  which  is  decomposed  by  distillation. 
Bromine  is  absorbed  in  large  quantity  by  creoeote,  yielding,  according  to  DeviUe,  a 
crystalline  add,  having  the  composition  of  creoeote  in  which  half  the  hydrogen  is 
xmUced  by  bromine.    Iodine  dismlves  in  creosote,  forming  a  brown  liquid. 

When  creosote  is  acted  i^K>n  at  a  ^ntle  heat  by  a  mixture  of  iydrocUorie  add  and 
MtrmU  iiffoiamum,  the  action  being  continued  for  sernal  days,  and  anested  ai 
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MOB  M  sn  abundant  erolutioa  of  cblorinc  Ukcs  place*,  a  oTRtAHine  mim  u  obtained 
tn-Dj  which  cold  alcobol  ^xtracN  a  rabatanoe  eryataUiaing  in  large  rhomboTdal  tables^ 
leaving  Krioth>.-r  compound  in  tli«  form  of  yeUow  scale!.    (Gorap-  Besaoez). 

Tba  rhooibo'idal  tables  give  by  analysu  39*8  per  cent  C,  and  1-9  H,  ▼hich  Oorap 
rapfMeots  br  tho  formula  C'*U'CIH3*  deaignating  the  componnd  as  penittchletro^lin. 
Oorhardt.  howvTer  {Traiti,  iil  24).  prefers  the  formnla  C»H»C1»6»  (ealc.  40  per 
cent  carbon,  and  2  bjrdrogrn) :  accorxling  to  which  it  is  horaoloffous  irith  trichloroqai- 
Bone.  The  yellov  aoilea  gire  b;  analjsia  (mean)  367  C,  16  H,  and  SO  6  CI.  which 
GoRip repreAcntn  by  the  formola  C'*H*C1*C)'  {hfjeachioroxi/fin),  while  Gerhanit  (riroa 
the  formnla  C*H*CI*0*,  homologooa  with  tetrachloroqninone.  When  thu  yellow 
acalea  ara  aoapeoded  in  water  and  sulpharous  add  gaa  pasaed  tliroucb  tho  lit}aid, 
tb«  aealea  an  ooDTOtod  into  browni9b>whit«  four-aided  prinno,  which  disaolve  in 
•  miztnre  of  alcohol  and  ether,  yielding  a  yellow  aolntion,  -which,  by  spontancooa 
«Tapor»tion,  deposits  long  Tiolet  needle*  and  reddiah  prisms,  the  latter  containing 
aboat  the  aame  quantity  of  carbon  a«  the  yellow  acalea,  but  mora  hydrogen  (2  23  to 
2-39  per  cent).  Hence  these  prodncta  woiud  appear  to  bo  related  to  tho  yellow  scales 
in  the  aame  manner  as  the  chlorinated  hydroqmnonra  are  to  the  chlorinated  quinonea. 
All  these  oomponnda  require  further  inTestigiition,  bat  their  formation  is  nufTlHont  to 
show  that  ereOBote  from  wood-tar  is  a  Teiy  different  thing  from  hydrate  of  phenyl,  the 
ao-ealled  coai-ter  creototr. 

Creoeote  partakes  of  the  nature  of  an  acid ;  it  dissolves  in  caustic  allults,  and  ia 
doeomposed  by  potassium,  with  elimination  of  hydrogen.  Two  potaflsinru-«alts  huvo 
been  formed,  also  aodiom,  ammonium,  barium,  lead,  ethyl,  and  benaoyl-eaJta. 

Piotauitm  •attt.—u.  Neutral,  C*H*K0*.2H*0.  Obtained  by  heating  creosote  with 
solid  hydrate  of  potussiom  to  about  130^0.  io  an  atmoepbere  of  hydrogen,  and  cryN- 
tallisiug  tho  product  from  ether.  It  is  then  obtained  in  thin  soft  prisms  or  scales,  of 
daxdiiig  whitcniyw  and  satiny  lustre.  It  dissolves  readily  also  in  water  and  alcohol, 
cryiitaliising  from  the  aqueous  solution  io  soil  interlaced  needles.  When  thoroughly 
freed  from  mother-liqnor  by  pressure  and  dried,  it  may  be  preserved  without  alteration ; 
otherwiae  it  quickly  tunis  bluish-green,  and  oltimately  brown  on  exposure  to  the  aic 
The  same  is  the  case  with  all  the  crcoaote-aalta :  Lenoe  the  neceasity  of  excluding  tho 
air  during  their  preparation. — tf.  Acidtalt,  C*H'K0'.CH"O'.  Obtained  by  treating 
creosote  with  potassium  in  an  atmosphere  of  hydrogen,  and  crystallising  fi^m  ether. 
Resembles  the  neutral  salt  in  a^)pearance  and  in  most  of  its  properties,  but  is  decom- 
posed by  water.     (Hlaaiweti.) 

&K^«Km-sa/ts.— Creosote  behaves  with  sodium  and  brdrate  of  sodium  much  in  the 
samo  manner  as  with  potassium  and  its  hydrate ;  but  the  sodium-salts  have  not  yot 
been  obtained  in  definite  form.     (Hlnsiwets.) 

Stfiim-»alt,  CH^Ba^O^  +  3HH).— Prepared  like  the  neutral  potossium-tMlt. 
Forms  dazaling  white  scales,  having  a  satiny  lustn,  quite  inodorous,  and  permanent 
vben  pore.    Oivea  off  its  water  at  100"  C.     (Hlasiwete.) 

LMd-mU,  2C'*H'»Pb"'OVPbO  ^  2H»0.— The  neutml  potassium-salt  mixed  with 
acetate  of  lead  yields  a  bulky  white  precipitate,  which,  when  dried  in  vacuo,  exhibits 
this  composition.     (Hlasiwets.) 

EtAyl-wmpotmd,  CH^C^MO'.— Obtained  by  heating  tho  neutral  potasmnm-sdt 
with  iodide  of  ethyl  in  a  sealed  tube,  diatiEing,  removing  the  last  trncen  of  iodine  by 
agitation  with  silver,  and  rectifying.  Oily  liquid,  having  a  slight  yellowish  tinge  and 
fiiint  aromatic  odour.      

A  bmtoyl-cmHjKnmd.  OTP(<rHM3)0',  appears  to  be  formed  by  treating  the  neutral 
potassium-salt  with  chloride  of  benxoyL     (H  lasi  we  t z. ) 

Oreosol.  C"H'K>*.  — By  decomposing  the  neutral  potassium-salt  of  cawsote  with 
dilute  sulphuric  acid,  washing  with  water,  rectifying,  and  collecting  the  portion  which 
distils  over  at  219°  C.  (which  is  by  far  the  larger  portion,  Bmall  quantities  only  dis- 
tilling at  lower  and  at  higher  temperatures),  a  colourlt««  oil  ia  obtained,  afjrr^'iap  in 
composition  with  the  fonnula  C^H^C  (69-6  C,  and  72  H ).  It  ix  of  the  consistence  of 
cteoeote,  refracts  light  strongly,  has  an  aromatic  odour  like  that  of  vanilla,  and  burning 
taste;  anhydrous;  but  Little  altered  by  keeping.  Specific  gravity  1-0894  ut  13°  (J. 
Vapoui^density  4*98  (by  calculation  to  2  vols.  4-79).  It  is  not  more  soluble  in  water 
than  creosote ;  mixes  in  all  proportions  with  alcohol,  ether,  gtadal  acetic  acid,  and 
alkaline  leys.  In  a  freezing  mixture,  it  becomes  viscid,  but  not  solid.  It  reduces 
nitrate  of  silver,  producing  a  specular  deposit  of  the  metuL  Does  not  unite  with  the 
acid  sulphites  of  the  alludi-metals,  but  forms  with  ammonia,  either  in  the  state 
of  gsM  or  in  strong  aqueous  solation,  a  crystalline  salt,  sparingly  soluble  in  water, 
and  huring  the  composition  C»H*(NH«)0*.L'H'»0»,  analogooa  to  the  acid  potassium- 
salt  above  described.  With  potash  and  baryta  it  behaves  like  creosote,  yielding  tho 
salts  CH'KO'and  C'*H'*Ba"0^  the  preparation  of  which  is  moreover  much  easier  with 
this  oil  than  with  creottote.    Bromine  note  violently  on  it«  fanning  a  cryst&lUne  com- 
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poand,  eoiit«imng  CH'^BrK)*.  The  same  componod  is  formed  by  the  BCtion  of 
bromme  on  cmde  creosote ;  it  doea  not  however  Bolidify  at  once,  but  form*  a  crystAl- 
line  pulp,  from  which  the  pure  wmfKiund  may  be  obtained  by  disaolTing  the  pulp  Ja 
a  smiill  quantity  of  acetic  acid,  leaving  the  solution  over  night,  and  preetnng  the 
deposited  cryvtaLi  to  free  them  from  mother-liquor.  It  in  formed  by  the  repbtcement 
of  6  at  hydrogen  by  bromine  in  a  double  molecule  of  creovol. 

TrkhloroerDotol^  C*WCI*0\  ia  fonued  by  introducing  creoaoi  into  a  laj«e  flaak  filled 
with  chlorine.  The  whole  soUdiflea  in  about  24  hours,  and  the  ptoduet  may  be 
purifi ed  by  crystalliaation  from  acetic  acid.     (lUasiwett) 

It  apiwars  then  that  creosote  consists  mainly  of  an  oil  capable  of  forming  salts  with 
bases,  and  having  the  oompoaition  CH'^Q'.  This  oil  (creoiol)  ia  likewise  contained 
in  the  product  of  the  destructive  distillation  of  guajac  reein— thia  product  eowdgfio^ 
according  toHlaaiwetE,  otauajacol,  CTI*0',  and  thf>  homologous compoand,  orto»oU- 
ffuajaeol  or  crmtol,  CH"0*  Creosote  itaelf  ia  probably  a  componnd  of  the  form 
(?H»(R)0'  or  C'*H'*(R)0\  in  which  R  denotes  a  radide  free  fixim  oxygen.  (Hlaai- 
vet  2,  loc.  cit.) 

CSBBOTXG  ACII>.  G"H^~^^^*|o.  (Eolbe  and  Lantern ann.  Ann.  Ch. 

Pharm.  crv.  203,)— An  acid  isomeric  with  carbocmr|rlic  add,  produced  by  the  action 
of  *odJUQi  and  C4irl>onie  anhydride  oo  cresylie  alcohol  ((TH'O  +  CO"  »  C*H*0*).  The 
resulting  niiitnro  of  carbocreeylate  and  cwaotate  of  Bodium  is  treatwi  with  hydro- 
chloric acid,  whereby  the  c&rbocresylic  add  ia  resolved  into  carbonic  anhydride  and 
cresylic  alcohol,  while  the  cresotic  acid  remains  undecompoeed,  and  umj  be  washed 
out  hy  means  of  a  strong  solution  of  carbonate  of  ammonia,  the  liquid  on  eTaporation 
yielding  thp  pure  add  in  fine  large  priams.  The  add  diaaolTWi  sparingly  in  wat**, 
easily  in  alcohol  and  ether.  It  melta  at  163°  0.  and  solidifies  at  144'^.  By  mixing  it 
with  salicylic  acid  (which  melts  at  169°),  a  mixture  of  lower  melting  point  ia  obtained: 
a  mixture  of  I  nt.  creaotic  acid  and  4  pta.  salicylic  acid  was  found  to  melt  at  139°. 

Cresotic  ocia  producea  a  deep  violet  colour  with  aesquichloride  of  iron.  When 
heated  with  camtic  haryta,  it  is  resolved  into  carbonic  anhydride  and  cresylic  alcohol 

cassoXACBTIC  ACZSt  C*H"*0*?— An  add  prodaced  by  the  acUon  of  mono- 
chloracetic  acid  on  cresyhite  of  sodium.  Its  copper  aalt,  C*H*CuO'  +  aq.,  ia  green,  and 
aparingly  soluble,     (Heintz,  Berl.  Akad.  Bar.  1860,  p.  464.) 

CSBS8,  on  or.  Tho  herb  of  Lepidium  ruderaU  and  the  inodorous  seed  of 
T^pidium  rudtrah,  L. saiitnirri,  and  L.camp€atrt,  bruised  andnmcenited  in  water,  yield 
by  distinction  a  milky  water,  from  which,  by  repeated  fractional  rectificatioD  in  gldM 
vpssclsn  (copper  would  exert  a  decomposing  action),  a  yellow  oil  VXiij  be  obtained.  Thii 
oil,  after  further  rt'ctilleation,  is  colourless,  but  turns  yellow  again  on  exposure  to 
light.  It  is  heavier  than  water,  neutral,  exhibita  the  refreshing  but  somewhat  alliaceous 
odour  and  biting  (astc  of  watfir-cresst^e,  and,  when  its  vapour  is  inhided  in  rather  large 
quantity,  produces  dryness  in  the  throat  and  headache.  It  cannot  be  distilled  onde- 
compoBcd  without  water.  By  oxidation  with  nitric  acid,  it  yields  sulphuric  add. 
With  mercuroua  nitrate  it  forma  a  black  precipitate  of  sulpbido  of  mercury;  with 
corrosive  enblimate  a  white  precipitate;  with  nitrate  of  silver,  sometimes  white, 
sometimes  black ;  with  dichtonde  of  platinum  in  alcoholic  sclation,  an  orange-yellow 

frecipitate  after  a  while.  Aqueous  potash  and  ammonia  have  no  action  on  tlus  oiL 
t  dissolves  with  nti  colour  in  oil  of  vitriol,  and  may  be  separated  again  by  water. 
It  dissolves  slowly  in  water,  readily  in  aJuohoi  and  ether.  (Pleas,  Ann.  Ch.  Pharm. 
Iviii.  36.) 

The  frfsh  leaves  of  Lepidium  latifoHum  yield  by  distillation  with  water,  a  neutral 
oil  heavier  than  water,  together  with  a  milky,  strong-smelling  and  sharp-tasting 
water,  wliieh  loses  its  sharpness  by  ex^Msuro  to  the  air,  and  likewise  in  a  few  hours 
aft«r  being  mixed  with  cnlorine  (whereupon  it  prcd^italea  chloride  of  barium);  it 
gradually  forms  a  black  precipitate  with  nitrate  of  silver;  blackens  metallic  tulver 
after  a  while  ;  imd  is  deprived  of  ite  taate  and  odour  by  charcoal  powder.  (Sten  del. 
Die*,  d«  acrtdme  nonnull.  vtgftah.  Tiibingen,  1803.) 

CSWillbXO  A&COKOL.     Hydrate  nf  CrrsyL  C^H*0  =  C'H'.H.O.  -Thia  alcohol. 

homfjIogOKs  willi  hydnit«>  of  phenyl,  was  discovered  in  1854  by  Williamson  and 
Fairiie  (Cbem.  Soc.  Qo.  J.  vii.  232),  and  further  investigated  by  Dncloe  (Ann.  Ch. 
Pharm.  cix.  135).  It  ocoiira  in  variahle  quantity  in  the  so-called  coal-far  crent<ote.  and 
is  obtained  by  subjet'ting  (he  portion  of  th«t  liquid  which  boils  between  20(1°  and  220*^  C 
to  fractional  disiillation  (Fa  i  rl  i  e).  It  likevrisc  exista,  together  with  hydrate  of  phenyl 
and  other  compounds,  in  the  tar  of  fir-wood,  and  is  obtained  therefrom  by  treating  the 
oil  which  passes  over  in  fractional  disHllatJon  twtween  160°  and  220°,  with  weak  aoda- 
ley,  to  separate  bydrooftrbons,  snporsiUurating  the  alkaline  liquid  with  sulphuric  acid,  and 
repeating  tho  treatment  with  uoda-ley  and  sulphuric  acid,  till  the  oil  becomes  perfectly 
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•olaMa  in  the  aOtHline  liquitL  The  otl  thos  obtained  is  %  mixture  of  pheuylic  and 
iT*w,vli«  aleobola,  whidi  ve  tepweaXed  bj  fractioiuU  dirtiiiatioD,  the  former  boOimr 
At  187«C, 

CrMytic  alcohol  i»  •  oolonrlcM,  itroogty-refncting  liquid,  which  IwUb  at  203°  C.  in 
thr  air  (tb«  aamo  aa  wood-tar  crtoaote,  p.  104),  and  at  200  in  an  atmoflphero  of 
hydrofien.  AnalvKij  ft&v!  774  to  777  per  cent,  cwbon,  and  8-05  to  2-20  hydrogen 
(ftdadation,  778  C,  and  71 1  H).     It  ia  laomeric  with  benxylic  alcohol  (l  578). 

Cmylic  alcohol  ia  alightly  aolubla  in  Vfoter,  and  mizea  in  all  proportions  with 
dteoloi  aad  ttkfr.  According  to  Fairlie,  it  in  qiiit«  insoluble  in  ammonia;  bat  accord- 
ing to  Duclot,  it  diasolrcf  in  ammonia  aa  eaAlv  a«  phenylic  alcohol. 

Creaylie  alcohol  is  decompoaed  by  r«p«atod  diatiUatioii,  a  portion  being  apparently 
ConTert«l  by  the  oxidising  action  of  the  air  into  hydrate  of  phenyl,  OH*0 ;  but  in  an 
stnoaphere  of  hydrogen  it  m»y  bo  diatilled  any  nnmber  of  times  without  alteration. 
Strong  nitric  and  at  ordinary  tcmperatares  attacks  it  with  explosiye  violence ;  but 
vImb  treated  with  welJ-cool<>d  nitric  acid,  it  yields  a  red  solution  coutainingtrinitro- 
creaylic  acid,  CH*(NO*)»0,  homologoua  with  picric  acid.  With  dilate  nitric  ai'id 
it  fonna  only  a  brown  tarry  mass  (Fairlie):  according  to  Docloa,  the  nroduct  ia 
Biononitrocresylic  acid.  With  strong  tutphuhc  acid,  creenrlic  alcohol  becomoa 
roee-cokmred,  and  forms  sulphocreipylic  acid,  C'H*O.SO».  vfith  jteHt4ickiurid«  o/ 
fhotpkonu,  cresylic  alcohol  yields  ehlorideoferesyl,  C'H'Cl  (lulling  at  197^1.  and 
phosphate  of  cresyl,  whjch  latter  ia  conTerted  by  acetate  of  potassium  into  acetate 
ofcresvl,  and  when  distilled  with  rtkylaU  of  petauium,  yiidds  ereaylate  of  ethyl 
CH'-Ck^.O,  and  phosphate  of  potaaaiam.  Mixed  with  an  equal  bulk  of  strong 
pvt^sk'Ujf,  it  fomia,  in  the  coarse  of  21  hours,  a  few  email  CTystals,  apparently  con- 
aisting  of  cresylate  of  potassium,  CH'KO  (Fairlie).  In  contact  with  ckltyride 
of  etueium  or  ch/orid*  of  xinc.  it  appears  to  be  converted  into  phenylic  alcohoL 
(Gladstone,  Chemical  Htuta,  ii.  98.) 

Creaylic  alcohol,  treated  with  potattium  or  sodium,  gives  off  hydroiren  and  forma 
•  brownish  maaa,  which,  on  cooling,  solidiflcs  to  u  Tnasa  of  sk-ndcr  needles  of  cresylat« 
of  potaaaiam  or  eodiuni,  difficult  to  purify  by  cryHtiiUL«ation  from  ether  (Dados), 
Creaylate  of  sodium  treated  with  Tm>HocfUvrac<tic  acid  yields  cresoxacetie  acid. 
(Heints,  p.  207.) 

Jkrivativct  of  Cntylia  Akohot. 

VltrooreayUe  Add.  CH^NO»  =    ^^'^^^^^jo.— When  very  dilute  nitric  and 

ia  gradually  added  to  an  aqaeoua  solution  of  crcsylic  alcohol  heated  to  60*^  or  70°  C, 
the  liquid  acquires  an  aromatic  odour  and  ycllowiBh-brown  colour,  without  giving  off 
red  rapoura,  and  ultimately  depoaits  nitrocresyllc  acid  in  oily  drop^  which  ainx  to 
the  bottom  of  the  veseel ;  they  are  washed  with  water  and  dried  in  vacuo. 

Nitrocresylic  add  is  a  yellowish-brown  syrupy  liqtiid,  inodorous,  bitter,  easily  soluble 
in  alcohol,  colouts  the  akia  yeUow.  It  appears  to  unite  with  allialis.   (Ducloa,  loc.  cit.) 

SlBltrooreeyUo  Aeid,  C'H'ir-O*  -  ^'^'(^^' [  0.— This  acid  ia  prepared,  not 

directly  from  cresylic  alcohol,  but  by  the  action  of  nitric  acid  on  snlphocreavb'c  add, 
A  eolation  of  1  vol.  sulphocresylic  acid  io  fi  or  6  vohi.  water,  or  an  equally  dDuta 
•olntion  of  cresylic  alcohol  in  a  small  quantity  of  sulphuric  acid,  is  heated  with  » 
small  quantity  or  nitric  acid  dilated  with  ita  own  bulk  of  water;  the  liquid  is  filtered 
from  a  resinous  body  which  separates  on  cooling;  and  the  filtrate  is  heated  to  bnib'ng 
with  addition  of  nitric  acid.  Dinitrocresylic  acid  then  separates  as  a  yellow  nil, 
which  diaaolves  in  alcohol,  but  does  not  crjstalli-e  by  evoponition.  When  slowly 
heated,  part  of  it  appears  to  aablimetmdecompoeed  ;  when  quickly  heated  it  detonates. 
^Duclos.) 

IHnitrocrttyl^tf  (f  Ammonium  is  easily  soluble,  but  diffienlt  to  crystallise.  (Duel  os.) 

TrUi4tr»creayUe  Add.  CH*NK)»  •  ^^^'^^'^'^'J  O.— Diacorered  by  Fairlie, 

more  fuUy  iiiveatigftted  by  Dados.  Homologrms  with  trinitropbeuic  or  picric  acid.  It 
vt  obtaiu0l'~l.  By  adding  faming  nitric  aciil  in  small  portions  to  coal-tar  creoeote  con- 
taining creeylio  idoohol,  in  a  reseel  stirr<.'undcd  with  ice.  The  liquid  then  assumes  a 
deep  red  oofoor.  and  aft^^r  the  addition  of  a  volume  of  nitric  acid  equal  to  that  n{  the 
CTOoaote,  aeparatei  into  two  layers,  the  upper  deep  red,  the  lower  black  and  tjirry ; 
the  upper  containa  the  trinitrocreaylic  add  (Fairlie).  —  2.  Bv  beating  a  dilute  solu- 
tion of  .Hulphocresylic  acid  with  nitric  acid,  filtering  from  the  resinous  body  which 
separates,  again  heating  the  filtrate  with  nitric  acid,  and  evaporating.  The  dinitro- 
criftylic  acid  which  first  separates,  ia  then  converted,  by  the  continued  action  of  the 
nitric  acid,  into  tdnitrocreaylic  add,  which  i«  found,  to;jether  with  oxalic  acid,  in  tlie 
crystalline  residue  obtained  on  cooling.    The  oxalic  add  ia  removed  by  washing,  and 


lOB 


CRICHTONrrE—CROCIN. 


the  trinitwoMPfBetdd  may  He  obt*in«i  in  the  crystalliije  form  by  Mlodon  to  alcolml 
ftod  erupoiah'on  in  vacuo.    (Bu<?lo8.) 

Trinitroiircsylic  acid  cryBtnlluoa  in  yellow  needle*,  eolatle  in  449  pt«.  of  water  nt 
20O  C,  *ad  in  123  pts.  at  100'^  (less  soluble  therefore  than  picric  acid).  The  eolation 
haa  a  fine  yellow  colour,  reddens  litmns,  and  imparta  a  yellow  Btain  to  wool  and  silk. 
It  diMolves  alcohol,  ether,  and  hencene.  It  ia  aepwirated  from  it«  aqueous  solution  by 
most  mineral  acida,  but  dissolves  in  oiceM  of  nitric  acid  more  easily  than  in  water. 
When  heated  a  little  above  100°  C,  it  melta  to  a  reddish-yellow  oil,  which  solidifies  ia 
the  crystalline  form  on  cooling.  At  a  higher  temperatora  it  defiagratea  like  picria 
acid.    (Duolos.) 

With  aolution  of  chloride  of  lime,  or  with  hydrochloric  acid  and  chlorate  of  pot  awrinm, 
it  emi  ts  the  odour  of  cliIoropLcrin.    (D  a  c  1  o  a.  '> 

TrinitTocrt*ylate    of  Ammonium,   ^  ""■  t  ^^j  \  0,   ciystalLiBeB    in  yellow  needles 

easily  aoloble  in  water,  less  easily  in  alcohol;  they  dcflajfratewhen  heated.  (Dticloa.) 
ZWji»iriwn!iytofflo/Z<-arf.U'*H'Pb"(NO*)*O^J?b''0.— When  a  boiling  dilute  ftjlution 
of  acetate  of  lead  is  mixed  with  trinif  rocresyUto  of  ammonium,  this  salt  separata*  from 
the  filtrate  on  cooling  in  microscopic  needles  which  are  moderately  soluble  in  water, 
and  detonate  when  heated.     (Dacloa.) 

TriniirocTftiflate  of  Potaaiuvi,  C'H'K(NO')'0,  cryatalliaes  in  small  or8nge*i«d 
needles  which  are  moderat4?ly  soluble  in  water  (Daclos);  sparingly  soluble  in  cold, 
easily  in  hot  water  (Fairlie),  and  detonate  strongly  when  heated.     (Dueloa.) 

SalpbooreayUo  or  Creaylaulpbuiio  Acid,  C*H*0»,SO*.— First  obtained  by 
Fairlie;  farther  examined  by  Dui;lo9.  Not  known  in  ilhe  free  state.  Cresylic  alcohol 
is  raiieifl  with  strong  eulphuric  acid,  the  liquid  left  to  stand  for  about  24  hours  at 
aliout  60*^  C,  and  then  mixed  with  water,  which  does  not  separate  any  oU-drops.  This 
liquid,  saturated  with  carbonute  of  lead  or  carbonate  of  barium,  and  carefolly  empo- 
patod,  at  last  in  vacuo,  yields  the  cf^^^e»pondin^  sulphocresy  lates. 

The  barium-falt,  C'*E'*B.'\'*0».2S0»,  is  colourless,  amorphous,  and  easily  decom- 
pofiible.  The  Irad-tali,  C'*H"Pb''0''.2S0",  gradually  dries  up  to  an  amorphouc, 
colourless  mase,  which  decomposea  at  140°  C. 

CRXCaTOZrim.  A  variety  of  titanifcroua  iron,  found  at  St  Cristophe,  near 
Oraans,  in  tlie  I>t^partemeDt  d'^^  (Dauphin^),  and  regarded  as  a  subapeciefl  of 
ilnienite  (jr.  v.) 

CSZ8VXTB.    Syn.  with  Bdtilb. 

CS.XTBnf?M  StAaxTZMimK.  Sea-fennel.  An  nmbelliferoujB  pl&nt,  erowio^ 
on  tho  Hcd-shiirc,  ouiituiiaLiig  volatile  oil  and  free  acetic  acid.  (Larini,  Geigei^a 
MajXiiz.  iv.  lis. 

CSOCSTXiV.    See  Caooor. 

CSOCZS.  n»H"0'»  or  CB^^O^.  —The  eolonring  matter  of  Chinese  yeOaw 
j)ods,  the  fnijt  of  iJardinia  ffrandijktra.  IJis^-overed  and  partly  examined  by  Bfayer 
in  IRfiS,  more  particularly  by  Eochleder  (J.  pr.  Cbem.  Ivi.  OS),  wlio  rcgani*  it'aa 
identical  with  a  cubttance  which  Quadrat  obtaiofd  in  an  impure  atAte  finm  aaShin* 
■nd  to  which  he  aaaigned  the  formula  f^i/"0". 


and  mixed  with  a  large  quantity  of  hydrate  of  alumina;  the  liquid,  filtered  after 
BtMdiag  for  severiil  days,  is  precipitated  with  basic  acetate  of  lead  ;  the  reddiah-yeJlow 
precipitate  is  quickly  collected  on  a  filter,  washed,  suspended  in  wuttT,  and  decom- 


Bolved  in  a  smadl  quantity  of  water,  filtered  from  aamall  quantity  of  separated  sulphur, 
and  again  evaporated, 

Croein  thus  prepiired  yields,  by  trituration,  a  bright  red  powder,  easilv  soluble  in 
water  and  in  alcohol,  the  solutions  having  Ihn  colour  of  dissolved  chromic  acid,  and 
forming  an  orange-coloured  precipitjite  with  lead-salta.  The  concentrated  aqneoua 
eolutiou  mixed  with  stron;?  eulnhuric  acid  afi«iinips  first  an  indigo-bbe,  then  a  riolec 
colour.  The  dilute  aqweoua  snlution  boiled  with  dilute*  Hulphuric  or  hydrochloric  aeid, 
is  resolved  into  crocetin,  whic-h  separates  on  cooling  if  the  solution  "ia  not  too  dilutis, 
and  a  colotirleaa  nncrystallisable  sugar  (amounting  to  28-2  per  cent  of  the  crocinV 
which  remains  in  solution  :  ^ 


Crwin. 


+  6H»0 


C«H»Oi 
Croniia. 
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Cteeitin^  C**WHy",  or  C**IP*O^K— To obtmin  this  rotetftnco  puw,  the crodn  thoaU 
be  boiled  with  the  acid  in  tin  atmosphere  of  hydrogen  or  cmrbonic  acid,  u  both  crodA 
knd  rrrvetin  rasiljr  cbsorb  oxjeea. 

CVocvtin  it  m  dmrk  rod  nmorpaoiu  povder,  BliahUy  soluble  in  vatitr,  easily  in  alcohol. 
It  turns  bine  in  nJp/tunc  acid,  like  crodn.  Its  sotution  forms  a  yellow  preciuitato 
with  Uad-talU.  fituffii  mordanted  with  tin-salt  acquire,  by  boiliuy;  in  a  nolution  of 
crooctin.  a  din|ry  greenish  yellow  oolonr,  whi(;h  by  treatmeot  with  ammoniucal  wuter 
is  conrertcd  into  a  brilliant  yellow  colour,  anoltt'red  by  lieht  and  air.  Thvi  yellow 
io1n>s  of  the  Chinese  mandarins  are  dyed  with  Uw  fhiit  of  the  Gardenia,  (Haadw.  d. 
Chem.  ii.  V*  AuH  ii.  [S]  22<.) 

CSOCZSOXtlva  (from  «tp«Mt«f,  woof).  A  aiUcate  occnrrtiig  in  asbestoe-like  fibres, 
al»o  masaiTe,  in  the  Griqtia  eountr}-,  beyond  the  Orange  river,  South  Africa,  and  in  the 
tnicaoeooi  porphyry  of  Wakenbach  in  the  YoegesL  Speciflc  gnTity  »  3'2— 3'26S. 
Hardness  *  4.  Colonr  and  fltrcak,  larender-bluo  to  leek-green.  Opaqne.  Fibre* 
■omewbat  elastic  Melts  easily  before  the  blow-pipe  to  a  bUck.  shining,  opaque,  *ome« 
what  fro^  gLu*!  attracted  by  the  magnet.  Single  fibres  raelt  in  tlio  fiame  of  n  ^pi^it- 
lamp.  With  bodrax  it  fbrma  a  green  transparent  bead,  changing  to  brown  ou  addiiioa 
of  uitrf. 

Analyses :  «.  from  Africa,  by  Klaproth  (Beitr.  riL  237);  h.  from  Africa,  hy 
8tromey«r  (Pogg.  Ann,  zxiii.  1£S):  e,  ftom  Wakaohach,  by  Delesse  (Ann.  Min, 
[3]  X.  307). 
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From  these  analyses,  Bammeliberg  (Minerakkenutt  p.  476)  dednces  the  fotmnhi 
7M*0.9SiO*  -»^  (U  .  .  .  .  8)H*0.  Taking  the  larger  amount  of  water,  and  supposing 
2  at.  to  be  basic,  thift  formula  may  be  reduced  to  (M'*H  WO"  +  aq.,  orSR'SiO*  +  aq, 
which  is  the  formida  of  a  metasilicate.  The  mineral  is  perhaps  formed  from  toda- 
homblende  (arfTedsonite),  by  abstraction  of  lime. 

A  somewhat  simil&r  mineral  oocon  at  8taTem  m  Norway. 

CROCOXaXTB.     Natire  chromnte  of  lead  (i.  934). 

cuocowxc  ACXO.  C»H'0»  =  (C»0»)'.H-.0'.— (L.  Omelin  [1825],  Pogg.  Ann. 
iT.  37;  Handbook,  a  388.  Liebig,  Fog^.  Ann.  xxxiii.  90.  Heller,  J.  pr.  Chem. 
xii.  280;  Ann.  Ch.  Pharm.  xxir.   I;  xxxiv.  232.     Will,  Ann.  Ch.  Pharm.  cxviiL 

AVhcn  ths  compound  of  carbonic  oxide  and  potaadum,  obtained  by  paasing  the  dry 
gas  oT«>r  melted  potassium, — or,  as  a  secondary  product,  in  the  pre|MUiition  of  potassinni 
by  heating  carixuate  of  potassium  with  eharooal  —  is  immeiMd  in  water,  inflammabla 
gas  is  eTdVed,  and  a  strongly  alkaline  yellowish-red  solution  is  formed,  which,  when 
left  tu  eraporate  at  a  gentle  beat,  becomes  pale  yellow  and  deposits  long  yellow  needles 
ofcroconate  of  potassium,  while  oxalate  of  potassium  remains  in  the  mother-liquor. 
These  two  salts  are  not,  howerer,  the  immediate  products  of  the  action  of  air  and 
water  on  the  compound  of  potassium  and  carbonic  oxide,  their  formation  being  pre- 
ceded by  that  of  a  red  salt,  thci  rhodisonate  of  potassium,  the  sototion  of  which  de- 
composes, during  eraporation.  into  crooonate,  oxalate,  and  probably  also  carbonate  of 
potassium.    The  relations  b«.'twof  n  these  scTersl  products  are  not  exactly  known. 

The  black  mass  produced  in  the  preparation  of  potassium  should  be  exposed  to  the 
air  for  several  weeks  before  it  is  dissolred  in  water;  it  then  gradually  acquires  a  red  or 
ycUow  colnor  and  dissulves  in  water  without  explosion ;  but  if  it  has  been  exposed 
to  the  air  for  a  few  hours  only,  it  takes  fire  in  contact  with  water  (because  it  contains 
fVee  potajisinm).  and  produces  a  violent  explosion  wbidi  abatten  the  Teasel 

Croconic  aciii  is  obtained  in  the  free  state  br  digesting  the  potasaium-salt  with  a 
mixture  of  sulphuric  add  and  absolute  alcohol  for  sermd  hoars,  then  filtering,  and 
leaving  the  solution  io  evaporate. 

It  CMnnot  he  conTonienlly  prepared  by  docomposing  the  lead-salt  with  sulphnrio 
aci<i,  M  the  decompo.«.ition  is  never  complete,  or  by  decomposing  the  lead  or  copper 
salt  with  sulphuretted  hydrogen,  as  in  that  case  pectdiar  solphur-compouitda  are  formed 
which  aro  troublesome  to  separata. 

Croconic  add  crystallisea  in  anhydrous,  orange-yellow,  transparent  prisms  and 
granules  (Omelin);  in  gohlen-yellow  huninie  or  granular  crystaU  containing 
OHX)*  +  SHK),  which  becotue  opaque  and  crumble  to  a  yi^llow  powder  when  left 
over  oil  of  vitriol  and  more  quickly  when  heated  to  100*>  C.  (Will).  It  is  intv 
doroos,  has  a  strongly  acid  taste,  and  reddens  litmus.    It  diasolrct  eui^  in  wntai^ 
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forming  a  jellow  solation,  whidi  gradually  becomes  oolonrless ;  eanlj  iil«o  in  alcohiii. 
(Omelin.) 

Croconic  acid  is  not  altered  by  a  temperature  of  180°  C,  but  wb«D  more  Btronglj 
heated,  it  girm  off  white  and  yellow  irrituting  Tapoors  and  leaves  a  tnnall  quantity  cf 
easily  combustible  charcoal.  In  combinution  with  potash  it  is  quickly  deeompmed 
by  permanganate  cf  potassium  in  presence  of  sulphuric  add,  l>eing  entirely  converted 
into  carbonic  acid.    (WilL) 

The  solution  of  the  potassium>saIt  ia  completely  decolorised  by  nitric  add  aad  bj 
chlorine  (Qmelin,  Liebig),  with  evolution  of  nitric  oxide  free  from  carbonic  acid  io 
the  former  case  (Omelin,  Will),  without  evolution  of  gas  in  the  ktt«;r  (Will).  la 
biith  eases  a  new  acid,  lenconic  acid,  is  prodaocd: 


Crncontc 
acid. 


O  +  3HK) 


L«u  conic 
acid. 


The  croponatoB,  C*M'0*,  are  yellow  (hence  the  name  of  the  8«d).  Many  of  tbnn 
\  are  anhyilrou!)  (Will).  They  decompoae  below  a  red  heat,  with  plowing  and  sparkling, 
giving  off  Ottflx* die  oxide  and  carbonic  anhydride,  and  leaving  a  mixture  of  charcoal 
and  metallic  oxide,  tapbonat*  or  roetaL  Tney  withstand  the  action  of  air  and  light, 
even  thpir  aqueous  soiatioiiii  not  being  altera  by  exposure  to  the  air.  The  croconate* 
,  ti  the  alkali-metalB  and  some  others  are  soluble  in  water ;  they  all  dissolve  with  decom- 
position in  nitric  acid  {vid.  sup.)  Some  of  the  croconatiw  of  the  heavy  metala  a» 
soluble  in  alcohol  and  eth^.    (Heller.) 

Croconate  of  Aluminiuvi. — Yellow  crystals  easily  soluble  in  water  and  alcohoL 
(Heller.) 

CroconaU  of  Ammonium, — ^Reddish-yellow  needles  soluble  in  water  and  alcohol 
(Heller.) 

Croconates  of  ^nfimon.v.— Croconate  of  potassium  added  to  a  solution  of  tri- 
chloride of  antimoDy  in  hydrochloric  add  forms  a  lemon-yellow  precipitate,  soluble  in 
excess  of  chloride  of  antimony.     (Omelin.) 

Croccnats  of  Barium,  2C*Ba*0»  +  3  H*0  (Will).— Yellow  pulverulent  ptwipi- 
tate.  iofiolublein  waterandin  alcohol  (G  me Hd).  Does  not  give  off  its  water  at  200*^C. 
(Will) 

Cr 0 CO »<i f *  D>/5 1 .jwuf  A.— Lemon-yellow  precipitate  soluble  in  ezceea  of  nitrate 
of  bismuth  (Gmelin).     Contains  55  68  per  cent.  Bi*0".     (Holler.) 

Croconate  of  Cadinium. — Yellow  pulverulent  precipitate,  Homewhat  aoluble  in 
water  and  alcohol.     (H  eller.) 

Croconatf  of  Calcium, — Lemon-yellow  crvetals  sparingly  soluble  in  water  and 
alcohol  (Gmt'lin).  They  contain  C*Ca'0»  +  '3H*0,  and  give  off  their  water  com- 
pK'tcly  atlflO'^C,    (Will) 

Croconate  of  Cohali. — The  potassium-salt  mixed  with  an  aqueous  cobalt-salt 
yields,  after  a  fewhoups,  dark-bmwn  transparent  crystals,  with  beautiful  violet  reflex; 
Koluble  in  water  and  alcohol    (Heller.) 

Croconate  of  Copper,  C*Cu'0*  +  3H'0,  is  deposited  in  priamatic  crystala  on 
mixing  the  hot  solutions  of  croconate  of  potassium  and  cupric  chloride.  The  crystals 
belong  to  the  trimetric  system.  Dominant  form,  cop,  with  the  faces  aoPoo.  Incli- 
nation of  ooP :  QcP  in  the  bmchydiagonal  principal  action  =  108'>.  Cleavage 
parallel  to  <»P.  The  crystals  have  a  fine  deep  blue  colour  by  reflected  light,  aad 
appear  orange-coloured  by  transmitted  light.  They  give  off  13'8  per  cent.  (—2  ai.) 
water  at  100'='  C,  the  remiiining  atom  not  being  given  off  till  the  salt  is  heated  to  a 
temperature  at  which  it  undergoes  complete  decomposition,  giving  off  carbonic  oxide  and 
cariwoic  anhydride,  yielding  an  acid  diatillate,  the  latter  portions  of  which  form  a  black 
precipitate  with  nitrate  of  silver,  and  leaving  a  residue  of  copper  and  charcoal.  The 
Bait,  heated  in  the  air  to  a  temperature  below  redness,  burns  with  a  glimmering  light 
and  slight  sparkling,  learing  first  a  red  powder  of  metallic  copper,  ailttrwarda  coprie 
oxitle.     Fuming  nitnc  acid  seta  it  on  fire  with  vivid  sparkling. 

Croconate  of  copper  disaohrei  Tcry  sparingly  in  coid  water,  rather  more  in  1 
water,  forming  an  acid  solution,  which  forms  with  potash  a  blue  precipitate  soluble  i 
excess  of  the  alkalL    Ammonia  produces  a  similar  roaftion,  and  Ukewive  dissolvea  thflJ] 
crj'ntals.     The  tiqupoufl  solution  forms  but  a  slight  deposit  of  copper  upon  iron,  nnlMa 
hydrochloric  acid  ia  also  present.    (Omelin.) 

Croconates  of  Iron. — Croconate  of  potossnum  forms  with  aqueous /«rrr»cr  dilorida 
a  clear  black  mixture,  which  in  thin  layers  exhibits  a  garnet -red  colour  (6meli&)r4 
it   deposits   inrliatinct,    very   dark -colon  red    crystals,   HoluLle    in  wnter   and   alrohel 
'  "leller).     ThQ  poLasaium-salt,  added  to  /rrrotM  sulphate  forms  a  dark  yellowish 
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liqiiiii  whieh  •ftmrards  depodtJi  brown  (lakes,  chaniinng.  ntteT  ftome  honra,  to  dark 
brovn  rryiUU,  blue  bj  reflected  light ;  th^  resemble  the  copp«r-Mlt  in  fonn,  sod  ttr* 
tolabl«  in  vat«r  and  ^cohoL     (Heller.) 

(7roeonar/o/L^flrf.—C*Pb'X>»  +  2H'0 (Will),  is  obtained  byponring,  flnrt  aMtie 
acid,  theo  a  hot  dilute  solution  of  acetate  of  lead,  into  a  solutioa  of  croconate  of  po> 
taimiiim.  It  ia  a  mlcsieeons,  golden  jellow  precipitate,  which  gives  off  ita  water  at 
180°  C.     (Will) 

Croconate  of  Maffneaium. — Dark  brown  prisms.    (Heller.) 

Croconate  of  iiangantee. — By  evaporating  the  acid  with  manganom  acetate,  or 
leaving  the  potasaiam^salt  for  some  time  in  contact  with  mangiwous  sulphate,  dingy 
yellow  crystals  are  obtained,  having  a  faint  blue  reflex.     (H  eller.) 

Croeonateof  Mfrcury.-~Th»  potassium-salt  added  either  to  mercuric  or  mer- 
CoroQS  nitrate,  forms  a  yellow  precipitate. 

Croconate  of  liick*l. — By  evaporating  croconic  acid  with  sulphate  of  nickel, 
light  brows  grmins  are  obtAine^  soluble  in  water  and  alcohol.     (HcUer.) 

Croeonate$  of  Potassium,  a.  Neutral,  OK»0»  +  2H*0.— Prepared  by  cau- 
tiously disKlving  in  water  the  black  maM  obtained  as  an  acoemory  product  in  the 
prepandon  of  potassium, — flltering,— oooceutratiug  the  filtrate  over  the  water-bath, 
and  leaving  it  to  crystallise, — presaing  the  yellow  needles  thus  obtained, —and  re- 
fTyirtallisirg  from  hot  water  (6  me  tin).  Crystallises  in  slender  needles  or  prisms 
of  aa  orange  yellow  colour,  which  eflloresce  and  give  off  their  water  at  a  temperutore 
eonsidaMbry  below  100°  C,  or  when  treated  wil^  oil  of  vitriol,  and  become  Ivmon* 
yellow.  At  a  high  temperature  the  salt  carbonises.  Nitric  add  and  chlorine 
decoloriBe  it,  and  convert  it  into  leuconate  of  potassium  (p.  108).  It  is  moderately 
Botulile  io  water,  especially  in  hot  water ;  insoluble  in  abaolnte  alcohol  The  aqueous 
solution  reduces  chloride  of  gold  when  heated  with  it ;  with  mtrcuru!  chloride  it  fonni^ 
after  a  while,  a  white  precipitate,  probably  consiiiting  of  calomel. 

A  And  salt,  C*HKO.C»HH>»  +  aHK).— Obtained  by  adding  to  •  solution  of  tb« 
neutral  salt,  a  quantity  of  sulphuric  acid,  not  suflident  to  decompose  it  completely. 
Forms  prisms  more  deeply  cobuxed  than  the  nentnl  salt,  and  having  an  add  reaction. 
(Omelin.) 

Croconate  of  Silver,C*Af^C^,  is  precipitated  in  auiora-red  flukey  insoluble  in  water, 

Croconate  of  Sodium^  obtained  by  neutralising  the  acid  with  carbonate  of  so 
diom,  forms  rhomboidal  prisms  less  deeply  ooloured  thnn  the  potassium-Bait,  sod 
coDtaiAiDg  water  of  crystallisation.  Very  ioluble  in  water,  Bparingly  in  akohoL 
(Heller) 

Croeonate  of  Tin. — The  potaaaium-salt,  added  to  a  solution  of  etannous  chloride 
throws  down  a  large  quantity  of  an  orange-yellow  powder  (G  met  i  o) ;  it  decomposes, 
with  violeocs  when  heated,  and  is  sparingly  soluble  in  water  (Heller),  slmme 
cUorid*  is  not  predpitated  by  ooeonate  of  potassium. 

Croconate  of  Uranium.— Th^  hyadnth-red  mixture  of  croconic  acid  or  croco* 
nate  of  pobiasium  with  uranic  nitrate  yields,  by  spontaneous  evaporation,  yellowish- 
red,  transparent  crystals,  easily  soluble  in  water  and  in  alcohol.     (Heller.) 

Croeonate  of  Zinc. — Crystalline  grains  soluble  in  water  and  alcohol. 

Croconate  of  Zirconium,— YtWon  ciystala  soluble  in  water  and  aloohoL 
(Heller.) 

C&OCOZAVTBZS.  A  peculiar  yellow  colouring  matter,  said  to  exist  pure  in  the 
flowi-rs  of  CrociLi  luttus,  mixed  with  other  substances  in  the  stigmata  of  Crocus  mlivus 
and  Croicus  multtfidut,  and  in  other  nlants.  It  is  a  golden-jellow  amorphous  body, 
of  considerable  colouring  power,  easily  soluble  in  water  and  alcohol,  but  insoluble  in 
ether.  It  is  not  altered  either  by  adds  or  by  bases, — a  character  which  distinguishes 
it  from  other  yellow  colouring  matters,  such  as  xunthin.  &c. ;  forms  yeUow  lakes  with 
scvcnil  metallic  oxides,  and  tnay  be  fixed  on  tissues.    (FiihoL  J.  Pharm.  [3]  xlviiL) 

CSOCITB.  A  term  applied  by  the  older  chemists  to  many  metallic  compounds; 
thus,  oxysulphide  of  antimony  (i.  328)  was  called  Crocus  Antimonii,  or  Crocus  me- 
ttdlorum ,  scequioxide  of  iron,  Crocus  Mortis  and  CIrociM  Marlis  aferittints  :  cuprous 
oxide,  Crocus  Veneris,  &c. 

CMOCUB  SATZWS.    See  SanraoK. 

CSOirSTEDTITB.  Chiorointlan. — A  hydrated  ferrous  silicate,  containing  also 
smaJl  ouuntities  of  magnesia  and  monpnnese,  found  in  w  vein  of  silver  ore  at  Pntjbram 
in  Bohemia,  accompanyinjr  pyritc,  sidfrite,  calcile,  iind  linionite;  alno  at  Vilieal 
Mnndlin  in  Corawull,  with  pyrite  and  Hideritc.  It  cryetalliKefl  in  tlic  hexagonal  system, 
formiug  six-sided  prisms,  with  the  bade  terminal  Dace,  geiienJJy  in  dirergiug  groups;  also 


IIS 


CROSS-STONE  — CKOTONIC   ACID. 


nniform  and  amorphoos.  CHesvage  basal,  verv  djstinct  Colour  rftren^blsok.  Streak 
dark-greeo.  Opaque,  with  Btroug  vitxcooa  luKtreu  Rithor  brittle :  thin  luniiiuB, 
aomewhat  flexible.  Specific  gravity  =  3-3  to  3-4.  Hardnesi!  =  2-5.  Befoiv  the 
blowpipe  it  awells  up  a  little,  and  melt*  on  the  edges  to  a  blacldah-^y  magnetio 
•lag.     With  borax  and  phosphorue-salt  it  giTea  the  reactions  of  iron,  silica,  and  man- 

KDcse  ;  vith  soda,  that  of  muugaaeae.    It  gives  off  u  ut«r  when  heated  in  a  teat-tob^ 
'Composed  by  hydrochloric  or  sulphnric  acid,  forming  a  jelly  of  silica. 
Anaiytia,  by  K obeli  (Schw.  J.  Ixii.  199); 

SiO«  FoO         J:'e*0*       MgO       MnO        H'O 

22-45        2718        86-36        2-88        6  08         1070  =  103-64, 

•greeing  npproximAtelT  with  the  fonoula  3(2FeO.SiO*).2fFs»0".SH»0),  or  3Fe*SiO* 
+  2(Fc*)"H«0«. 

CROSS-STOVi:  or  CKOCtim*     Byn.  with  Chiastouts  (i,  868). 

CBOTOV  OTU,  OUum  crotonis. — A  fatt}'  oil  existing,  to  the  amount  of  about  60 
per  cent,  in  the  eceda  of  Crotcn  Tiffhum,  a  plant  of  the  Euphorbiaccotts  order.  It  it 
Usually  oLtitincd  by  strongly  pressing  tli«  bruis*-d  seeds  between  hot  platen,  — aome- 
tinics  by  digestion  with  alt«ohol  or  sulphide  of  carbon. 

The  properlic'9  of  crolon  oil  ditfer  to  a  certain  extent  aecordtni?  to  the  mode  of  pre- 
pAindoD.  The  oil  obtained  by  pressure  has  a  more  or  less  yellow  or  brown  colour, 
and  a  peculiar  rtuicid  odour ;  ita  taste  is  mild  at  flrst,  but  aft«rwards  bumine.  It  ia 
■omownat  viscid,  e'*pecially  when  old,  and  defHDsita  more  or  less  of  a  dirty  white  body, 
1  It  is  a  fiowerful  drastic  purgative,  and  irritates  and  reddens  the  akin.  The  latter  pn>- 
pcrty  is  duo  to  a  peculiar  oily  body,  caUed  crotonol,  C*H"0*.  The  pnr:gatiTe  action 
waa  formerly  aacribed  to  a  volatile  add  of  the  oleic  aeriea,  crotonie  acid  ;  bat  aubse- 
quent  inveBtigationa  buTe  shown  that  thia  ia  not  the  case ;  tlie  exact  nature  of  th« 
purgatJTo  principle  ia  not  known.  According  to  Mayer  (N.  Jahrb.  pr.  Pbann.  z. 
318),  A  volatile,  highly  irritating  snbstance,  which  affecta  the  lining  membraaa*  of 
the  noae  and  mouth,  is  evolved  during  the  pressing  of  croton  seeda  between  warm 
plates;  this  substance  also  reniains  to  be  investigated. 

Brandes,  who  first  examined  croton  oil,  supposed  that  it  contained  a  anudl  quantity 
of  an  alkaloitl,  to  whicli  ho  gave  the  name  crotonint;  he  obtained  it  by  dic**sting 
the  alcoholic  extract  of  croton  seeda  with  water  and  magnesia.   According  to  wieppcn, 
.  however,  this  supposed  alkaloid  is  nothing  but  a  magneeia-froap  of  croton  oiL 

The  most  exaot  investigation  of  croton  oil  haa  been  made  by  Th.  Schlippe  (Ana. 
Ch.  Pharm.  ev.  1).  To  obtain  the  oil,  the  seeds  were  first  pressed  between  warm 
plates,  and  the  remaining  cake,  after  being  comminuted,  was  exhausted  with  alcohol 
of  85  per  cent,  in  a  displacement  apparatus,  so  arranged  that  the  alcohol  which  ran 
off  could  be  distilled  back  again.  After  this  proceas  had  been  repeated  four  times,  the 
receiver  contained  two  layers  of  liquid,  the  lower  of  which  was  oily,  and  contained 
14  pta.  oil  to  1  pt,  alcohol,  the  upper  mohUe,  containing  23  pts.  alcohol  to  1  pt. 
oil.  The  reaidual  maiua,  «till  naturated  with  ftlrohol,  was  pressed,  and  yielded  a  con- 
siderable quantity  of  oil  Burmountcd  by  a  layer  of  alcohol.  From  tliia  and  the  pre- 
cedirig  portions  the  alcobQi  was  distilled  off.  In  this  manner  four  portions  of  oil  were 
obtiiiued,  (1.)  The  portion  obtained  by  warm  pressure;  (2.)  That  which  was  di^' 
placed  and  dissolved  by  the  alcohol ;  (3.)  That  displaced  by  the  alcohol  but  not  dia- 
Bolvcd,  forming  the  lower  layer  above  mentioned;  (4.)  The  portion  expressed  from  the 
residue.  Of  these  the  second  exerted  the  strongest  irritating  action  on  the  skin;  thia 
action  was  much  weaker  in  the  third,  and  weakest  in  the  first  and  fourth. 

Croton-oil  obtained  by  pressure  was  found  to  contain  stearie,  palmitic,  myristic,  and 
Inuric  acids,  two  Acids  of  the  oleic  series,  whow  formulte  lay  Wtween  C'^H'K)'  and 
C"H"H3*,  — also  crotonie  and  angelic  acida,  together  with  glycerin  and  other  anh- 
Btincea. 

The  alcoholic  extract  of  croton-seeds,  diluted  with  water  and  evaporated  to  remoT» 
Ht^^  alcohol,  became  turbid  on  cooling,  and  dB[>oeited  a  dirty  yellow  crystalline  body, 
which  has  not  been  farther  examined,  but  is  porhape  tlie  purgative  principle  of  the 
seeds.  This  body  is  decomposed  during  the  sapoaificatioa  of  croton  oil,  and  yields 
a  peculiar  black  resin  {vid.  sup.) 

CKOTOlfXC  ACXV.   C*H«0»  <.  C«H*0,H.O,  or  C'H'O*.     (Pelletier  and  C« 
rentou.  J,  Phann.  iv.  289.  —  Caventou,  ibiJ.  xi.  110. — Buchner.  Repert.  Pha 
xix.  185. — Schlippe,  Ann.  Ch.  Pharm.  cr.  1.) — This  acid,  which  belong*  to 
oleic  series,  C*H**~*0*,  and  occupies  the  intermediate  place  between  acrylic  ■ 
C*H'0*  und  angelic  acid,  OH^O',  is  obtained  by  the  Hapomtieation  of  croton  oil.     Tb»l 
oil  extracted  by  preswure  is  saponifled  with  soda-ley;  the  alkHline  li<^nid  is  treated 
with  pommnn  salt,  whifh  sepsrates  a  soap  containiEg  palmit«t*',  st^jiTHte,  myristate, 
a&d  kurate  of  sodium,  leaving  crotonato  and  angclute  in  solution ;  this  soap  is  washed 


with  bnn«;  and  the  mothpr-liqoor.  together  with  tbevMhioga,  w  Bapei«iitnnit«d  with 
taitefic  add.  It  then  becomes  coloimesi  and  deposits  yellow  floolui,—  &  product  of 
the  decoinpo«itioD  of  the  supposed  poigative  principle  mentioned  in  the  laiit  article. — 
which  cake  together  to  a  black  resui.  The  filtered  liquid  is  then  distilled ;  the  dia- 
tiliate,  containing  crotonic,  angelic,  and  hydrochloric  acid,  is  nfutnilintHl  with  baryta, 
and  eraporated  to  di^-neae;  and  the  reaidue  is  again  diutilled  with  dilute  tartaric  acid. 
CVotonic  acid  then  dutila  orer  first,  together  with  wattf,  and  afterwards  angelic  acid 
eryatallijM  in  the  neck  of  the  retort.  The  Mturation  of  the  liquid  distillate  with 
barjta,  and  the  decomposition  by  tartaric  acid,  are  repeated  till  tiie  difftillate  no 
longer  containa  hydrochloric  add ;  the  liquid  is  then  finally  neutralised  with  baryta ; 
the  exeeaa  of  bvyta  remored  by  earbonic  add;  the  filtrate  eraporated  to  dryneaB; 
and  the  reeidae  decompoaed  by  keating  it  with  strong  phosphoric  acid.  As  tiie  liquid 
eoola,  the  crotonic  add  xiaM  to  the  surface,  and  may  be  separated  by  meauB  of  a 
pipette. 

Crotonic  add  i«  a  eolosrleai,  ofly  liquid,  haring  a  eomewbat  pungent  odour  and 
an  add  taata.  It  dissolres  with  moderate  facility  in  pore  water,  but  is  insoluble  in 
aaline  water,  "^lien  carefully  heated  with  htfdratt  of  potaetium,  it  girea  off  hydrogen, 
and  forma  acetate  of  potaaainm : 

C*BHy  +  2KH0  -  2C?H»K0*  +  JP, 

Tb«  erotonaie*  an  inodoroiUL  The  potamum'Salt  forma  rhnmbo'iVliU  prisms, 
permanent  in  the  air,  sparingly  soluble  in  alcohol  oi  specific  gravity  0*86.  The  bariumr- 
adt  is  Tsry  soluble  in  water  and  in  alcohol,  and  sepamtes  by  concentration  in  nacreous 
cr)-8taJa,  the  powder  of  which  exdtes  powerful  irritation  in  the  throat  The  magtw- 
mum^^aiU  ii  i^olar  and  sparingly  soluble  in  wat«r. 

Obotoaate  of  ammoninm  forma  a  cream-eoloured  predpitato  with  ffrrmt$  sulphate; 
wliit«  with  tilvtt  and  lead  sulth  ;  bluish-white  with  salta  of  copper.  It  does  not  pre< 
dpitate  ferric  sulphate  or  chloride  of  mercury. 

CSOTOVO&.  C«H'«0».  (Th.  Schlippe^  Ann,  Ch.Phann.  cr.  1.)  —  Contained  in 
eroti->n  oil.  To  pn-pnrc  it,  the  oil  is  shaken  np  with  a  quantihr  of  alcoholic  sodii  sufii- 
dent  to  form  a  milk  ;  the  mixture  is  gently  heated  for  some  boors ;  wat«r  or  brine  is 
added ;  and  the  oily  layer  which  then  rises  to  the  anr&ce,  ia  completely  removed  by 
repeated  filtration  through  wet  filters.  On  mixing  the  filtrate  with  water  and  hydru- 
duoric  add,  another  oil  separates  out,  which  is  diMoIved  in  cold  alcohol,  digest^ni  with 
hydrate  of  lead,  tiU  tta  add  reaction  is  neutralised  (whereby  a  fiocculent  predpitate  is 
formed  which  aifterwards  ooagulutes  into  a  greasy  moss),  then  mixed  with  a  little  soda 
and  A  Ucrge  quantity  of  water.  The  milky  Uquid  thereby  produced  becomes  dear  after 
a  while  and  deposits  an  oil.  which  is  to  bo  washed  with  water,  then  dissolTed  in  ether, 
and  the  ethereal  solution  again  washed  with  water,  and  evaporated  in  Tacao.  It  tbeu 
leaves  crotonol  amounting  to  4  per  cent  of  the  oiL 

Crotonol  forms  a  colourless  or  faintly  yellow  visdd  mare  of  the  consistence  of  tur- 
pentine. It  has  a  faint  peculiar  odour,  and  is  the  part  of  croton-oil  which  irritaten 
the  skin,  not  the  purputive  principle. 

It  cannot  l)«  distilled  witltnut  di^compositlon,  even  in  vacao  or  in  a  stream  of 
earbonic  acid  gns.  When  distilled  with  water,  either  pure  or  containing  solpliuric 
acid,  it  yields  first  a  colourless,  then  a  blnck  oil,  which  cannot  be  distilled  at  200* 
even  in  vacuo,  and  leaves  a  black  resin  which  forms  with  alcohol  a  turbid  solutiot 
predpituble  by  acetate  of  lead.  A  solution  of  crotonol  in  absolute  alcohol  dues  no 
form  cryetals  with  ammonia.  Crotonol  does  not  combine  with  add  ttulphit'  of  sodium. 
With  melting  sodium  it  gives  off  gas  with  violence,  then  becomes  thicker  and  resinous. 
By  boiling  with  caustic  potash  or  artda,  it  forms  a  brown  resin  which  no  longer  reddens 
the  skin.     The  alcoholic  solution  of  crotonol  does  not  prcdpitote  metallic  salts. 

QXOTOirr^x^VE.    See  Ai>Dun)A  (p.  965). 

CSOWI  OXXt.  Tohucina  oil.  —  A  fatty  oil  obtained  from  the  seeds  of  Carapa 
Tofoudna.  h  tn-f  twenty  fett  high,  gn^winjt  on  the  Gold  Coast.  The  seeds  are  first  dried 
and  smoked,  then  bruised,  boiled  with  water,  and  the  oil  which  separatee  i«  collected. 
The  oil  has  a  bitter  taste,  aimarently  due  to  the  presence  of  a  forei^  basic  substance, 
and  a  repolaivo  odour ;  it  dissolves  completely  in  ether,  but  is  separated  by  alcohol 
into  two  parts,  the  solid  portion,  together  with  the  basic  substance,  diusolving,  while  a 
liquid  oil  remains  undissolved.  Croupi  oil  is  used  by  the  natives  of  tho  West  Coasfc 
of  Afrits  for  burning,  and  as  a  remedy  against  intastinol  worms. 

cnftonnr  axjkss.    See  Glam. 

GS17CX£ITX>     See  STA.rB0LiT>. 

mtVCXTS.     S^-n.  of  Cmi.yroiJTB  (i.  868). 

CBWSTACBA,  The  shells  of  Crustacea  contain  organic  and  inorganic  mattar  u 
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umiiy  equal  qnantltietf,  the  inorganic  portion  connoting  mainly  of  carbonate  of  ealciuni 
srith  11  8miUI«r  qoBiitity  of  phosphate.  Viimj  (Ann.  Ch.  Fhya.  [3]  xliiL  47)  fouud 
in  tlio  shvU : 

Of  the  Bea-crab     , 
Of  the  land -crab    . 

The  organic  portion  consiata  mainl^f  ohitin  (i.  874.) 

ca.TOX.Z'rs.  NatiTe  fluoride  of  foditim  tmd  alaminiam,  ONaF.Al'F'.  Found  j 
IftiTUt'  quantity  at  Evigtok,  in  the  Arksut-^ord,  in  Weet  OreenUmd,  where  it  fonns  » 
hi«l  SO  foet  thick  and  300  feet  long ;  also,  with  chiolit«,  lithiH-mica  and  flaor  sper,  at 
Miiiflk,  in  the  UniL  Oryetalliw^e  la  the  diraetric  syitmn.  Specilic  gravity  =  2*9—' 
3-08.  Burdneaa  «  2'S.  ColourloAS  and  transparent  wtien  pore.  At  the  surfafie  ot 
the  bod  just  moutionedf  the  mineral  is  -white,  btit  betow  the  enrface  it  exhibits  a  ooo- 
tintmlly  darker  colour,  and  at  last  almost  black:  the  coloar  la,  however,  deatrojed  by  a 
noflerate  heat  Cryolite  melts  btrlow  a  red  heat  and  forms  an  opaqae  glaaa  on  cooting. 
I  It  in  Tery  slightly  soluble  in  vater.  It  is  used  for  the  extraction  of  aluminium,  and 
also  for  the  preparation  of  caaatic  soda  for  soap-boiling,     (See  Anfiasciujt,  L  157.) 

CK. WTJLBUU B.  C'*H"N.  An  organic  bdM  contained  in  that  portion  of  the 
bases  from  coabtur  (<f.  v.)  which  posseeacs  the  highest  boiHng  point  (above  274*  C). 
It  has  not  been  obtained  pure,  its  composition  haring  been  determined  only  by  the 
analysis  of  the  platinum-salt,  which  crvstallises  in  yellow  needles.  It  is  homologous' with 
chinoline,  CH'N.  and  lepidine,  C'*II»N.     (C.  Gr.  Williams,  Chom.  Gaz.  1856,  283.) 

C&TPTOKXJI'.  An  organic  liquid,  found  togctJier  with  brcwstolin  (L  663)  in 
cavities  of  topaz,  chrj'solierjl,  quartz-crystals  from  tjuebec,  and  ttmothyst  trova  Sib*^!*. 
The  two  liquids  sometimes  occur  in  the  same  caTities,  but  they  are  not  mi»nbl<«. 
Crj^ptolin,  when  cxfHiacd  to  the  uir,  speedily  hardens  into  a  ycllowieh,  transparent, 
resinous  boily,  not  voLitiliaable  by  heat,  or  soluble  in  ftieohol  or  m  water,  but  dissolving 
rapidly  and'with  cfR-rvescence  in  sulphuric  add.  Nitric  and  hydrochloric  acid  also 
dissolve  iL     Index  uf  refraction  nearly  the  same  as  that  of  water.     (Dana,  iL  471.) 

CXT PTOUCTS  (from  Kpvwr6\,  concealed).  Native  phosphate  of  cerium,  CpT*©*. 
diHcovered  by  Wdhlfr  (Ann.  Ch.  Pbarm,  Irii.  268)  in  the  roee-coloured  8p>atite  of 
Arcndul  in  Norway,  from  which  it  is  separated  by  di»«olving  the  apatite  in  nitric  acid, 
rlit^  or}'[ir4ilite  then  remaining  undiHSolved,  in  very  small  hexagonal  erystak.  (See 
Phosphatrs.) 

CKTBTAliIiIlf,  or  Globulin,  An  albtiminous  substance,  contained  in  the  crvn- 
t!diin<^  leas  of  the  eye,  and  supposed  by  Berzeliua  to  be  identical  with  the  aibamiiMJre 
coij»titut*nt  of  the  blood-corpuscle*.     (See  Gn>Bri,iN.) 

cnit'VBTA^XiXxrs.     An  old  name  for  aniline  or  phenylamine. 

CKTSTAXXiXSATZOS.    A  ciystal  is  a  solid  body,  bonn'Vd  by  plane  »urfac«% 

disposed  according  to  a  regulnr  law  of  symmetry,  the  form  thus  produi^ed  being  easeil- 
tially  related  to  the  oorapositiou  and  properties  of  the  body,  se  that  the  minutest  par- 
ticles into  wbicb  the  body  can  be  meehanicidly  divided  exhibit  either  the  same  fbrm.  Of 
one  rpbte<l  to  it  hy  deteniiinuto  laws.  This  essential  connection  belwt'en  form  ami 
composition  distinguishes  a  crj-sfcil  from  a  regular  form  artificially  produced,  its  by 
carving  or  modeUing.  All  crystals  cleave  in  certain  directions  more  easily  than  ia 
others,  and  all,  excepting  those  which  belong  to  the  regular  system  (seo  CaTsratLO' 
01U.PHY),  refract  light  doubly. 

To  enable  &  body  bo  assume  the  ayBtalline  state,  its  particles  most  poesesa  a  cezfiu  j 
freedom  of  motion:  hence,  the  fluid  state  ia  for  the  most  oart,  an  essential  preliminarr 
to  rrystallisation.  Sometimes,  indeed,  an  amorphous  solia  —  that  is  to  say,  one  whict 
has  no  definite  Btmcture,  either  crystalline  or  organised  —  passes  spontaneouslr  into 
the  crystalline  state  without  previous  liquefaction.  This  is  the  case  with  plastic  anlphar, 
vitreous  arsenious  acid,  and  barley-sugar,  which  gradually  change  fr<>m  transpareot 
amorphous  solids  to  opiiqne  aggregates  of  minute  crystals.  But  generally  speak !">»  >' 
is  in  the  passage  of  a  body  from  the  hqnid  or  gaseous  to  the  solid  state  that  the  r 
and  symniiitrical  arrangement  of  the  molccales  takes  place,  which  constitute*  cry 
sation.  The  vapoureof  many  snbstanoea,  when  they  oome  in  contact  with  cold  f)ur£seM 
pass  at  once  to  the  stato  of  crystalline  Bolids,  f.  g.  sulphur,  iodine,  benzoic  acid,  ine- 
nious  acid,  camphor,  &c.  It  is,  however,  in  the  transition  trom  the  liquid  to  tha 
polid  strife  that  cri,Htalliaation  most  frequently  t^ikes  place.  If  the  body  has  l»een 
brought  into  the  liquid  state  by  the  action  of  heat  alone,  it  may  be  made  to  crj'stidliie 
by  cooling,  e.ff.  bismuth,  stdphur.  To  obtaio  definite  crystali  in  this  manner,  tlie 
liqoiil  mass  is  allowed  to  cool  only  till  a  certain  portion  near  the  sttrface  and  in  contact 
with  the  sides  of  the  vessel  haa  become  solid,  a  hole  being  then  pierced  in  tb« 
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Hnd  the  Tfmel  inrriit^,  so  that  the  {wrtion  wbich  still  rtMnaiiu  liquid  ntT  run  out 
(i.  590).  A  aolid  l»odj  diMolTed  to  guturation  in  a  hot  lii^uid  may  also  be  made  to  cry»- 
tAlliM  bj  cooling;  f.  ^7-  snlphur  from  aolutioD  in  fnilphide  of  carlmn  ;  niti«  or  alam  from 
•olutioo  in  vater.  I'ho  crystalliHatioQ  of  a  solid  from  eolutJnn  maj  likevrise  he  effected 
bj  remoring  the  aolrent,  either  by  eTaporation,  or  by  adding  another  BubstAnce  with 
which  t^e  aolTeot  has  a  gre&ter  tendency  to  unite  than  with  th«  aubatance  prerioaflly 
diwolvvd  ia  it ;  is  this  mannor,  chloride  of  sodium  erystalliacs  from  its  aqueous  solatiou 
00  idditioo  of  chloride  of  ealciam ;  nitre  from  its  «qu«on«  solution  on  addition  of 
aleohol:  iodine  from  aolation  in  hydriodieacid  on  the  introduction  of  a  small  quantity 
of  chlorine. 

The  morv  slowly  the  liquefied  body  is  brought  back  to  the  solid  sta;t«,  and  the  more 
th«  liquid  is  kept  at  rest^  the  smaller  is  the  number  and  the  greater  the  size  and  re- 
gularity of  the  crystals;  but  if  the  solrent  be  cooled  or  e<>panited  quickly,  the  cr^'at&ls 
are  nnm<9«us  but  small  and  ill  defined.  In  the  former  case,  the  particles  of  the  solidi- 
fying body  hare  time  to  unite  theraselTc*  regularly  with  those  which  separate  first  trora 
the  fluid  and  form  nndet  of  crystHlli^ation ;  if,  on  the  contrary,  the  cry»»tallifiation  takca 
place  rapidly,  a  great  number  of  particles  solidify  at  the  same  time,  each  forming  • 
audeos  to  which  oth«r  portions  may  attach  thomselres,  and  thus  we  obtain  a  number 
dtrpHai*  Irregularly  formed  and  interlacing  each  other  in  all  directions.  In  this 
consists  the  diifcrence  between  flunr-caady  mid  loaf-sugar;  similarly,  all  eranular 
and  fibrous  bodies,  mich  aa  toSk  and  flbxoni  gypnun,  must  be  regarded  as  coUectiona 
of  impcrfi'otly  formed  cryatala.  To  obtain  eryatala  as  large  and  regular  as  postiiblc, 
Leblanc  recommends  (J.  P^ys.  h.  300)  to  allow  a  solution  not  quite  saturated  to  cool 
slowly,  eo  that  none  bat  distinct  crystals  may  b«  formed,  then  to  pick  oat  the  beat 
formed  of  these  and  lay  them,  aepoiate  from  one  another,  in  a  solution  of  the  same 
aalt,  which,  by  gentle  warming  in  contact  with  the  salt,  has  been  made  to  hold  in 
solution  a  quantity  of  it  just  a  little  greater  than  that  which  it  c^in  contain  at  the 
ordinary  temperature,  ao  thiit  it  may  oepoait  this  excess  on  the  crystala  kid  in  it. 
This  treatment  ia  repeated  till  the  crj'staLs  hare  obtained  the  desired  magnitude,  cure 
being  taken  to  turn  them  frequently,  because  the  surfaces  resting  on  the  bottom  nn 
in  a  Tcaa  forourable  position  than  the  others  for  taking  up  fresh  particles.  The  trouble 
of  repeated!/  prepanng  a  slightly  supersaturated  aolation  xamj  be  sared  by  auspending 
in  the  upper  part  of  the  liquid  a  quantity  of  the  salt  contained  in  a  bag  of  mualin 
or  in  a  ranoel  IireffiilArly  developed  ctystala  may  also  be  brought  to  regular  shajM^  by 
covering  the  ftilly  doTcloped  surfaces  with  wai.  so  that  only  the  (acea  which  requira 
farther  derelofNaent  may  come  in  contact  with  the  solution. 

TIm  fiirnmtioa  of  cryatala  takes  place  moat  readily  in  contact  with  bodies  which 
abatraet  heat  from  the  liquid,  or  to  which  the  ayatala  can  adhere.  Hence  they 
form  on  the  surface  of  the  liquid,  in  so  far  as  evaporation  and  cooling  by  the  in- 
fluence  of  the  air,  or  adheeion  of  the  air  to  the  crystals,  can  give  rise  to  their  pro- 
dnctioD;  also  on  the  bottoms  and  sides  of  the  containing  vesaela,  and  on  solid  bodiea 
immersed  in  the  liquid.  For  the  meet  part,  cr)-stalfl  depoeit  themselvee  more  eaaily  on 
wood  and  string  than  on  porcelain,  gliu»,  and  metal ;  more  easily  on  porcelain  than  on 
glasa,  and  genorally  more  easily  on  rough  than  on  smooth  Burface«,  because  the  former 
present  a  greater  number  of  points  of  :idhesion.  When  a  glass  tube  containing  a  cry^ital- 
lisable  liquid  is  scratched  with  a  glass  rod,  the  crystals  deposit  themselves  in  preference 
OD  the  scratches.  Ciystalliaatioo  ia  alao  efmecially  facilitated  by  introducing  into  the 
liquid  a  crystal  of  the  substances  previously  formed.  A  solution  saturated  at  a  high 
temperature  may.  under  certain  circumstances,  be  cooled  down  several  degrees  without 
depositing  crjAtals ;  but  the  introduction  of  a  crystal  of  the  subetonce,  cau^s  the  whole 
to  solidity  instantly  in  a  crystaUine  maaa.  This  phenomenon  ia  easily  exhibited  with 
Olauber's  salt.  (See  Soitttioxs,  SimBBATtTSATBD.)  In  like  manner,  the  introduction 
of  a  ayatal  of  nitre  into  a  solution  of  nitre  and  Glauber's  salt,  prepared  hot  and  sub> 
aequently  cooled,  causes  the  nitre  to  separate  alone ;  a  crystal  of  Glauber's  salt  remorea 
only  the  Olauber'a  salt;  whereas,  if  the  solution  be  left  to  itself,  both  salts  oystallise 
out  together,  the  oyitals  interlacing  each  other.     (Lowitx.) 

When  a  solution  evaporates  below  its  boiling-point,  the  first  crystals  are  usually 
deposited  on  the  sides  of  the  Teasel  at  tb«  appermoet  surface  of  the  liquid :  another 
portion  of  the  liquid  often  risee  through  tbMe.and  yields  by  evsponition  new  crystuls, 
which  ultimtitely  make  their  way  over  the  edge  of  the  vessel.  This  is  c  fflorescence. 
When  crystals  form  at  the  bottom  of  a  liquid,  a  current  is  produced,  because  tlie  in- 
dividual crystals  take,  from  that  part  of  the  solution  with  which  they  are  immediately 
in  contact,  as  much  of  the  salt  as  ia  possible  under  the  existing  circnrostances ;  conse- 
quently this  part  of  the  liquid  becomes  lighter  and  rises  to  the  surface,  its  place  being 
supplied  by  a  more  saturated  portion  of  the  liquid. 

When  a  body  crystaUisea  fiom  solution  in  a  liquid,  and  the  latter  is  not  completely 
removed  by  evapomtion,  there  remoba  a  portion  called  the  mother-liquor  (£111 
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mirfy  Mutterfavge),  This  liquid  liolds  in  solution  as  macl]  of  the  crystalH^ini^ 
body  as  ia  consistent  with  ita  quantity  and  temperatnre.  It  often  bflppens.  especially 
whi'n  crystullistttion  proceeds  rapidly,  and  the  crystalline  laminae  in  the  act  of  uniting 
Irtwe  small  spsccs  between  them,  that  small  and  (oiren  with  regarl  to  tlie  same  sal»- 
Bfance)  very  variable  quajititiea  of  the  mother-liquid  remain  endotcrd  in  the  crystal- 
lino  mass,  forming  the  Water  of  Decrtipitatinn.  Crystab  which  contain  liqui«lM 
thus  enclosed,  and  do  not  melt  below  the  boiling-point  of  the  mother-liquid,  exhibit, 
whfn  heated,  the  phenomena  of  Decrepitation,  the  vap<5ur  given  oflT&tjm  the  mother- 
liquid  bursting  the  crystalline  masswith  Tiolence.  This  water  of  decrepitation,  which, 
as  an  aceidontal  mecliani<»l  admixtupe,  baa  no  influence  on  the  form  of  the  crystal,  it 
alt/>g«'ther  different  fi:t>m  the  chemically-combined  water  wbieh  certain  ci7BtnlH  contain 
in  definite  proportion,  and  which  in  essential  to  their  crystalline  fi»rm.  Common  salf. 
ervitttllised  by  slow  eraporution  f^om  an  aqueous  solution  doea  not  decrepitate ;  but 
wfien  crystallised  by  rapid  boiling  of  the  liquid,  it  decrepitates  Tiolentlj.  Maoyforms 
of  caleapar  decrepitate,  othejs  do  not. 

If  a  solution,  in  addition  to  tho  cryBtallising  substance,  likewise  contains  other* 
which  are  less  easily  crystallisuble,  the  tutter  will  remain  in  the  mother-liquid  after 
tho  spparation  of  the  greater  part  of  the  fontier.  Thia  circumstanc«  ftmiiahea  a 
method  of  puriff'ing  easily  crystjillisablf»LHubi«tnnces  by  repeated  Bolation,  erystaUiaation, 
pouring  off  of  the  mother- liquid,  wiishing  with  »niall  quantities  of  the  cold  solvent,  and 
pRMing  between  blotting- jHiper,  In  this  method  of  purification,  the  fonnation  of  large 
crystals  by  slow  cooling  or  evaporation  ia  usually  preferred,  because  they  present  fewer 
Burfuces,  and  are  therefore  more  easily  freed  by  washing  from  the  adhering  mother- 
liquid.  Sometimes,  on  the  contrary,  as  in  the  French  method  of  purifyinp  s:iltpetre, 
the  »m;«lle6t  possible  crystals  are  formed  hy  constant  stining  and  rapid  cooling  of  tho 
hot  solution,  because  large  crystals  of  this  salt  contain  a  greater  quantity  of  mechani- 
cally included  mother-liquor,  which  cannot  be  removed  by  wuKbtUK* 

It  baa  already  been  stated  that  the  crystalline  form  of  a  body  bean  an  essential 
relation  \fi  its  nature  and  composition.  Accordin<rly  we  find  that  vretj  substanco 
ciyatalliaee  either  in  one  single  firm  or  in  a  number  of  forms  related  to  each  other  by 
simple  laws  and  derivable  one  from  the  other ;  in  other  words  belon|,^g  to  the  sam« 
crystalline  system  (see  Cbtstaxloorapht).  Many  bodies,  however,  both  simple  and 
compound,  crystallise  in  two  or  more  forms  belonging  to  different  crystalline  systrms, 
and  not  derivable  one  from  the  other;  such  bodies  are  said  to  be  dimorphous,  Iri- 
morphouB,  or  generally  polymorphous,     (See  Dtmobfuism. ) 

On  the  other  hand,  different  substances  often  crystallise  in  forms  cither  identical  or 
exhibiting  only  small  differences  in  tho  inclinations  of  the  corresponding  plani?!!. 
When  tho  forms  are  exactly  similar,  the  substances  are  said  to  be  isomorphoos, 
when  small  differences  in  the  angles  exist,  they  are  called  horaoBomorphona 
IsoDiorphoufl  or  homceomorijhons  compounds  exhibit  perfect  simDarity  of  chemical 
composition :  thus,  the  alums,  which  crystalliso  in  regnW  octahedrons  and  allied  forms 

are  all  composed  according  to  the  general  formula  ?1,[2S0*  +  12fvq.,  whcro  M  de- 
notes a  monatomic  metal,  like  potassium,  and  Ra  trintomic  metal,  like  aluminium; 
the  magnesian  double  sulphates,  which  crystalliBe  homtBtjmorphously  in  the  monoclinie 
systeni,  are  all  composed  analogously  to  sulphate  of  magnt'sium  and  potassiam 
K'Mp;"(SO<)*  +  6aq.  laomorphous  salts  are  capable  of  cryHtallming  together  in  any  pro- 
portion ;  in  other  words,  the  istimorphous  elements  which  enter  into  tham  are  oipable  of 

replacing  one  another  in  any  proportion ;  thus,  common  alum  Yi«  [  2S0*    +  12aq.,  and 

iron-alum,  p^wf2S0*  +  12aq.,  can  crystallise  together  in  all  proportions;  hence  it 
is  difficult  to  purify  common  alum  from  iron  by  crystallisatioo.     (See  Isouorpbish.) 

OSTSTiUbXiOOa&FBT  is  the  science  which  treats  of  the  external  forms  of 
crystals,  and  of  the  laws  of  symmetry  according  to  which  their  faces  axe  ilisposed. 

Crystals  are  bonnded  by  p  1  a  n e  fa c es.  The  straight  line  in  which  two  contitnoua 
faces  intersect  is  called  an  edge;  the  point  in  which  three  or  more  faces-  intervect  ia 
called  an  angle,  solid  angle,   or  summit  of  the  crystal. 

Blmllar  smd  Slsstmllftr  Boandariea.  Similar  faces  of  a  crystal  ar« 
those  which  resomblo  each  other  in  form  and  in  relative  position  :  dissimifiir.  tbnse 
which  diiier  in  either  respect.  Similar  edges  are  those  which  are  formed  by 
flimihirly  situated  facw?  meeting  at  equal  anglea  Similar  angles  or  summits  are 
tho-e  which  are  formed  by  the  concurrence  of  similar  faces  and  edges ;  angles  are  also  die- 
tincuished  as  thn^e-faced,  four-faced,  &c^  according  to  the  number  of  faces  by  which 
they  are  formed.  Tho  regular  octahedron  {/iff.  HB),  and  the  enbc  {fig.  160),  have  aQ 
their  faces,  edges  and  angles  similar;  the  rhombic  dodecahedron  {fig.  161)  has  all  its  fkect 


Fig.  149. 
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and  edgea  similar ;  but  ita  lolid  angles  are  of  two  kinds,  ris.  eigbt  8-£ieed  and  six 
4-(aced  angles.    The  sqnaM  priam  with  pyramidal  nunmita  {fig.  162)  haa  diam'milar 


Fig.lSl. 


Fig.\62. 


fiLcea,  triangnlar  and  reetangolar;  dissimilar  edges,  rix.  1,  those  formed  by  the  inter- 
section of  two  triangnlar  &ces ;  2,  those  formed  by  two  rectangular  faces ;  and  3, 
those  formed  by  a  triangnlar  and  a  rectangular  face;  and  dissimilar  angles  or  sum- 
mits, viz.  two  at  the  extremities  of  the  vertical  axis,  formed  by  the  concorrenee  of 
four  similar  triangnlar  faces ;  and  eight  others,  also  four-faced,  but  formed  by  the  inter- 
section of  dissimilar  faces  and  edges.  Angles  are  also  spoken  of  as  equal-  or  un- 
equal-edged, according  as  the  edges  which  meet  in  them  are  similar  or  dissimilar. 
An  anequal-edged  angle  may  also  be  symmetrical  or  unsymmetrical,  according 
as  the  dissimilar  edges  whidi  form  it  follow  one  another  in  regular  order  or  not  The 
foui^edged  angles  of  the  double  six-sided  pyramid  {fig.  163)  are  symmetrical,  but 
those  of  the  six-sided  priam  with  pyramidal  summits  {fig.  Ifi4)  are  unsymmetricaL 


Fig.lb^- 


Fig.l6i. 


Fig.  166. 


Simple  mnd  Oemplex  fliniis  (OoiBblB«tloBs\  Simple  forms  ai«  those 
which  contain  only  similar  faces,  St.  a.  the  regular  octahedron,  en  be,  and  rhombic  dc^ 
di-cahednm  ( j^.  149, 160,  161>    Complex  form%  or  oombinatioBS,  an  those  {Hl 
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•whicli  dissimilar  fuccB  owTir  (e.g.  fifft.  152,  164).  A  <!ombination  i»  miide  np  of  t 
eimple  forms  which  would  rvsuft  from  the  extension  of  one  set  of  similar  faces  till  the 
others  disiippettr;  thus  (/y,  165)  is  a  combination  of  the  ootuhodron  O.  and  the 
rliombic  dodecahedron  ocO.  If  we  ntippooe  the  0-fiice»  to  he  cit<^ndcd  till  thej  ni«-«'t, 
file  ooO-facea  will  disappear  and  the  octahodron  {fy.  149)  will  result;  converBely  the 
extensinn  of  the  faces  cuO  to  the  obliteration  of  tbe  others  produces  tho  dodeoohedroxi 

The  relation  of  a  complex  form  to  the  simple  forms  of  which  it  ia  made  iiP  mar 
also  be  represented  as  followH :  — Snpppose  two  or  mow  simple  fbrmo,  as  tlie  caoe  and 
octahedron  {Jige.  156,  157),  to  be  conatructed  round  a  (»muton  centre,  and  of  aucb 


Fig.  166. 


Fig.  157. 
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dimensions,  that  certain  parts  of  each  simple  torm  shall  project  bejond  the  limits  of 
the  otiier.  then  tho  oombiuation  (represented  by  the  shaded  portion  of  the  figures) 
occupies  that  jiortton  of  gjiace  which  is  conimoa  to  both  the  simple  forms,  thowj  po> 
tiona  of  each  being  excluded  which  pmject  beyond  the  space  enclosed  by  the  other. 

In  any  combination  of  simple  fonna,  the  one  whose  tncea  are  most  oereloped,  and 
consequt-ndy  determine  the  general  aspect  of  the  crystal,  is  called  the  dominant 
form ;  thus  in  the  combinution  above  represented,  the  dominaot  form  in^.  156  is  the 
octahedron  and  injii/.  167  the  cube.  The  other  (subordinate  or  secondary)  ftw-es 
are  described  according  to  the  msinner  in  which  they  aro  related  to  tho  dominant  faces. 

The  secondary  faces  of  a  cryBtal  may  rephice  either  tho  edges  or  the  angles  of  iha 
dominant  form.  If  tin  edge  is  replaced  by  a  face  which  makes  equal  angles  with  the  two 
contiguous  faces  of  the  crystal,  it  is  said  to  be  symmetrically  or  perpendicularly 
truncated;  if,  on  the  other  hand,  the  seeondaxy  face  is  unequally  inelined  to  the  two 
fiices  which  would  form  the  edge  of  tho  cryital,  the  edge  is  said  to  beobliqnely  trun- 
cated. The  <!ube  in  Jiff.  158  has  its  edges  perpendicnlarly,  that  ia  Jiif.  169  haa  them 
oMiqaely  truncated-  LF  an  edge  of  the  dominant,  form  is  rephiccd  by  two  similar 
Caces,  ttsia  the  cube  (Jig.  160)  it  Is  said  to  be  bevelled.  In  like  mnnner,  a  solid  angle 
or  summit  of  a  crystal  is  said  to  be  symmetricaUy  or  perpeodicularly  trun- 


Ftff.  IfiS, 


Fiff.  159. 
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catcd  when  it  is  rephjced  by  a  face  which  is  equally  inclined  to  all  tho  faces  compO' 
iiug  the  solid  angle;  obliquely  truncated  when  the  trunciiting  face  is  ujieqaailj 
inclined  to  those  faces.  Fig.  161  is  an  octahedroa  with  tho  summitB  syrnmetricnlly 
truncated.  Fay.  162  an  oblique  rhombic  prism,  in  which  the  solid  angle  to  the  rigM 
above  is  oblioiu'ly  truuciited  by  tho  face  +  P  »,  which  is  aneqaully  inclined  to  the 
faces  o?P  and  oP. 

The  fft<-e  which  replaces  the  solid  angle  is  said  to  be  set  (or  towst)  symmetrically 
y^jpcndicularly  on  an  edge,  when  it  Ls  equally  inclined  to  the  two  faces  forrainj; 
i;  obliquely  in  the  contrary  ease ;  iii^.  lt)2  the  tnmcatijig  face  +  P  as  is  aet 
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ijmmetrieallyor  perpendieolarlTon  the  prismatic  edge  to  the  rigfaty  obliqndiyoD  theedge 
lietween  oP  and  wP  to  the  right  in  front  The  &oe  replacing  tJbe  lOUd  angle  ia  said 
to  be  aet  (or  to  leat)  aymmetrieallT  on  a  &oe  of  the  j^  \i^ 

crystal,  when  the  plane  anelesiduch  it  makes  with  this  — 

bee  at  the  combination-edge  are  eqnal,  obliquely  if 
they  an  unequal;  thus,  in  fig.  163,  the  &ee  •«■  Pod 
ia  set  symmetrically  on  the  nee  oP,  but  obliquely  on 
the  fiice  obP  to  the  right  in  front 

A  solid  ang^e  replaced  by  a  number  of  £ieea  which 
together  make  a  more  obtuse  solid  an^  is  said  to 
be  acuminated.    The  number  of  the  aeumination- 

Fig.  16S. 


fiices  may  be  equal  to,  or  hal(  or  double  of  that  of  the  original  faces  of  the  summit 
Thus,  the  solid  angles  of  the  cube,  which  are  three-&oed,  may  be  acuminated  with 
three  feces,  tm  m  fig.  188, 

or  with  six,  as  in  fig.  164.  'V-  i^»-  Fig.  166. 

The  siz-fiiced  summits  fit  fig. 
166,  which  is  a  form  of  cafe- 
spar  (I  722),  are  sometimes 
replaced  by  three-faced  sum- 
mits, as  in  fig.  166. 

In  prismatic  crystals,  Ia 
such  as  are  extended  princi- 
pally in  one  direction,  th« 
terms  bevelling  and  acMRtna- 
tion  are  used  to  describe  th« 
conformation  of  the  extre- 
mitifis.  Fig.  167  i«  ft  six- 
sided  prism,  acuminated  at 
each  end  by  six  isosceles 
triangles,  P,  resting  sjrmme- 
tricafly  on  the  pnsmatio 
&ces.  Fig.  168  is  a  <|uadratie 
prism  acuminated  withrhom- 
bic  faces,  P,  resting  ^mme- 
trieally  on  the  pnsmatie 
ec^es.    Fig.  169  is  a  rhombic 

Eriiim,  whose  extremities  are 
erellcd  by  triangular  f^ow  P  e»,  rating  tjmmrMmSij  on  tke  acute  ptiamatk  edgaa. 
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Ib  all  perfectly  developed  dystals  (with  a  few  exeeptions,  to  be  aftenmds 
eoDsidered  as  cases  of  hemUiedry),  ereiy  face,  edge,  or  sninmit  on  ono  aide  or  ex- 
tremity,  has  an  equal  and  similar  face,  edge,  or  summit  opposite  to  it  at  the  other 
side  or  extremity  of  the  crystal,  and  if  the  opposite  snmmite,  or  tiie  middle  points 
of  opposite  edges  or  faces  *  be  Joined  by  straight  lines,  all  lines  so  drawn  will  cross 
one  another  in  a  single  point  called  the  centre  of  the  crystal  Lines  drawn  throng 
this  point  and  in  sudi  directions  that  the  faces  of  the  crystal  are  symmetzieally  dis- 
posed with  respect  to  them,  are  called  Axes. 

Similar  axes  are  those  which  terminate  in  similar  parts  of  the  crystals;  dissimilar 
axes,  such  as  terminate  in  dissimilar  parts.  In  the  regular  octahedron  {fig.  170). 
in  which  all  the  summits  are  similar,  the  three  axes  »»\  yy\  eg,  joining  those 
summits,  are  likewise  similar.  In  the  double  six-sided  pyramid  \ fig.  Ill),  the  hotiaontal 
axes  which  joLu  the  opposite  four-&ced  sonunits  are  similar  to  each  other,  but  dis- 
amilar  to  the  vertical  axis. 


Fig.  170. 


Tig.  171. 


Volj-flUilal  uid  Mono-axial  Vorma.    Poly  axial  forms  are  those  in  whidi  no 

single  axis  can  be  drawn  dissimilar  to  all  the  rest,  «.  y.  in  the  cube  and  regular  octshe- 
dron.  Those  forms,  on  the  contrary,  in  which  one  or  more  axes  can  be  drawn  diasi'niilar 
to  all  the  rest,  are  called  mono-axial.  If  only  one  such  singular  axis  can  be  drawn 
in  the  crystal,  it  is  called  the  principal  axis,  the  others  being  called  secondary; 
and  in  describing  the  crystal,  it  is  generally  supposed  to  be  placed  so  that  tiie  prin- 
cipal axis  is  directed  from  top  to  bottom  (vertically,  if  it  is  perpendicular  to  the  secon- 
dary axes).  If  two  or  more  axes  exist  dissimilar  to  all  the  rest,  neither  can  be  re- 
garded absolutely  as  the  principal,  but  it  is  usual,  for  convenience,  to  consider  one  of 
tiliem  as  such,  generally  the  one  in  whose  direction  the  crystal  is  most  elongated.  Such 
an  axis  is  called  arelative  principal  axis. 

In  mono-axial  forms,  the  edges  and  summits  through  which  the  principal  axis  passes 
■ze  called  terminal,  the  others  lateral;  thus,  in  ^.  171,  the  summits  A  A,  and  the 


*  The  mUUDa  point  of  ■  pUm  mrfam  Is  the  Mm*  m  ha  cmtre  of  grartty;  thus.  In  a  trUa^Ie,  It  b  ttw 
foiat  orintsneeooa  ofths  straight  Unet  drawn  frcn  the  angiw  to  the  centrei  of  the  oppotfte  sdei. 
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«dg««  A  B.  Bee.,  are  terminal :  the  nuamita  B  and  the  ed^  B  B»  which  join  them, 
are  UUral.    In  polyazial  funn«  thu  diatutctioD  does  Dot  rxlst. 

ICoa*  of  d««ortblaf  ■Impla  OrjstaUlnc  fbrma.  The  form  of  a  oyiital  is  de- 
termined hj  the  position  of  iu  fkcee  with  regard  to  certain  axes  siTen  in  position.  Snp- 
poae,  for  example,  that  the  crystAl  ia  ^mmetrieal  with  regurd  to  thrM  axea  crossing 
one  another  at  ri^ht  angkrs,  and  pHMvng  through  the  same  point,  viz.  the  centre  of  the 
crystAl  (p.  120):  then  the  position  of  each  hice  of  the  crystnle  will  he  giren  by  the 
diataoce  from  the  centre  at  which  it  meeta  the  thtr-e  axes ;  and  as  all  the  faoes  of  a 
■impli*  form  are  aimilar,  and  eimilarly  aitaated  with  regnrd  to  the  axes,  the  position  of 
thia  one  faee  will  determine  the  entire  form.  Thus,  if  each  facw  of  the  crystal  met>t«  the 
three  axea  at  cqoal  diataseea  from  the  centre,  we  shall  hare  a  Agure  bounded  b^  eight 
eqoal  eqoilataral  tiianglea,  tis.  the  regnlar  octahedron  (fi^.  170) ;  and  if  the  distiiuce 
at  which  the  faces  cat  the  axea  be  called  a,  ench  a  fignre  maj  be  denoted  bj  the  for- 
mula, a  :  a:  a.  A  fiioe  which  cuta  two  axea  at  eqnal  distances  from  the  ccntr«>,  and 
the  third  at  n  timea  that  distance,  will  in  like  manner  be  denoted  by  a  :  a  :  n  a.  If 
the  number  n  be  inflnitp,  the  fisce  in  qneation  will  be  parallel  to  one  of  thp  axes  (in 
other  words,  will  not  intersect  it  at  any  finite  dlKtance),  and  the  formxila  will  become 
a:  azBD  a,    A  face  parallel  to  two  axes  is  denoted  by  a  :  oo  a  :  a>  a. 

Xoaes.  A  number  of  faces  of  a  crystal  parallel  to  either  of  the  axM  are  said  to 
form  a  sone^  or  to  lie  in  the  same  sone;  thos  the  cube  {Ji^.  loO)  hjis  four  faces 
parallel  to  each  of  the  axea  paasinc  through  the  middle  points  of  its  fidM;  so 
ukewiae  each  axis  of  the  regular  octahedron,  joining  the  centres  of  the  opposite  edges, 
has  a  Eone  of  four  faces  parallel  to  it ;  the  six  prismatic  iaces  of  the  ordinary  form 
of  rock-crystal  (fg.  154),  form  asone  parallel  to  the  Tertical  axis.  The  face*  of  a 
Bone  cot  one  another  in  edges  parallel  to  eaeb  other,  and  to  the  axis  of  the  zone. 

Bololiedrmi  and  Bemltaedral  forma.    A  siinple  fonn,  bounded  by  the  greatest 

number  of  aimilar  faces  that  am  be  armnged  io  different  directions  round  the  com-* 
mon  centre,  is  called  a  holohedral  (fiiiiy  developed)  form;  thus,  the  greatest  num- 
ber of  ftees  that  can  meet  three  rectangular  axes  ut  equal  distances  from  the  point  of 
interaeelion  is  eight,  the  reaulting  figure  being  the  regular  octahedron  (^.  170).  which 
ia  thcraforea  hobhedral  form ;  hot  mar  auch  faces  are  sufflcient  to  form  a  closed  figure, 
rvt.  the  regular  tetrahedron  (Jiff.  190).  Such  a  form,  enclosed  by  only  half  the  nom> 
Yxer  of  fsces  that  might  be  drawn  round  the  centre,  according  to  tlie  law  which  deter- 
mines their  position,  is  ruUcd  a  hemihedral  form  (half-developed).  Simple  forms 
also  occur,  containing  only  one-fourth  of  the  number  of  faece  that  might  exist  accord- 
ing to  th«  given  Law  of  symmetry ;  such  forms  are  called  tetartobedral. 

•liniito  Orjmtaia  and  Vvia  Cryatala.  Holohedral  erystals,  whose  faces  are  all 
symmetrically  disposed  about  a  single  system  of  axes  are  called  simple  crystals  (an 
expression  not  to  be  confounded  with  tinrpit  farm).  Ciystjds  are,  howeTer,  frequently 
net  with,  the  opposite  sides  of  which  iire  symmetrically  disposed  round  <liffVrent  sys- 
tems of  axes,  filnch  crvstala  are  called  twins  (also  m  ac  1  e  s) :  they  may  be  regarded  as 
aggregates  of  two  simple  cr^-stols,  baring  their  axes  more  or  less  inclined  to  each  other. 

(SiratailogrAplUo  Bystema.  The  number  of  crystalline  forms  oceoiring  in  na* 
tore  and  prodoeed  by  artiflcial  processes,  is  so  large,  that  some  mode  of  classifying  them 
is  absolutely  necessary.  All  systems  of  classification  are  founded  on  the  symmetrical 
doTelopment  of  crystals  with  regard  to  certain  axes. 

The  form  of  any  soUd  whatever  may  be  determined  by  referring  it  to  three  recti- 
lineal axes  intersecting  one  another  in  a  single  point :  and  with  re^^nrd  to  crystals,  ob- 
■cnration  shows  that  some  are  symmetrically  developed  about  three  axes  intersecting 
one  another  at  right  angles;  others,  witk  respect  to  axes  more  or  less  obliquely  in- 
clined to  each  other:  the  former  are  called  orthometric,  tbe  latter  clinometrie 
forms.  Of  the  orthometric  forma,  some  are  equally  developed  in  the  direction  of  all 
tbree  axes,  others  equally  in  two  only,  others  unequally  in  all  three.  Soma  forms 
(the  hexagomil)  are  more  conveniently  referred  to  a  system  of  four  axes.  On  these 
different  modes  of  development  are  founded  the  following  seven  crvstiillographic  systems: 

L  The  Hon  ometric  or  Regular  ^rstem,  the  forms  of  wLich  are  symmetrically 
disposed  about  three  rectangular  axes,  aU  of  equal  length, 

II.  The  Dimetric  or  Quadratic  syHtcm,  the  forms  of  which  are  symmetric  about 
three  rectangular  axesi,  two  of  equal,  the  third  of  different  length, 

III.  The  Hexagonal  system,  the  forms  of  which  are  eyrametrie  about  four  axes, 
three  of  which  aire  of  equal  length,  sittiated  in  the  same  plane,  and  inclined  to  one 
another  at  angles  of  60°,  while  the  fourth  is  of  different  length  and  at  right  angles 
to  the  plana  <Mf  the  other  threei 

IT.  The  Trimetric  or  Rhombic  system,  indudlng  the  forma  whichi  are  symmetric 
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V.  The  Monoclinic  system,  including  the  forma  which  are  symmetric  aboat  thtrt 
axes,  two  at  rigltt  angles  to  each  other,  the  third  ^tho  priucipal  azia),  p<>zpendicTiJar  to 
one  of  them  and  oblique  to  the  other. 

VI.  The  DiolJnic  systeni,  ineluding  forms  which  are  symmptric  about  three  axea^ 
two  of  whicli  are  at  right  anglee  to  each  other,  and  the  thoid  oblique  to  both. 

YIL  The  Triclinic  eyatom^  including  forma  Bjmuietric  ulKiut  three  axes,  aE 
oblique  to  each  other. 

The  fijBt  system  compriaea  tBe  polvaiial  forma;  the  second  and  third,  forma  with 
alidotuta  principal  axis  ;  the  others,  the  mono-axial  forma  with  rt^ative  principal  axis. 

Forms  belonging  to  the  same  cryataUographic  ayetem  axe  rekted  to  each  other  hj 
l«Tcral  natural  affinitiea. 

1.  It  is  only  the  simple  forms  of  the  sarM  tyttem  that  am  combint  into  a  eomptet 
'  form. — For  in  all  fiiUy  dexeloped  (bolohedraJ)  natural  crystala,  it  is  found  that  all  the 
I  similar  parts,  if  modified  at  ail,  are  modified  in  an  exactly  similar  maniier  (in  herai> 

hedral  forma,  half  the  aimilar  edges  and  angles  alternately  situated  are  similarly  mo- 
dified). Now  this  can  be  the  ease  only  when  the  dotninont  form  and  the  modifying 
fbrm  are  developed  according  to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a 
wgnlar  octahedron  are  developed  round  the  same  system  of  axes  (as  in^«.  166,  167), 
«adi  flnmmtt  of  the  cube  is  cut  oif  to  the  same  extent  by  a  face  of  the  octaliedron, 
or  vice  mrsA,  Sut  a  cube  could  never  combine  in  this  manner  with  a  rhombic  octa- 
hedron, because  it  would  be  impossible  to  place  the  two  forms  in  such  a  manner  that 
•imilar  parts  of  the  one  should  throughout  replace  aimilar  parts  of  the  other. 

2.  Crystals  bdonffing  to  the  same  system  are  intiviaUly  related  in  their  optical 
propertifs, — Ciystali  belonging  to  the  regular  system  (as  tlio  diamond,  alum,  rock-salt, 
&c.),  refract  li^ht  in  the  same  manner  as  amorphous  bodies  ;  that  is  to  say,  they  hav* 
but  one  refractive  index,  and  a  ray  of  light  passing  throogh  them  in  any  direction  is 
refracted  singly.  But  all  other  crystals  reftiact  doubly,  that  is  to  say,  a  ray  of  light 
passing  through  them  (except  in  certain  directions)  is  split  into  two  rays,  the  one 
ctiUed  the  ordinary  ray,  being  refracted  as  it  would  be  by  an  amorphous  body,  the 
other,  called  the  extraordinary  ray,  being  refracted  according  to  peculiar  and  TO0r« 
eomplcx  laws  (see  Light).     Now  the  crystals  of  the  dimetric  and  hexagonal 

KHtems  (those  with  an  absolute  principal  axis)  resemble  each  other  in  this  respect, 
at  in  all  of  them  there  is  otk  direction,  called  the  optic  axis,  or  axis  of  double 
refraction  (coinciding  with  the  principal  cryHtallographic  axis),  along  which  a  ray  ot 
light  is  refracted  singly,  while  in  all  other  directions  it  is  refi^acted  doubly;  whereas 
in  crystals  belonging  to  the  other  systems,  viz.  the  trimetrie  and  the  three  clinometrie 
systems,  there  are  slways  tu>o  directions  or  axes,  along  which  a  ray  is  singly  refracted. 

3.  Crystals  bdonffing  to  the  same  system  resemble  each  other  in  their  mode  of  am- 
dveting  heat.  —  Amorphom  bodies  and  crystala  of  the  regular  system  conduct  heat 
equally  in  all  directions,  so  that,  supposing*  centre  of  heat  to  exist  within  such  a  bodj^ 
the  isothermal  surfaces  will  be  sphf^rcs.     But  crystals  of  the  dimetnc  and  bexagoM^H 
systems  conduct  equally,  only  in  directions  perpendicular  to  Che  principal  axis,  so  thi^| 
in  such  ciystals  the  isothermal  surfaces  are  ellipaoids  of  revolution  round  thut  axis; 
and  crystsJs  belonging  to  either  of  the  four  other  systems  conduct  unequally  in  aU 
directions,  so  that  in  them  the  isothermal  Btufocea  ore  ellipsoids  with  three  ouequal 
axes.    (See  Hxat.) 

Monometrlo  or  Bernlar  SyBtem. 
2>«»ii&r,  Isometric,  or  Cuhie  Syst-rm. — All  forms  of  this  system  are  similarly  and 
equally  developed  in  three  dirpctions  at  right  angles  to  each  other ;  in  other  words, 
they  are  symmetrical  about  three  leotangular  axes  meeting  in  a  common  centre.  The 
fiOidtion  of  each  face  is  detenninod  by  the  distances  from  the  centre  at  which  it 
mefts  the  three  axes  (p.  121.)  the  following  being  aU  the  cases  that  can  occur:  —     - 

A.  L  Euch  face  (extended  if  necessary)  meets  oU  three  axes  at  equal  distances  fr^ra 

the  centre :  the  formula  of  such  a  face  is  a  :  a  :  a. 

B.  Each  face  meets  two  of  the  axes  at  equal  distances  from  the  centre,  and  the  third 

at  a  different  distance : 

2.  Each  face  meets  two  of  the  axes  at  an  infinite  distance  from  the  centre  (i,  e,  it 
is  parallel  to  these  two  axes),  and  the  third  at  a  fiuite  diiitance.  Formula 
a  :ao  a  :  oao. 

3.  Or  two  axes  at  equal  and  finite  distances,  the  third  at  an  infinite  distance, 
aiazooo. 

4.  Or  two  axes  at  equal  and  finite  distances  from  the  centre,  the  third  also  at  ■ 
finite  but  less  distance.     Formula  a  :  ma  :  ma  [m>\]. 

6.  Or  two  axes  at  equal  and  finite  distances,  the  third  at  a  greater  distance. 
Formula  at  ax  ma  [m>  1]. 

C.  Each  face  cuts  the  three  axes  at  diff«rent  distances  from  the  centre : 
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S.  Two  060  st  flnit«,  Uip  tJiird  at  an  i&fluit«  dutonce,  mi  ma:  ao  a, 
7.  AH  three  «t  fioita  dl»ttinccs.  a  :  m  a  :  a  a. 

We  DOW  pioceed  to  determine  the  form*  pven  by  these  MTeral  oooditiona. 

1.  Ttiti  form  in  which  ench  fac«  m«et«  all  tlie  three  axes,  xo-,  t/i/,  tx,  at  equal  dlatanct^, 
ar,  from  tiie  centre  is  eridontiy  bounds  hj  eight  equilateral  trianglev.  This  form  ib 
the  regular  octahedron  (Jig.  172).  It  has  twelve  equal  edgM,  in  whieb  the  faceH 
tiiiH>t  eudi  other  ataagleaof  109^  28'.  and  lix  equal  four-iaced  eolid  unglMOrsummita, 
tiirough  which  the  axra  paM.  A  rammit  thus  ntnated.  in  any  form  of  the  r<«^diir 
kyKtem,  is  called  an  octahedral  summit;  where  such aummita  occur,  tliej  are alwaja 
six  in  number. 

The  cryatalkignphic  formula  of  the  n^golar  octahedron  aa:  a:  a^  usually  abbre* 
Tiated  into  the  symbol  O. 

The  regular  octahedron  is  the  form  of  many  crystals,  both  natural  and  artiflriul; 
t.g.  red  copper  one,  magnetic  iron  ore,  alum,  ehrome-alum,  sal-ammoniac  crystal- 
liiied  fiom  its  aqueoas  solution,  chloride  of  sodium  &om  a  solution  contaiaiug  urn,  Ace. 


Fig.  172. 


Fig.  173. 
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2.  The  simple  form  a  :  oi  a  :  od  <t,  or  oa  O  00,  tn  which  each  fuce  mcefs  one  axis  at 
the  Bnite  distance  a,  and  is  parallel  to  the  other  two,  i»  evidently  the  cube  ur  hexa- 
hedron C/J<?.  173),  boondodby  six  equal  fiiees,  intersecting  one  another  at  right  Ri^.'h'S, 
and  each  having  the  form  of  a  square.  It  has  twelve  equal  edges  meeting  one  another 
at  right  angles,  and  eight  three-faced,  equal-edged,  solid  ang;lc«  or  sammlt«»  situated  in 
each  octant  at  equal  distances  from  the  thr«e  axes.  8ummita  so  situated  are  called 
hexahedral  or  cubic;  in  holohedral  crystals  ther are  always  present  to  the  number 
of  eight,  if  at  all  '  *^ 

Cubic  forms  are  frequently  exhibited  by  binrauth.  chloride  of  sodium,  iodide  and 
chloride  of  potjissium,  sal-ammoniac  crystallised  from  a  solution  containing  urea ;  also 
by  fluor-ipHr,  fpilenn,  aad  other  minerxle. 

The  cube  and  octahedron  are  often  found  combined  together;  the  one  m  the  other 


Fig.  174. 
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form  predominating,  aoeordiog  to  th*-  relative  length 
of  thfir  axee  (figs.  156,  167,  p.  220).  If  the  axes 
of  the  cube  are  lees  than  half  as  long  as  thow  of  the 
octahedron,  the  combination  is  a  modified  cube,  like 
that  in  fig.  174.  li;  on  the  contrary,  the  axes  of  the 
cube  are  more  than  lialf  as  long  as  those  o(  the  oc- 
tahedron, the  combination  is  a  modifled  octahedron 
{Jig.  176).  If  the  axes  of  the  cube  are  exactly  half 
as  long  as  those  of  the  octahedron,  the  farea  of  the 
two  forms  meet  only  in  points,  and  the  combioatiou 
is  that  shown  in  fig.  176,  eiOled  the  middle 
crystal.  It  has  twelve  awnmits,  each  of  which 
is  situated  in  the  plane  between  two  of  the  axes, 
and  at  equal  distances  from  them.  All  summit* 
thus  situated  in  forms  of  the  regular  system  are  said  to  be  situated,  "  like  the  «tijnniita 
of  the  middle  crystaL" 

S.  The  formula  a : « :  oo  a,  or  «  O,  represents  a  solid,  each  of  whose  faces  meets  two  of 
the  axes  at  equal  distances,  a,  bom  the  cfntre.  and  is  parallel  to  the  third  ;  it  must 
therefore  have  twelve  faces,  four  paraUel  to  each  axis.  To  define  its  form  more  parti- 
cularly,  draw  the  system  of  rectangular  axes  s  9',  g  y' ,  t  e\  meeting  in  C  ifig  77), 
and  set  off  on  them  the  points  x,s>,  y,xf,  t,g',  aU  at  equal  distances  from  C,  Now  the 
face  ^txmms,  through  *  ;/,  and  porftllel  to  x  y,  will  interaect  the  face  passing  f  hrouch 
i>  g,  and  paraUel  to  r  x',  in  the  line  a  J,  also  paraUel  to  x  j'.    SiauUl^  the  faces 
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Fiff,  176, 


Fff.  179. 


parallel  to  vyf,  and  paflsing  respectiTely  through  MX^ifx,  will  intersect  in  df  paaHel 
to  y  y,  and  uie  lines  «/  «'/>  m  which  tiiese  pairs  of  &ces  intersect,  form  two  edges 
of  the  crystaL  Eiitending  tiiis  constroction  aU  round  the  axes,  we  find  that  tlie  fonr 
lisces  meeting  in  r,  and  the  four  meeting  in  x',  would,  if  extended  till  they  intersect, 
form  a  doable  four-aided  pyramid,  represented  in  fig.  177  and  by  the  dotted  lines  in 
fig.  178.  But  there  are  still  the  faces  parallel  to  «  jt'  to  be  drawn.  One  of  these  &ces 
passes  through  the  line  x  y,  and  its  position  may  be  determined  by  drawing  through 
the  middle  point  of  x  y  {fig.  178),  a  line  t  k,  parallcd  to  «  s',  which  will  ent  the  edge 
s/of  the  pyramid  in  its  middle  point/;  and  by  joining  this  point  with  the  points  jt,  y. 

Fig.  177. 

z 


we  obtain  two  edges  of  the  required  form,  tx,ly.  A  similar  construction  earned  out 
in  the  other  parts  of  the  figure  finally  gives  the  rhombic  dodecahedron  (also  called 
granatohedion).  It  has  twelve  rhombic  faces,  with  phue  angles  of  109°  28'  and  70^  32', 
and  diagonals  in  the  ratio  of  1  :  ^/2.  The  edges  are  all  equaL  The  summits  are 
fourteen  in  number,  six  4-faced,  octahedral  summits,  A.(fy.  161),  formed  by  the  meet- 
ing of  the  acute  angles  of  the  rhombuses,  and  eight  S-fieuced  cubic  summits,  B,  fonned 
by  the  meeting  of  the  obtuse  edges  of  the  rhombuses.  The  dihedral  angles  fonned 
by  the  meeting  of  the  faces  are  idl  equal  to  120°. 

The  dodecahedron  sometimes  occurs  alone  in  artificial  crystals,  more  fireqnently  in 
combination ;  in  minerals  it  is  more  common  as  a  simple  form,  as  in  garnet. 

The  three  forms  above  described,  the  regular  octahedron,  cube,  and  rhombic  dodeca- 
hedron are  unique  in  their  kind ;  that  is  to  say,  all  individuals  of  each  species  must 
be  exactly  similar  to  each  other ;  there  can  be  no  variation  either  in  the  plane  angles 
or  in  the  inclination  of  the  faces.  This,  indeed,  is  sufficiently  evident  fiom  the  for- 
mulae, which  admit  of  no  variation,  and  firom  the  mode  of  construction.  But  in 
the  remaining  four  forms  of  the  r^ular  system,  the  formula  of  which  contain  nu- 
merical coefficients  admitting  of  variations  in  magnitude,  this  constant  of  shape  no 
longer  exists ;  and  accordingly  we  shall  find  that  3ie  angles  vary  with  the  magnitude 
of  the  coefficients  in  the  formula. 

4.  The  formula  a  :ma:  ma,  or  mOm,  represents  a  solid,  each  of  whose  faeta  meets 
one  axis  at  the  distance  a  from  the  centre,  and  the  other  two  at  the  greater  distance  m  a. 
Draw  a  aystem  of  rectangular  axes  {fig.  179),  and,  taking  for  example  fi»  »  2,  mark  off 
single  and  double  distances,  x,  2x,  &c.,  on  each  of  the  three  axes.  It  is  then  easy  to 
see  that  the  position  of  one  face  will  be  determined  by  a  plane  passing  through  the 
pdnts  y,  2g,  2x;  a  second  through  y,  2g,  2i^;  a  third  through  y,  2^  21^  *;  and  a 

The  poinu  «'.  g',  x'.  Ac.  (not  thown  In  the  Ogan)  are  toppoMd  to  be  on  tb*  pfwlisruillmw  of  Um 
iCt  f  C,  sC,  u  In  the  preceding  ft|ut«. 
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fourth  tfironeli  y,  it',  2x:  tbat  is  toaaj,  there  vUl  befoorfaeea  meeting  at  the  point ^ 
ftAd  in  liko  manner  tbare  irill  be  foor  Item  meetiiig  in  each  of  the  poiota  x,  s',  y\  r,  y, 
or  24  in  all,  three  in  each  octaut. 


i^.  179. 


Kurt  Iter,  the  face  y,  2*,  2x,  will  ine«t 
th««  face  y,  If,  2**,  in  the  line  y,  2*» 
an'i  the  face  t,  2y.  2jr  will  meet  the 
Qm^  X,  2  V.  2^  in  the  r,  2y,  meeting 
f,  2r  in  the  point  e.  Thus  the  odgei^ 
cy,  ce,  flituted  in  the  plane  y#, 
are  determined  ;  and  a  similar  eon- 
fltmotion  givee  the  edges  a  x,  a  y, 
and  f>  X,  b  M.  Next,  to  find  the  in- 
tersections of  the  three  faces  in- 
duded  witlun  the  octant  x  y  e.  The 
face  X,  2x,  2y,  intenecte  y,  '2x,  2#  in 
tb<>  line  e,  2x,  joining  2x  with  the  ' 
ioterfecdon  of  t,  2y,  and  y,  2r ;  the 
face  J,  2y.  2s,  me«t«  y,  2f ,  Ir  in  the 
line  drawn  from  24'  to  a,  the  inter- 
•eetioD  of  *,  2y,  and  y,  2x ;  and  'i  « » 
2y,  2x  meetar,  2x,  2y  in  the  line 
drawn  from  2y  to  b,  the  intersection  of  x,  2r,  ud  r,  2r.  This  constraction  gires  the 
intenectioua  shown  bj  the  dark  lines  in  the  fignrei,  and  determines  the  form  and  poai- 
tioo  ot  the  three  (acee  in  the  octant  *y  '\  and  the  same  oonstmction  repeated  in  the 
other  octants  girea  the  form  ahown  in^«.  180»  181,  which  ia  called  theikofi-tetr»- 
Fig.  180.  Fig.  18L 
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hedron  (alao  leacitobedron  and  trapezobedron).  It  ia  bounded  l>j  24  deltoids  (qua* 
drilaterals  baring  two  oneqiul  paira  of  equal  sides),  and  haa  26  summits,  which  are 
of  three  kinds;  Ttz.  six  4-faced,  equal-edged,  octahedral  summita.  A;  eight  3-faced, 
equal-edged,  cubic  summita,  B ;  and  twelve  4-faced  ^rmmetric  summita,  C,  situated 
like  the  summits  of  the  midtlle-crystal  (p.  123)-  It  has  also  48  edges,  which  are  of 
two  kinda,  ria.  24  longer,  A  C,  joining  the  octahedral  with  the  symmetric  aummita, 
and  24  shorter,  B  C,  joining  the  cubic  with  the  eymmctric  smnmitSv 

The  ikoai-tetrahedroD  is  the  Intermediate  form  between  the  octahedron  and  the 
cube ;  for  m  >  1,  it  coincJdee  with  the  octahedron ;  for  m  —  « ,  with  the  cube.  The 
nearer  n  \*  to  1,  the  morr  do  the  three  fnc«*«  in  each  oct^tnt  full  into  one  plane,  and  the 
mofe  nearly  m  »  od.  the  more  do  the  four  facet*  round  each  octahedral  summit.  A,  fall 
into  one  pf&ne,  the  limit  giving  a  cube.  The  inclinatioD  of  the  faces  to  one  another 
in  the  longer  and  ahorter  edgea  ia :  — 

AC  BC 

In  2  0  5  1310  43'  1430  27/ 

»  3  0  S  144    64  129    31 

The  form  2  O  2  ia  found  alone  in  leucite,  analcime,  and  other  minerals;  3  0  3  rarely,  in 
natire  gold,  silTer,  &c.  In  artiflcial  ciyatals,  the  form  2  0  2  ocdua  combined  in  chrome- 
alum  and  common  alum,  when  a  crystal  is  immersed  in  a  «aturat<Hl  solution  mixed 
with  a  little  hydrochloric  acid  alightly  heated,  so  that  the  edges  may  be  diasolred  o^ 
and  then  left  to  oooL 

6.  Formula  a:  a:  ma,  or  m  O,  each  face  meeting  two  axes  at  the  distance  a  tram  the 
centre,  and  the  third  at  a  (rroater  distance,  m  a;  m  being  either  a  whole  number  or  a 
fimction  graater  than  1.  Tliii  form,  like  the  precedini^  has  24  faces,  3  in  eAch  octant. 
k  WMtimlinii  similiir  to  the  preceding,  and  sufficiently  indicated  by  the  full  and 
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dotted  lines  in  fig.  182,  sbovs  that  the  solid  is  bounded  by  24  isosceles  triangnlar  &ee% 
and  has  the  appearance  of  an  octahedron  with  tnangnlar  pyramids  erected  on  its  fSscea. 
This  form  is  called  the  triakis-octahedron  (also  pyramidal  octahedron,  giilenoid). 
Fig.  183  shows  the  form  20. 

The  triakis-octahedron  has  14  sanunits,  six  of  which.  A,  are  8-£used,  BymmetrM^ 
and  octahedral,  and  eight  3-faced,  equal  edsed,  and  cubic,  B.  The  edges  are  also 
of  two  kinds ;  12  A  A,  joining  the  octahedral  summits  and  forming  the  bases  of  the 
isosceles  triangles ;  and  24  A  B,  joining  the  octahedral  and  cubic  siuninits,  and 
forming  the  equal  sides  of  the  triangles. 

The  triakis-octahedron,  a\a'.  ma,  is  thd  intermediate  form  between  the  octahedron. 
a',  a:  a^  and  the  rhombic  dodecahedron,  a  :  a  :  oo  a. 

The  plane  and  dihedral  angles  vary  with  the  value  of  m,  as  in  the  following  ex- 
amples :  — 

|0  20 

Plane  angles  at  vertex  of  isosceles  triangles  .        .    119°  14'  118**  4' 

Plane  angles  at  base  of  triangles  ....      80  23  30  58 

Dihedral  angles  A  A 129   31  162  39 

Dihedral  angles  A  B 141     3  152  44 

6.  Formula  a  :  nut :  oo  a,  or  mO  »,  each  face  meeting  two  of  the  axes  at  unequal 
distances  and  being  parallel  to  the  third.  To  determine  the  number  of  faces  in  tbis 
form,  mark  ofl^  on  tiie  system  of  rectangular  axes  {fig.  184,  supposing  m  —2)  single  and 
double  distances  on  each  of  the  axes  measured  fix>m  C.  Then  there  will  be  four  facra 
passing  through  the  point  1  y,  two  parallel  to  x  x\  through  the  points  2  e  and  2  z',  and 
two  puallel  to  #4^,  tnrough  the  points  2«,  2x';  and  since  the  crystal  is  equally  dere- 
lopea  in  the  direction  of  dl  the  uree  axes,  there  must  be  four  similar  faces  meeting  in 


^.184. 


Fig.  186. 


-■"iX 


eadi  of  the  points  5^,  «,  «^,  #,  /,  that  is  to  say.  twenty-four  faces  in  all ;  and  by  eon- 
■tmetiBg  Moh  octant  in  tiie  same  manner  as  for  the  preceding  formulse^  the  form  ii 
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fbnnd  te  b*  a  solid  (Ja.  186),  boTUidfd  by  !24  isosceles  trianglM,  haring  14  sQmnut«v 
rijL  four  4-ficed  eqiuiI-edgM  octdiedral  sumroit«,  A,  and  eight  6-fac«l  symiuetric. 
cabie  Bomtnita  B.  It  baa  86  edgea,  12  longer,  B  B,  uniting  tho  caksic  Bommits,  and 
2i  shorter,  A  B,  joining  the  octahedral  with  the  cubic  suramita.  Thia  figure  ia  tbo 
tetrakis-heziinedron.  It  ia  intermedinte  between  the  dodeeuhcdron  a  :  a  :  oc  a, 
•nd  the  cuIm>  a  :  oo  a  :  od  o.  In  the  mon  commonly  occurring  rurietitiii,  the  pkne  and 
dihedral  angles  are : 

20ao  30  oo 

Pljue  •l]gl^  A,  at  rertrx  of  isoBCples  triangles  83°  38'  86°  59' 

Plane  angles,  B.  at  base  of  trianglea        ...      18    11  46   30 

Dihedrtd  aoglea,  A  B 143     8  164     9 

Dihedral  aD^ea,BB 143     8  120  62 

Th^  form  20oo  occurs  uncorabincd  in  native  gold  and  silTer;  SOm  in  fluor-spar. 
In  artificial  crjstala  theae  forms  occur  but  seldom,  and  then  only  rabordinate  to  olbera, 
M  for  example  in  sulphantimonate  of  aodium  (Schlippe's  salt),  aiul  in  rock-mtlt  which 
has  been  exposed  to  moist  air.  Faces  baring  the  dispositioa  of  tliid  form,  but  in  only 
half  the  full  number,  are  of  more  frequent  occurrence. 

7.  Formula  a  :  ma :  na,  or  mOn.  "Each  f&ce  meets  the  three  axrs  at  unequal  but  finite 
distances.  Such  a  form  must  hare  48  faces;  for  through  each  axial  extremity  2  faces 
can  be  drawn  in  each  of  the  four  conti^ous  octanta,  r.y.  from  ;  abore,  one  fsce  fw^f- 
ing  through  the  point  ma  or  x  to  the  nght,  and  na  or  y  in  front,  and  another  through 
na  or  X  to  the  right,  and  ma  or  v  in  front ;  thiirefore,  4  x  2  »  8  through  each  axial 
«-xtremity,  and  6  <  8  —  48inalL 

To  determine  the  form  of  these  fecee,  draw  the  system  of  axce  as  before,  and  taking 
as  an  example  the  form  1  :  | :  3,  or  {03,  mark  off*  on  each  axis  {fy.  186),  both  ways,  the 
diataneea  1,  {,  and  3.  The  fiice  #  :  |j^ :  3x,  forms  with  the  face  '^ :  $V  :  Sx'(not  drawn 
in  the  figure ),  an  edge  in  the  direction  g,  |y.  The  same  face  r.  1^  :  3x  intersects  the 
face  *,  3v,  }r  in  the  directjon  ra^  drawn  through  r  and  the  intersection  of  the  lince  Sy,  3x, 
and  3y,  |x;  and  lastly,  it  intersects  the  face  y,  %',  3x,  in  the  direction  b,  Sx,  where  h 
ia  the  point  of  intersocb'on  of  the  lines  *,  |y,  and  y,  |x.  The  face  thus  determined  is 
a  triangle,  and  in  like  manner  the  position  of  the  fire  other  faces  in  the  octant,  '  y  x, 
may  be  determised.     The  result  extended  symmetrically  to  aU  the  other  octants,  is  the 

**  Fiff.  187. 


form  repPPs^Tited  in  fig,  187,  bounded  by  48  scalene  triangles.  This  figure  ia  called 
the  Hexakisoctahedron  (also  Mrakonta-octahedran,  adamantoid.  &t).  It  has  26 
summits  of  three  kinds,  jiz.  eight  6-fiiced  symraetrical  octahedral  summits  A,  through 
which  tho  axns  paas;  six  S-faci^l.  cubic  summits  B ;  and  twelve  4-&cedBymmetrie8am- 
mits  C,  situated  like  those  of  the  middle  crystal  (p.  123).  Its  edgea  iure  72  in  num- 
1«T.  and  likewise  of  three  kindu,  vix.  24  t-dgee  A  C,  uniting  the  octahedral  with  the 
lbnr-fttee<l  snmmJts ;  24  edges  B  C,  uniting  the  cubic  with  the  four-faced  summits, 
and  24  edges  A  B.  uniting  the  oetahednd  with  the  cubic  summits. 

The  plane  and  dihedral  angles  of  the  figure  vary  with  the  magnitudes  of  m  and  it : 
lor  the  most  commonly  occurring  forms  tliey  are  as  follows : 

30| 
Plane  angles  A  of  the  scalene  triangles    .         .     86°  49* 


B 
C 

Dihedral  anglei 


AC 

BC 
AB 


66 

86 
149 
158 
168 


204 

39°  48' 
64    22 
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The  form  204  often  ooenn  Tety  predominant  in  crygtalB  of  flaar>«par;  SOf  in  garnet. 
Diamonds  are  also  foond  having  the  form  of  tlie  hexakia-oetahecmn,  blit  with  eorred 
fiauses,  BO  that  the  tangles  cannot  be  accurately  measured.  This  form  oeeors  bat  rurj 
mrely  in  artificial  crystab :  it  has,  however,  been  observed,  though  vety  Bubordinate^  in 
alum  ctyntaUised  from  a  eolation  containing  hydrochloric  acid. 

Bemlliedna  romui  of  the  Xe volar  Sjstem.—  Suppose  four  alternate  faces 
of  the  octahedron  (fy.  188X  viz.  the  right  front  above,  left  front  bdow,  left  back  above, 
and  right  back  below,  to  extend  so  as  partially  to  obliterate  the  four  remaining  faces ; 
a  form  will  be  produced  like  figure  189;  and  if  the  extension  be  continued  till  the 
alternate  &ces  completely  disappear,  the  fournrided  pyramid  {^.  190)  will  be  pio- 

duoed,  called  the  regular  tetrahedron,  and  denoted  by  the  symbol'^. 


Fiff,  188. 


Fiff.  189. 


It  is  bounded  by  four  equilateral  triangles,  has  4  three-faced  summits,  and  6  similar 
edses  in  which  the  fues  are  inclined  at  angles  of  70^  32'.  The  axes  paaa  through  tb» 
middle  points  of  each  pair  of  opposite  edges. 


Fiff.  190. 


Fig.  191. 


If  the  other  four  sides  of  the  octahedron  increase  instead  of  those  above-mentioned, 
the  result  will  be  the  tetrahedron  shown  in  figure  191,  exactly  similar  to  the  former 
but  oppositely  situated.    When  both  these  tetrahedrons  occur  together  in  the  same 

oystal,  as  ia  Jiff.  189,  one  of  them  is  distinguished  as  -i-  -?  the  other  as  —  -^ ;    iriien 

either  occms  slone  the  sign  -»•  or  —  may  be  omitted. 
Tetrahedral  faces  occur  in  Schlippe's  salt,  chlorate  of  sodium,  fahl-ore^  blende,  && 
The  cube  and  rhombic  dodeouiedron  have  no  corresponding  hemihedial  forms. 
The  icosi-tetrahedron,  triakis-octahedron,  tetrakis-hexahedron,  and  hexakia-oct»> 
hedron  all  produce  hemihedral  forms  by  the  growth  of  their  alternate  foces;  but  the 
only  one  of  these  forms  that  it  is  important  to  notice  is  the  pentagonal  dodecahedron 
{fig.  192)  produced  from  the  tetrakis-hexahedron  (ji^.  185,  p.  126).  ^Hiis  holohedral  form 
may  be  regarded  as  a  cube  on  each  of  whose  six  fitces  is  erected  a  four-sided  pyramid. 
Suppose  now  that  on  the  top  and  bottom  pyramids,  the  firont  and  back  foces  grow, 
while  the  right  and  left  disappear ;  that  on  t^e  front  and  back  pyramids,  the  rig^t  and 
left  faces  grow,  while  the  upper  and  lower  faces  disappear ;  and  that  on  the  right  and  left 
pyramids,  the  upper  and  lower  faces  grow,  while  the  right  and  left  disappear ;  the  result 

will  be  a  dodecahedron  whose  general  symbol  is        °^.    F^.  192  represents  — ^. 

If  the  other  alternate  faces  of  the  holohedral  form  be  supposed  to  increase^  an  exactly 
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amilar  dodflcahedion  (/y.  193)  will  be  fonned,  but  differently  ntnated ;  these  two 
fbraw  may  be  (iiirtingniehed  by  the  symbob  •¥  -= —  and  -  —3—  • 

The  j^tiffonal  dodecshedron  is  bonnded  by  12  imnmetrie  pentagons,  each  luiTuig 
Ibnr  of  its  ndee  of  equal  length,  and  the  fifth  (the  beae)  of  dillfcrent  length.  It  has 
SO  adra,  6  of  which,  £  £^  are  formed  by  the  meetineof  the  fitoea  at  their  bases,  and 
24,  B£,  forming  the  eqnal  sides  of  the  pentagons.  The  sommits  are  20  in  number,  12 
of  which,  E,  fonned  by  the  meeting  of  a  basal  edge  E  E,  and  two  equal  edges  B  £,  are 
situated  in  the  planes  of  the  axes,  but  at  different  distances  therefinm,  and  8  others,  B. 
formed  by  the  meeting  of  three  equal  edoes  of  the  pentasons  and  situated  like  the 
summits  of  the  cube.  The  axes  pass  through  the  middle  points  of  each  pair  of 
opposite  basal  edges. 

The  pentagouu  dodecahedron  has  not  yet  been  observed  in  its  complete  form  in 
artificial  aystals;  among  minerals  it  is  especially  exhibited  by  iron-pyrites  and 
eobalt-glance. 

OomMBAtloBS  of  the  Mmple  Vovms  of  the  Ifoaemetrle  ejetenu  These 
combinations  are  ytarj  numerous ;  we  shall  here  notice  some  of  the  most  important. 
In  eqwessing  a  combination  symbolically,  the  symbol  of  the  dominant  form  is  usually 
written  first: 


Fig.l9i. 


Fig.\9^ 


Fig.lit. 


Fig.\VJ. 


1.  Cuheand  Oetaktdron: 

O.eoOoa  {fia.  194).    Alum,  ehlorsCannste  of  ammemum,  eobalt-pyrites. 

«tO  00  .  0  (Juf.  196).     Chloride  of  zinc,  galena. 

O  and  ooOoD  equally  developed  (fy.  196),-  forming  the  "middle  aystal** 
(p.  123).    Nitrate  of  lead. 
VuL.IL  K 
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Fig,  198.  f^'  !••• 


^r^^" 


w 


y 


^.200. 


J^Ml. 


Wig.Vi^ 


Ic  Ciii«<m<2  7e<raA«ifro«i: 

9  .  obO 00  (^.  197>   Bandte. 

OB  0  oe .  7  (>^.  198).    Bondtab  Cabe-om 
S.  Doiteahedron  and  Oetak$dron: 

O  .  ooO  (^.  199).    Alom  and  red  oopperHmu 
«0  .  0  (^.  200).    Uagnetic  iron-ore. 

So.  Dodecahedron  (md  Tetrahedron: 

a  *  «0  (>^.  203).    Sodio-nranio  acetate.  VaSA-on, 

8.  Dodecahedron  and  Cube: 

obO  .  OB  0  OB  (>^.  201).    Oamet  (ruely). 

cbO  OB .  obO  {fiff.  202).    Alom,  cr^stallieed  from  solution  containing  freo  aOcal 

chloride  of  potaadnm  from  eolation  containing  nMreuie  ehloiide,  fireqvientt] 

fiooiHipar  nuely. 
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Fig.  204.  Fig.  206. 


131 


31 


W% 


Ku.y:=&a 


JV  MS. 


fVW. 


F^.208. 


iFV.  200. 


4.  DodeeaAedron,  Cmb$  and  Oetahedron: 

0  .  oeOoB .  odO  Ifig.  204),  in  vhich,  hoverer,  the  0-&0M  do  not  predominate 

▼eiy  much  ;  occiub  commonly  in  alum. 
»  0  00  .  0  .  ooO  {fy.  206);  tnqwntij  in  ahim  from  sohition  eontaininff  fre« 
alkali ;  alao  in  chloride  of  aodiom  from  aolntion  containing  chloride  of  bia* 
mnth. 

4a.  DodeeaAedront  Cube  and  Teirahtdron: 

These  combinations,  which  occur  in  Boradte,  are  similar  to  those  of  the 
dodecahedron,  cube,  and  octahedron,  excepting  that  only  fbor  octahedral  £ues  are 
present  instead  of  eight 

6.  Combinationt  of  leosi-Utrahedron: 
«0.202CV.  206).    Melanit«. 
odO  00  .  202  {Jig.  207).    Analeime. 

O  .  00  O  a»  .  202  {Jbf.  208).    Alom  and  chrome'Slam  (rarely). 
0  .  •  Ooo  .  00  0  .  262  (.^.  209).    Alom. 

x2 
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^.213. 


6.  Comh%naiion»  of  tk»  Tttrakia-hexake. 
dron: 

obOob  .  SOw  (^.  210).  FlaQT-spar.  A 
nmilar  combioatioD,  a»  0  ob  .  20  oo,  is  pto* 
dnced  when  cubes  ot  xock-salt  are  ezpoaed 
to  moist  air. 

20  00 
ooOoo.  +  -5— (^.  211).      Iran    pyritei. 


Cobaltine. 
0.  ooOoB  .  00O.2O2  ,  + 
(Jiff.  212).    Alum. 


20  00 


20  g) 
2 


7.  Combinations  of  the  Hexaii$-oetakedron: 
0  .  80|  (M  218).    Alum  (apparently). 
ooO  OS .  204  (Jiff.  214).    Pluor-spar. 

Blmetrle  or  Quadratle  ■yatem. 

Square  PrisTHoHe,  Pyrainidal,  Tetragonal^  MonodimeMe  System  (Zioei-  wnd  *iiia*^e$, 
vienliedriffea  System). 

Crjstalt  belonging  to  this  system  are  symmetric  about  tiuee  reetangolar  •^xw^  two 
of  equal,  the  thiid  of  different  length ;  and  may,  therefore,  be  so  placed  aa  to  appear 
equally  developed  in  two  horizont^  directions  at  tight  angles  to  each  other  (iwht  and 
left,  and  backwards  and  forwards),  but  differently  in  the  yertical  direction.  The  ver- 
tical or  principal  axis  (p.  120)  will  be  denoted  by  c,  the  horizontal  or  seoondarr  *tw 
by  a.  All  sections  perpendicular  to  the  prindpiJ  axis  are  squares  or  figures  ^Mtived 
therefrom. 

In  this,  as  in  the  monometric  system,  the  most  general  form  is  one,  each  of  whose 
fitces  (produced  if  necessary)  meets  the  three  axes  at  different  distances  tertai  the 
centre.  Let  these  distances  be  a  and  na  for  the  secondaiy  axes  (»  bedng  a  multiplier 
either  greater  or  less  than  unity),  and  e  for  the  principal  axis.  To  ^tetmine  the 
form,  draw  two  rectangular  axes  (jia.  216),  and  supposing,  for  example,  n  ->  f,  set  otf 
from  the  centre  the  distances  a  ana  |  a,  and  ^oin  each  pobt  a  on  Uie  one  n-riw  vith 
I  a  on  the  other,  as  shown  by  the  dotted  lines  in  the  left  upper  quadrant.  The  portioitf 
of  these  lines  contained  between  the  sereral  points  a  ana  the  intersections  of  these 
dotted  lines  will  form  an  equilateral  octagon ;  and  if  from  each  of  the  angle*  of  tha 
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oetaffon  itnigbt  linw  be  dnwn  to  the  extxemitiei  e  of  the  principal  azu  (perpen- 
dicnW  to  the  plane  of  the  I>Aperl  the  planea  paaaing  through  theae  linea  will  endoae 
•  doable  oght-aided  ypvaaiijig.  216),  bounded  by  aizteen  aealene  trianglea,  A  B  Cv 
the  aommitB  B  being  aitoat^  at  the  enda  of  the  horixontal  axea,  and  the  aiuninits  0 
at  an^:tdar  diatanoea  of  46°  therefrom.  Thia  flgore  eridently  ftilfila  the  condition 
eaaentuJ  to  the  forma  of  the  dimetric  ayatem,  of  being  et^nally  deyeloped  in  the  direc- 
tion of  two  rectangolar  axea,  bat  differently  in  the  direction  of  the  thud.  It  may  be 
npreaented  by  the  formola : 

a  t  na  '.  e. 

The  bdinationa  of  the  edgeaB  C  to  each  other  (or  the  an^ea  of  the  octagon,  Jig.  215), 
Tary  with  the  ralae  of  m.  The  more  n  aoproachea  to  onitf,  the  more  nearly  do  the 
pointa  n  a  {fig.  216)  approach  to  a,  and  the  more  nearly  do  the  linea  joimng  theae 
pointa  (B  C,  C  B  in  ;fy.  216)  approach  to  coincidence,  the  andea  C  of  the  baae  becoming 
peater;  and  when  n—l,  or  the  finrmala  becomea  a  :  a'.c,  tibeangleeC  become- 180*^; 
in  other  worda,  the  linea  B  C,  C  B  coincide ;  the  octagon  becomea  a  aqnare ;  and  the 
doable  eight-aided  pyramid  ia  reduced  to  a  doabb  foor^ided  pyramid  with  a  aquare 
boae  {Jg,  217X  harTing  ita  vof^  B  aitaatod  at  the  eztiemitiea  of  the  horixontal  axea. 


If;  on  the  other  hand,  n  inaeaaea,  the  anglea  C  {fig.  216)  become  leaa,  and  the 
anglea  B  more  and  more  obtoae ;  and  finally,  when  ft  b>  « ,  or  the  formala  becomea 
a  :  00  a  :  e,  the  anglea  B  become  —  \WP,  or  the  two  horixontal  linea  B  C,  B  C,  drawn 
fitnm  the  extremitiea  of  each  axia,  merge  into  single  straight  linea  parallel  to  the  other 
axis ;  and  the  baae  of  the  mramid  beo)mea  a  square,  having  the  middle  points  of  ita 
aidee  at  the  extremitiea  of  the  aecondaiy  axea,  and  its  anglea  C  equidistant  from  thoee 
pointa,  9a  \^  fig.  218. 

The  symbols  of  the  three  forms  just  described  are  abbrenated  as  follows:  — 

a  :      a:  c  {fia.  217)  -  P 
a  :    na  :  0  {Jm.  216)  «.  Pn 
a  :  ooa  :  0  (fig.  218)  —  Pcb. 

It  appears  then  that  a  square  pyramid  may  be  repreaented  by  the  formula  ax  a'.  e<-P, 
or  a:oBa:c<-Poo  (the  ratio  c :  a  being  however  different  in  the  two  cases), 
according  as  the  secondary  axea  pass  through  the  angles  or  the  middle  points  of  the 
sides  of  Uie  base.  When  two  pyramids  so  related  to  each  other  occur  together  in  the 
same  oystal,  P  is  regarded  as  the  primary  form,  and  ia  called  the  square  pyramid  of 
the  first  order;  Poo  the  pyramid  of  the  second  order. 
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A  BquATG  pyramid  is  more  or  less  acute,  according  to  tho  ratio  between  theprioapil 
and  aecondiiry  axes.  When  a  la  very  nearly  equal  to  c,  the  pyramid  la  acarwlj  di»- 
tugoi^hable  in  outward  form  from  the  regular  octahedron  (Jiff.  149) ;  the  two  fomw  mar, 
bowever,  always  be  distinguialied  by  their  modificationa,  the  edgea  and  eummits  of  tfie 
r^alar  octahedron  being  ail  modified  alike,  when&a  in  a  square  pyramid  the  terminal 
et^ea  AB  (^.  216)  may  be  modified  di0(>r^ntly  from  the  lateral  edges  B  B,  and  the 
Bummita  A  A  at  the  ends  of  the  principal  axis  dif  erentlj  from  the  summits  B  at  the  end? 
of  the  secondary  axesL 

Aa  the  ratio  of  c  to  a  becomes  greater,  the  pyramid  becomea  more  and  more  acQt«; 
and  the  anglca  of  the  planea  meeting  in  the  kteral  edeesBB  (Jiff.  217),  C  C  (fiff.  S18). 
or  B  C  {Juj.  216),  approitch  more  nearly  to  18CP;  and  finally,  when  the  ratio  c :  a  be- 
comes infinitely  great,  thia  angle  becomes  =  180",  and  the  pyramid  ia  reduced  to  a 
prism  of  indefinite  length,  having  ita  sides  parallel  to  the  principal  axis. 

When  two  quadratic  pyramids,  in  which  the  rutio  c  :  a  ia  difierent,  occur  togethar 
in  the  same  crystal,  one  of  them  is  regarded  aa  the  primary  form,  and  denoted  by  ooa 

of  the  fonnnlse  already  given;  the  other  io  which  the  ratio  of  -  ia  m  tunes  that  b 

the  former  {m  *  1),  is  denoted  by  prefixing  the  symbol  m  to  c  in  the  taJl  formola,  or 
fc©  P  in  the  abbreriated  formula ;  thus  :— 

Square  pyramids  of  the  first  order      ,         .         ,    a  :  a      :  me  »  ifiP 

Octagonal  pynunids a  :  nd    :  no  ■>  mPn 

Square  pyramids  of  the  second  order  .        .        .    a  :  toa  z  me  *=  mPoo 
When  in  either  of  these  formulae  m  becomes  infinite,  the  corresponding  pyramid  becomes 
a  prirnn,  u  already  ei|Jttined. 

Wheo  IN  ■>  0,  the  pyramid  is  reduced  to  a  plane,  called  the  terzuinal  fac«^  or 
end-face,  oP,  parallef  to  the  plane  of  the  seccitdary  axes. 

AmoQg  pyramids  of  the  secoud  order  occurring  together  with  a  primary  form  P«  it 
ia  Qsuol  to  distingniab  particularly  the  two  following : 

o.  The  next  obtuaer  pyramid  is  that  whooe  faecf  hava  the  same  position  and  in- 
clinntion  with  respect  to  the  principal  axis,  as  the  termini  edges  of  the  primiiry  form. 
For  the  primary  form  a  :  a  :  c,  or  P  (Juf.  217);  the  next  obtuser  pyramid  iji  eridenily 
0  :  oD  a  :  f,  or  P  OD  {fy.  218),  having  for  ita  hose  the  outer  dotti^l  square,  b  efd  {Jig.  219  j, 
whose  sides  are  drawn  parallel  to  thti  axes,  through  the  angles  of  the  base  of  the 
primary  form  ;  and  generally,  for  every  square  pyramid  of  the  first  order,  wiP,  the  next 
obtuser  pyramid  is  mS^vo .  The  terminal  edgea  of  P  are  symmetrically  truncated  by 
the  faces  of  raPoo , 

b.  The  next  tenter  pyramid  is  that  whose  terminal  edgea  have  the  same  posi- 
tion and  inclination  with  respect  bo  the  principal  axis,  as  the  facea  of  the  primaiy 
form.  The  primary  form  hnvirig  for  its  base  the  square  represented  by  the  oonttnuooi 
lines  in  jig.  219,  tbe  next  aeuter  pyramid  will  have  the  same  priodpiU  axis,  and  the 
base  g  h  k  /,  whose  angles  are  at  the  middle  points  of  the  sides  of  the  primary  form. 
The  forwultt  of  Ihid  pyramid  is  ^a  :  ao  a  :  e,  or  a  :  oo  a  :  2c,  or  2Pqo  ;  and  generally,  for 
every  square  pyramid  of  the  first  order,  mP,  the  corresponding  next  aeuter  pyramid  is 
SmPoo .  The  terminal  edgea  of  the  latter  are  sjnunethcaliy  truncated  by  the  faeoi 
of  mP. 

Fig.  219.  Fig.  220. 


t. 


ComblBattons  of  tae  Kolohodral  forma  of  the  IMmotiic  aystosn.  Tfie 
■qnore  and  oct^i^onal  pyniiniils  and  prisma  above  described  are  the  only  8imple  boli^ 
he<kal  forms  of  the  dimetric  system.     The  following  are  some  of  their  principal  com- 
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i:— WbfQ  two  aquare  pyramids  of  tke  $cme  order  ocear  tflgetbtt  in  a  eryHtal, 
tiM  more  aeate  of  th«  two  u  actumoated  in  the  direction  of  the  principal  axis  bj  tbo 
tacm  of  th«  more  obtoae^  vhieh  rest  on  the  iiues  of  the  former,  as  in  y^.  220.  In 
ralphate  of  nickel,  which  d^etalliaet  in  thia  manner,  the  ratio  c  :  a  «  1  888  in  the 
moK  acote,  and  0944  in  the  more  obtoae  pyramid,  the  length  of  e  in  the  two  pyra- 
mills  rvfemd  to  a  aecondary  axii  aa  unity,  being  in  the  ratio  of  2  :  1.  In  all  anch 
eombinatioDa,  it  ia  found  that  the  principal  axes  of  the  two  pyramida  bear  to  on* 
another  a  aimple  ratio,  aa  3  :  1,  3  :  2,  &c. 

When  two  aouare  pyramids  of  different  orders  occur  together,  the  facet  of  the  one 
tmneate  the  eoges  or  the  aammita  of  the  other.  Fig.  221  repreaenti  a  form  of  tin* 
■tone,  in  which  the  terminal  edges  of  the  (irimary  form  P  are  symmetrically  tnin- 
eatad  bv  the  £aoes  of  the  next  obtoaer  pyramid  Poe  .  Fig.  222  is  a  form  of  anatase,  in 
which  the  terminal  snromiti  of  P  are  acuminated  by  |P,  and  the  lateral  anmrnita  are 
bevelled  by  the  faces  of  the  next  acuter  pyramid,  2Pao .  The  terminal  edges  of  this 
latter  pyramid  nuj  also  be  regarded  as  yery  broadly  truncated  by  the  faces  of  P. 


Fig,  221. 


Fig.  221. 


Fig.  22Z. 


Fig.%2^ 
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Combinations  of  prunu  and  pyramids  of  the  different  orders,  with  or  without  the 
terminal  face  oP.  are  of  frequent  oocazreoee.  Fig.  223  represents  an  octo^oD'il  prism 
formed  by  the  prismatic  faces  of  the  Arst  order,  oc  P,  truncated  by  the  prismatic  faoea 
of  the  Bfrcood  order,  oo  Pao ,  and  tonninated  above  and  below  by  oP.  This  form  is 
seen  in  acetate  of  copper  and  ciJeium,  C'H'CuCaO*. 

floP.P  {fig.  224)  IS  a  form  of  potassio-nranie  acetate,  a  square  prism  with  pyra- 
midal summits  resting  on  the  priomatic  fiicesi 

Figt.  226,  226,  227  represent  combinations  of  the  forms  P .  «  P  oo  in  varioos  pr> 
portiaiDS. 

P  ,  00  P  o»  {Jig.  225),  with  P  predominant,  is  found  in  mellite  or  honeystone. 

P  and  00  F  oe  equally  developed  {fig.  226),  which  has  rery  mvch  tbe  sppeamiM  of 
a  rhombic  dodecahedron,  \s  cxnibited  by  potassio-cupric  ehlorulc,  KCLCuCL 

oo  P  oe  .  P  {Jig,  227)  ia  a  fom  of  apophyllite. 


Fig.i26, 


Fig.  226- 


Fig.  227. 


The  fbUowisg  figures  (Jtgi.  228 — 231 )  represent  combinations  of  wjuare  prramids  with 
the  terminal  face  oP;  they  are  all  forms  of  sulphate  of  nickel,  Ni^O'  -f  6ll^.  In  all 
thsse  combinations,  it  may  be  obserrcd  that  pyramids  similarly  situated  between  th« 
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axes  fonn  combiDation-edgM  parallel  to  the  base,  «.y^  oP,  |P,  P,  and  Pae. 
00  P  00  {fig.  231%  vhereae  pyramids  and  prisms  differentlj  sitoatod  with  regard  totlis 
axes  form  oombioation-edeee  inclined  to  the  base,  e,g.  P  and  oo  P  oo ,  in^a.  22A,  226, 
227,  230,  231 ;  also  P  and  Poo  in^t.  230,  231.  This  role  is  of  great  nao  in  deter- 
mining tiie  relations  of  the  faces  in  complicated  combinations. 

HamUaednd  Vonna.  A  square  pyramid  may  become  hemihedral  in  the  same 
manner  as  a  regular  octahedron  (p.  128),  riz.  by  the  extension  of  four  alternate  face* 
till  the  others  are  obliterated.  The  figure  thus  produced,  called  a  quadratic  sphe- 
noid, is  a  four-sided  pyramid  distinguished  from  the  regular  tetrahedron  br  the  form 
of  its  £aces,  which  are  not  equilateral  but  isosceles  triuigles.  The  principal  axis  ter- 
minates in  the  middle  points  of  two  of  the  edges  (terminal  edges) ;  the  aeeondary  axes 
in  the  middle  points  of  the  four  other  edges  (lateral  edges).    A  quadzatte  sphenoid  is 

fnP  fnP  00 

denoted  by  the  symbol  -^   or  — 5—,  according  to  that  of  the  pyramid  from  wfaidi  it 

is  formed.    The  signs  +  and  —  prefixed  to  these  syabols  hare  the  same  Tn«i«iiing« 
as  in  the  case  of  the  regular  tetrahedron  (p.  128). 
Sphenoids  rarely  occur  alone ;  a  solution  of  ^anide  of  mereniy,  howeTer,  sometimei 

yields  by  spontaneous  erapoiation  perfectly  developed  sphenoids  in  whidi  —  b  0*985. 

More  frequently  sphenoids  occur  in  combination,  0.  g.  with  their  terminal  edges  tinn- 

p 
cated  by  the  face  oP,  and  their  lateral  edges  by  ooP  as.    The  summits  <^  ^  may 

also  be  replaced  br  the  faces  of  the  opposite  sphenoid,  in  which  case  they  are  dis- 
tinguished as  +   X  and  —  ^.    A  combination  of  these  two  forms  equally  dereloped 

has  the  external  form  of  a  square  pyramid,  but  may  generally  be  di8tii^;aiahed 
therefrom  by  the  different  modifications  of  its  edges  and  summits.    Fig.  232  is  a  form  d 

P 
copper-pyrites,  consisting  of  a  sphenoid  -f  2  having  its 

terminal  edges  replaced  by  oP,  its  summits  by  Aces  of 

p 
—  ^,  whilethose  combination-edges  of  the  two  sphenoids 

which  are  situated  like  the  terminal  ed^  of  P,  are  tnm- 
cated  by  fiiees  belonging  to  the  pyramid  P  eo.  Modified 
sphenoids  also  occur  in  cyanide  of  mercury,  formate  of 
strontium,  cholalic  add,  &c. ;  but  they  are  not  oommoa 

Another  hemihedral  form  — ^   is  produced  by  the 

erowth  of  the  alternate  faces  of  the  octagonal  pyramid 
Xfia.  216).  It  is  a  double  pyramid  with  a  fqnars  base, 
hot  haying  tiie  sides  of  the  base  ooliquely  inclined  to  the  secondary  axes,  as  may  be  seen 
by  prolonging  the  alteniate  sides  of  the  octagon  {fig.  210)  till  thqr  meet    Sndi  a 
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farm  wcklleda  square  pjramid  of  the  third  order.  In  llk«  maoner  are  formed 
■quare  prisma  of  the  third  order.  Square  pjraimda  of  the  third  order  Dev«r 
occur  aloDe,  and  but  rarely  in  combinatioo.  Examplel  are  found  in  tangstate  of  lead, 
tnnfrtate  of  caldum,  and  a  few  other  minerals.    In  native  ttmgstate  of  caldom 

[Sebealite)  thepruoary  form  P  occurs,  modified  bj  the  Daces  2F  qd  and  ~^. 
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^tmotrimetrie  Bjf$Um  {Drri-  und  rinaxigtt,  $eehtglifirigfs,  drei-  vnd 
^  „  „-  •*")• — Cryutala  of  this  syatetn  hare  three  eqiul  aetnjndarj  i4xe« 
Btvsted  in  ths  nme  plane  and  inclined  to  one  another  at  60^,  and  a  principal  axis 
at  zight  angles  to  the  pluie  of  the  secondary  axes.  If  this  asia  be  placed  Tertically^ 
the  crystal  appears  differeotiy  dereloped  in  the  vertical  and  horizontal  directions,  but 
ajnallj  and  similarly  developed  in  Uie  six  direct  ioiui  lying  in  the  horizontal  plane, 
Tis.  at  the  aix  eztremitiea  of  the  three  secondary  axea. 

The  principal  axia  ia  aometimea  longer,  aometimea  ahorter  than  the  aecondary  axes. 
Its  leneth  c  ia  expressed  by  referring  it  to  that  of  a  aecondary  axii  as  nnity. 

As  three  points  determine  a  plane,  the  position  of  any  face  of  a  crystal  in  this  system 
is  det«rmined  by  the  diatuDcee  from  the  centre  at  which  it  cuts  the  principal  axis  and 
two  of  the  secocdary  axes.  The  most  generul  form  is  one  in  which  eacb  f^e  rata  two 
of  the  seconda/y  axea  at  unequal  dit»tancea.  Suppose,  for  example,  these  diatajDces 
to  be  to  one  another  aa  1  :  |.  Draw  three  horizontal  axes  cutting  one  another  at  60°, 
as  in^.  233,  and  set  off  on  two  of  them  the  distances  a,  |d.  Then,  by  a  construction 
similar  to  that  described  at  p.  133,  it  is  found  that  the  horizontal  section  of  the  re- 
qoired  form  is  aa  eqailaterai  dodecagon;  and  by  joining  the  angular  points  of  this 
polygon  with  tha  sstFemities  of  the  principal  axis  (suppoaed  perpendicular  to  the  pkna 

Fig.  234. 
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Fig.  236. 
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of  the  paper)  we  obtam  the  symmetrical  doable  twelre-ddad  pyranld  (J!^.  284),  bounded 
by  twenty-four  scalene  triangles  A  B  C,  six  of  the  baaal  nunmits,  B,  being  situated  at 
the  eitremitiea  of  the  secondary  axes,  and  six 
others,  C,  half  way  between.  Such  forms  occur  ill 
combination,  but  not  singly. 

The  general  formula  of  the  solid  thus  determined 
ja  a  :  na :  M :  e,  in  which  when  n  is  ffiven,  p  is 
determined.  In  the  preceding  figure,  whtTc  «  —  ^, 
p  ia  found  to  be  equal  to  3.  There  are  two 
particular  cuses  of  special  imtmrtance : —  < 

1.  When  n  =  1,  or  the  formula  becomes  a:a:pa:c. 
In  this  case  it  is  easy  to  see  that  the  twelve 
nides  of  the  base  are  reduced  to  six.  and  the  base 
becomes  a  regular  hexagon  {fio.  236),  having  its 
angles  at  the  extremitiea  of  the  secondary  axea. 
Each  side  meets  two  contiguoufl  axes  at  equal 
diMances,  as  at  /,  i,  and  ia  parallel  to  the 
third,  so  that  p  ^  ao,  and  the  formula  becomes 
m  :  a:  aa  a  :  c.  The  form  thus  dntcrmined  ia  a 
doable  six-aided  pyramid  {Jig.  236)  bounded  by  twelve  isosceles  triangles  ABB,  whfdl 
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tn  acat«-  or  obtnae-aQglod,  acGording  to  the  ratio  of  the  principal  to  the  secooduy 
■XM.  Erery  sectioi]  perpendicular  to  the  Tertical  axift  ifl  a  regular  hex^OD,  lilta 
the  base,  and  every  vertical  eection  pasHing  through  the  principal  axis  ie  tt  rfaombiu. 

2.  When  n  =  2.  £^ch  face  cut«  one  of  the  secondary  axea  at  the  distAOce  a  and 
another  at  2a.  In  this  case  the  con5tniction  in  Jig.  235  ahows  that  the  boae  of  the  figure 
is  a  regular  hexa^n,  having  its  sidoa  in  the  situation  of  the  dotted  lines  of  the  figure^ 
each  side  passing  through  one  of  the  angles  of  the  former  hexagon,  and  cutting  the 
third  secondary  axis  also  at  the  distance  2a  from  the  centre,  so  that  the  formula  be- 
eomea  a  :  2a  :  2a  :  c.  The  solid  flffure  obtained  by  joining  the  angular  points  of  this 
hexagon  with  the  ends  of  the  principal  &x\»  is  aL$o  a  double  six-aided  pyramid,  like 
jft?,  236.  but  differently  situated,  the  ends  of  the  secondary  "Jtea  passing  through  the 
middle  pints  of  the  videe  of  the  hexagon,  and  the  basal  Bonuiuts  C  being  situated 
bdlf  way  between  the«e  axes  {fig.  237). 

"When  two  or  more  hexagonal  pyramids  occnr  together  in  the  same  crystal,  one 
replacing  the  edges  or  summits  of  the  other,  oae  of  tliem  is  assumed  as  the  primary 
form,  the  secondary  axes  being  supposed  to  pass  through  the  angles  of  its  ba«e ;  and 
of  the  rc6t,  those  which  are  similarly  situated  with  regard  to  the  axea  ore  called  acuter 
or  obtuaer  pyramids  of  the  first  order,  while  those  which  are  intermediately 
situated,  that  is  to  say.  baring  the  middle  points  of  their  basal  edges  at  the  extrAmibes 
of  the  axes,  are  called  pyramids  of  the  second  order.  Tne  relatiTe  lengths cf 
the  principal  axes  of  these  pyramids  are  denoted,  as  in  the  dimetrio  system,  by  pladug 
a  multiplier  n  before  the  sign  of  the  principal  axis.  The  abbreviated  symbou  of  the 
geveraJ  pyramids  are  also  aiiailai  to  those  used  in  the  dimelric  system ;  thtu  :^ 

Primary  form            .        ,  .  .  ,  ,  ai    a".  a>a:     e  ^  "P 

Pyramidfl  of  the  first  order  ,  ,  ,  ,  a  '.    a\  <x>a:me  ~   «P 

Pyramids  of  tlin  sfcond  order  .  .  .  .  a  :  2a  :   2a  :  nw  —   ifiPS 

Bodccagoual  pymmida  .  •  .  ,  a:  na:  pa  :  mo  =  mPn 

If  in  either  of  these  formnlse  m  ■»  0,  the  pyramid  is  reduced  to  a  terminal  face  oP 
parallel  to  the  plane  of  the  secondary  axes. 

If  m  =  OD,  in  either  of  the  formul.'e,  the  corresponding  pyramid  beeomea  a  yerticBl 
prism,  ooP,  ooP2,  or  oopji,  of  indefinite  leni^th. 

These  prisms  and  the  terminal  faces,  being  UBcloaed  forms,  can  ouly  occur  in  com- 
bination. 

The  terms,  next  obtuserand  next  acuter  pjmwnid,  are  used  in  this  system  in  the  (taas 
■ense  aa  in  the  dimetric  system  (p.  1841 :  —  a  The  next  obtuser  pyramid  is  that 
whoae  facep  have  the  same  situation  and  inclination  rolutircly  to  the  principal  axis  u 
the  terminal  edges  of  the  primary  form.  For  the  primary  form  P,  or  a:a:ooa:c 
(/"<7.  236),  the  nfxt  obtuser  pjTamid  is  eridenHya:  2a:2a:c  or  P2  {fig.  236);  and 
generally,  for  every  hexagonal  pyramid  »tP,  the  next  obtuser  pyramid  is  mP2. 

b.  The  next  acuter  pyramid  for  the  primary  form  P,  is  that  whose  terminid 
edges  hiive  the  same  position  and  iuclixiation  relatively  to  llbe  principal  axis  as  the 
faces  of  the  primary  form.  The  base  of  tlie  primary  fisrm  being  the  full -lined  hexagon 
(fi<j,  236),  the  next  acuter  pyramid  is  that  w^hoso  faces  meet  the  principal  axis  at  the 
h-Am.0  distance  c  from  the  centre,  and  paAS  thronj:»h  6,  rf,  the  middle  points  of  the  sides 
ck,  kf,  and  the  corresponding  points  of  the  other  sndcs  of  the  same  hexagon.  Now 
We  line  bd  cuts  the  axis  qk  in  the  point  i,  so  situated  thatyi  «>  %  gk.  Consequeotly, 
the  formula  of  this  pyramid  is  J  o :  2  .  ^a :  2  .  |a :  c.  or  a :  2/7 :  2a :  Jc  =  JP2  :  and  geiM^ 
rally,  for  every  pyramid  of  the  fijist  order  mP,  the  corresponding  next  acuter  pyramid 
is  ifl«P2.  The  terminal  edges  of  a  pyramid  of  the  first  order  mP  are  symmetricallj 
'  by  the  faces  of  a  pyramid  of  the  seeond  order  mP2. 
jigonal  and  dodecaigonal  pyramids  and  prisma  above  deecribed,  are  the  only 
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holohedral  forma  of  tho  hexagonal  sygtoin.  Th»  cIo«ed  fonna  (th«  pTnmiida)  are 
rarely  found  Alone;  examples  of  simple  bexagooal  p^imnidB  ar«  fonnd  in  the  com- 
poand  of  grape-cngsr  and  chloride  of  aodium,  and  occasionallj  in  quartz.  The  un- 
closed forma,  viz.  the  prisms  and  the  terminal  fkeea,  occur  only  in  combination. 

CMBblnatloiui  of  tlie  Holob«dral  forma  of  tba  Bcxaconal  Byatem. 
Hfxagooal  pyramids  and  pri«raa  combiuf  together  in  the  some  manner  a«  the  eorre'- 
Bpouding  figures  of  the  dimetric  system.  When  two  pyramids  of  the  same  order  occu 
together,  the  obtoser  of  the  two  acuminates  the  summita  of  the  more  acute,  just  as 
in  ></.  220  (p.  134).     In  like  manner,  the  hexagonal  prism  occurs  acuminated  l>j  the 

f)yrumjd  of  the  same  order,  the  faces  of  the  latter  resting  on  those  of  the  priani,  and 
brming  horizontal  combiiuUion-edgea,  as  in  quartz  {fig.  238).  When  hexagonal  pyra- 
mids of  different  orden  occur  together,  the  faces  of  the  one  repLice  the  edges  and 
■ummita  of  the  other,  prodttcing  troncAtioaa,  beyellings,  or  acnminationa,  aoconling  lo 
their  relatiTe  positions  and  indinatiooi.  Examples  of  these  combinations,  together 
with  the  terminal  face  oP.  are  seen  bxfigi.  239,  341,  242,  which  are  forms  of  apatite, 
aady^.  240,  which  is  a  form  of  beiyL 
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Fig.  340. 
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The  fenss  ob  P  and  oP  combined  together  pvodoee  a  Tertical  hexagonal  prism  witft 
horitontal  end-faces.  When  oP  predominates,  the  prism  ia  reduced  to  a  hexagonal 
tablet  In  fig.  240  the  combination-edcTS  of  tiiis  ftmn  are  truncated  by  the  faces  P 
belon^ng  to  a  pyramid  of  the  same  order  as  the  prism  ;  in  >^.  241  the  corobination- 
sommiUi  of  the  same  form  arc  truncated  by  the  face^  of  a  pyrumid  2P2  of  different  order. 
Fig,  242  affords  a  good  example  of  the  manner  in  which  the  different  forma  making 
up  a  complicated  combination  may  be  detennined.    The  pyramid  whose  fttces  are 


Fig.  241. 


Fig.  242. 
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denoted  by  P  ia  chosen  as  the  primary  form,  because  it  is  the  one  to  which  the  other 
forms  may  he  most  conTenientlr  referred.  The  rebtion  of  the  faces  oP,  <»  P,  oo  P2  to 
this  primary  form  is  obrioua.  The  faces  of  the  next  obtnser  pyramid  P2  are  known 
because  they  truncate  symmetrically  the  terminal  edges  of  P ;  those  of  2P2,  because 
they  truncate  the  combination-munmita  of  oP  and  oo  P  (as  vafig.  241),  forming  cnm- 
bination-edgea  which  are  parallel  to  the  terminal  edges  of  F  (or  the  combination -ed^^es 
between  P  and  P2) ;  and  those  of  2P,  becaoae  their  tenaiual  edges  are  symmetrically 
tnuusted  by  2P2. 
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Symmetrical  twelve-aided  pyramids  rarely  occtir  in  eombination,  with    «D  th«ir 
fiaoes.    Aa  example  of  auch  a  combination  in,  however,  found  in  l>«ryl  (^.  243).  in 
which  the  twenty-four faM«  of  3PJ  (denot<?d'  in  the  figax«  by 
Fiff.  243.  x)  truDcatB  the  e(lg<«  between  2P2  and  ooP. 

In  all  combin&ticrDa  of  hexagonal  (and  likewise  of  qnadnlie 
forms,  the  foDowing  rule  holds  good:  —Forme  tohiek  Ue  m 
tfut  same  direction  between  the  eeeondary  axa  intrretrt  erne 
another  in  horixontal  edffes,  or  in  such  a  manner  thai  the 
upper  and  lower  coTniinatum-edgee  are  paralM  to  each  otA 
but  forme  which  arc  diseimilarly  sittiatfd  between  . 
secondart/  asee,  interarct  one  another  in  inclined  ed^ea,i 
upper  and  lower  not  being  parallel.  Thus  the  combinfttiou- 
edge*  between  oP,  P,  2P  and  wP  (Ji^.  242)  ar«  all  parallel, 
ns  also  lire  those  botween  OP  (yrhkh  is  the  aame  as  oP2),  P2. 
2P2  and  oo  P2 ;  wheFcaa  the  oombination-«dgea  betwip«i  P 
and  2P2,  or  2P2  and  ooP  in  the  same  figure,  or  brtweeu 
3P  and  ooP  in  Jig.  243  are  not  parallel  to  one  anotber. 

Hemlliedml  fomu.  The  hemihedral  forms  of  the  hexagonal  ayatem  occur  mora 
frequently  than  the  holohedral  forms,  and  among  them  there  are  two  of  especial  iai- 
portaace,  the  Ehombohedron  derived  from  tho  hexagonal  pyramid,  and  the  Scale- 
nohedron  derived  from  tb«  dodecagonaJ  pyramid. 

1.  ff  AowAoAf  rfron*,— Suppcae  that  in  a  hexagonal  pyramid  (of  the  first  order.  Jig, 
23fi)  the  front  face  above,  the  right  and  left  faces  below,  and  the  three  faces  altematiiig 
with  theae,  are  extended  till  they  obliterate  the  intermediate  facea,  vie.  the  front  below, 
the  right  and  left  above,  &c. :  the  result  will  be  the  rhombohedron  (Jip.  244),  a 
figure  bonmded  by  six  rhombusea.  It  has  eight  aammita,  which  are  of  two  kinds,  rix.  two 
terminal  aummito  A  A,  formed  by  the  meeting  of  three  terminal  edges,  and  six  latt-nl 
suraroit*  D  D,  formed  by  the  concurrence  of  two  lateral  edges  and  one  terminal  Mlg«. 
Of  the  twelve  edges,  six  are  terminal,  extending  from  the  terminal  to  the  lateral 
mmmits,  and  six  lateral,  extending  in  a  xig-zag  line  between  the  lateral  summits.  Tha 
principal  axis  joins  the  terminal  aununits ;  the  secondary  axes  unite  the  middle  points 
of  every  two  opposite  lateral  edges.    The  symbol  of  the  rhombohedron  would,  ic» 

p 
cording  to  general  usage,  be  ^ ,  bat  it  is  uvBaUy  replaced  by  the  shorter  symbol  R. 

In  the  rhombohedron  formed  as  above  described,  one  face  extends  from  above  for^ 
wards,  and  one  edge  from  below  forwards ;  if  however  the  other  alternate  facea  of  th» 
hexagonal  prism  {fig,  235)  be  supposed  to  grow,  vis.  the  right  and  left  above,  th* 
front  below,  &c.,  the  result  will  be  a  rhombohedron  in  the  opposite  position,  that  is  to 
■ay,  having  an  edge  extending  from  above  forwards  and  a  face  from  below  forwards, 


Fig.  244. 


Fig.  245. 


as  in  Jig.  24J5.  When  these  opposite  rhombohedrons  occur  together  in  the  same 
crystal,  their  faces  are  distinguished  by  the  signs  +  and  — ,  the  first  described  rhotn- 
bobedron,  which  has  a  face  extending  from  above  forwards,  being  UBQallj  denoted  by 
+  R,  the  opposite  one  by  —  R. 

Khombohedrons  are  acute  or  obtuse,  aeeording  as  their  terminal  edges  and  &eei 
intersect  one  another  at  scute  or  obtuse  angles,  theso  inclinations  depen£ng  of  eooa* 
upon  the  ratio  between  the  principal  and  secondiuj  axes.    For  a  particular  valaa 
this  ratio,  the  faces  and  edges  tneet  at  right  anglps,  and  the  rhombohedron  has 

form  of  a  cube.     It  is  not,  however,  identical  with  u  cube  in  anj'thing  but  extei 

shape :  for  its  edges  and  summits  are  of  two  kinds,  and  the  terminal  edges  or  summits 
may  bo  modifled,  while  the  lateral  edges  or  rummita  are  not,  and  wee  vereA,  wher«<ai 
in  the  cube,  if  any  modification  occurs,  all  the  corresponding  parts  must  be  similariy 
modified 
When  a  a  amber  of  rhorabohedroni  of  different  degrees  of  acuteneaa  oooor  togothsr, 
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thftt  otto  ii  selected  ms  the  primary  form  io  the  direction  of  wboae  facee  the  crptitl 
dearee  moet  euHy,  and  thij  rbombohedron  being  denoted  b j  +  R  (that  is  to  say,  being 
60  placed  that  one  face  of  the  primaxy  fenn  exteods  from  above  forwards),  the  othen 
are  denoted  by  +  mR,  the  niunber  m  denoting  the  ratio  of  the  principal  axis  of  each 
riiombohedron  to  that  of  the  primary  form.  This  ratio  ia  always  very  simple.  (See 
Cauovax,  i  721.) 

When  two  rhombohedrons  of  the  same  order  occur  together,  the  more  obtuse 
acuminates  the  terminal  summits  of  the  more  acute,  as  in  /iff.  240,  a  form  of  calcspar 
in  which  the  terminal  summits  of  +  4R  are  acuminated  by  +  R ;  but  when  rhomlio- 
hediooa  of  different  orders  occur  together,  the  edges  or  summits  of  the  one  are  trun- 
cated by  the  ftcea  of  the  other,  as  in  fyt.  247 — 249.  A  rhombohcdron  by  which  the 
terminti  edgea  of  the  primary  form  are  symmelTically  truncated,  is  called  the  next 


Fig.  2i9. 


riff.UI. 


riff.  248. 


Fig.  249. 


obtuser  rhombohedron  of  that  form;  and  the  rhombohedron  whoee  terminal 
edges  are  symmetrically  truncated  by  the  faces  of  the  primary  form  is  called  the 
next  acuter  rhombohedron  of  Umt  form,_  Of  any  rhombohedron  +  mR,  the 
next  obtuser  is  7  ImSi,  and  the  next  acot^  is  +  2)nR.  In  Jig.  249,  -^  R  u  the  next 
obtoaer  rhombohedron  of  —  2R  Examples  of  rhombohedrona  thus  related  are  found 
in  caleapar  (i.  721),  also  in  diabasite  (i.  843). 

The  two  oppoaite  ihombohedrons  •¥  R  and  —  R,  formed  from  the  same  hexagonal 
pyramid,  are  often  combined  together,  and  wbco  they  are  eaually  dereloped,  produce  a 
combination  undistingnishable  in  form  from  the  holohedral  nexagonal  pyramid.  There 
are,  however,  eesentiiU  diffeiencea  between  the  two :  sometimes  the  faces  of  the  opposite 
rhombohedrons  differ  in  lostre  or  io  mode  of  striation ;  sometimes  the  crystal  cleares 
in  directions  parallel  to  one  set  of  faces  and  not  to  the  other ;  frequently  also  the 
manner  in  which  the  faces  and  edges  are  modified  affords  the  means  of  distinction  : 
thus  the  homontal  combination-edges  of  qnartx,  ooP.  P  {fig.  238),  are  sometimes 
truncated  by  the  faces  3P ;  but  this  modification  docs  not  affect  the  whole  of  these 
edges,  but  only  the  alternate  ones,  e.  g,  tbe  front  combination-4>dge  above,  the  right 
and  left  below,  &c.,  wherea^  if  the  crystal  were  holohedral,  all  these  edges  would  b« 
modified  alike  \fia.  2«8). 

The  terminal  uce  oR  truncates  the  terminal  summita  of  a  rhombohedron,  as  in 
conindum  {fig.  146,  p.  86) ;  if  the  face  oR  predominates  greatly,  the  crystal  ia 
reduced  to  a  tablet  \ikttfig.  147. 

The  more  the  principalaxis  of  a  rhombohedron  incrc-aflcs  rektivelv  to  the  secondary 
axes,  the  smaller  do  the  angles  at  the  terminal  edges  become,  and  the  more  nearly  do 
those  of  the  lateral  edge*  approach  to  120'',  that  is  to  say,  to  the  inclination  of  the 
faces  of  a  hexagonal  prism  (see  Tabls,  toL  i.  p.  721).  And  finally,  if  the  principal 
axis  becomes  infinite,  the  faces  of  the  rhombooedroii  become  parallel  to  it,  and  the 
figure  becomes  a  hexagonal  prism  identical  with  oeP;  in  rhombohedral  combinations 
it  is  however  denoted  by  <»  R. 

Rhombohedrons  occur  in  combination  with  heiagonal  prisms.  With  a  predominant 
hexagonal  prism  of  the  first  order.  obP,  or  ocR.  a  rhombohedron  (of  either  order) 
combines  in  such  a  manner  as  to  produce  three-fuced  lermiDations,  the  acuminatinti-fnce* 
rentinn  symmetrically  on  the  faces  of  the  prism,  and  dispow'd  alternately  above  and 
below,  as  in  calcspar  oe  R.  — ^R  {Jig.  2£0);  on  a  prism  of  the  second  order,  obP2,  a 
rhombohedron  likewise  forms  thrt^-facedacuminations,  with  its  faces  likewise  disposed 
alternately  above  and  below,  but  refltuig  symmetrically  on  the  edges  of  tlie  prism, 
■B  xcifig.  221,  which  is  a  form  of  dlopta«e. 

2.  Scalrnohcdrong. — This  form,  represented  in  fi(j».  252,  265,  is  produced  by  the 
extension  of  the  alternate  fiwes  of  the  double  twelve-sided  pyramid,  fig.  234.  p.  137.  It 
is  bounded  by  twelve  scalene  trianc^M,  has  two  six-fiiced  terminal  summits,  six  four- 
faced  lateral  summits,  and  eighteen  edges  of  three  different  kinds,  vii.  six  longer  and  six 
•bolter  edges  between  the  terminal  and  lateral  summits,  and  six  lateral  edgea  forming 
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a  ngnff  'between  the  lateral  rammite.  The  middle  points  of  these  lateral  edges  an 
sitoated  at  the  extremities  of  the  secondaiy  axes,  so  that  theee  edges  hare  the  same  relik 
tive  situation  as  the  lateral  edges  of  a  rhombohedron ;  and  in  fact^  the  eaaieat  way  of 
oonceiring  the  generation  of  a  scalenohedron  is  to  suppose  the  principal  axis  of  a 
rhomboh^ron  to  be  elongated,  and  straight  lines  drawn  from  the  extremities  of  this 
elongated  axis  to  the  lat^al  summits  of  tiie  rhombohedron. 

A  scalenohedron  is  determined  by  the  dimensions  and  position  of  therhomboliednm 
from  which  it  may  be  oonceiTod  to  be  formed,  and  by  the  number  of  times  that  the 
axis  of  that  rhombohedron  must  be  multiplied  to  produce  it ;  the  latter  is  indicated 
,by  placing  a  superior  figure  to  the  right  of  the  symbol  of  the  riiombcAedron ;  thus  a 
scuenohedron  whose  rertical  axis  is  i>  times  that  of  its  generating  rhomboliedzon  siB, 
is  denoted  by  the  symbol  mS". 

Fig.  262.  Fig.  263. 


Sealenoliedions  are  fbrther  distinguished  as  +  or  — ,  according  to  the  position  or 
order  of  the  generating  rhombohew)n,  or  according  as  the;^  are  prodnoed  by  the 
extension  of  one  or  the  other  set  of  alternate  faces  of  the  primitiTe  dodecagoaial  pyia* 
mid.  The  opposite  forms  are  shown  in  fia*.  252,  253.  The  form  +  I^  ooeazs  in 
ealcspar,  constituting  the  yariety  called  do^a-tooth  »par  {fig.  123,  toL  L  n.  722). 

The  terminal  summits  of  a  scalenohedron  are  often  acuminated  with  ibrse  £mms  of 
the  rhombohedron  from  which  the  scalenohedron  may  be  supposed  to  be  derived,  the 
combination-ed^  being  parallel  to  the  lateral  edges  of  the  scalenohednm,  as  in 
fig.  254,  which  is  also  a  form  of  ealcspar.  The  lateral  summits  are  also  frequently 
truncated  by  the  faces  of  the  first  hexagonal  pyramid  co  P,  and  the  lateral  e^es  by 
those  of  the  second  hexagonal  prism  ooF2. 

3.  Other  hemihedral /omu.—ThB  double  dod(K:^^nal  pyramid  mPn  (fig.  234)  ma^ 
become  hemihedral  in  tiie  same  manner  as  the  double  eight-sided  prism  of  tae  (joadratie 
system  (p.  133),  viz.  by  the  extension  of  each  alternate  pair  of  faces  meeting  in  a 
latcoral  e^ge.  The  figure  thus  produced  is  a  double  six-sided  prism  of  the  third 
order.  Erny  dodeeagonal  pyramid  yields  two  such  hexagonal  OTramids  of  tlie  third 
order,  aoocnrding  as  one  or  other  set  of  alternate  faces  is  supposed  to  grow.    The  base 
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of  one  of  these  pTramida  is  renreMntM  by  the  foil  Ene«  in  {Jiff.  2fi5),  that  of  tilt 
other  by  tho  dotted  lioea.  Tho  lateral  mmmits  of  each  of  thne  pTramids  are  situated 
between  the  aecondary  axes,  and  at  unequal  distances  from  each  pair  of  axes. 

Hexagonal  priBms  of  the  third  order,  -—»— »  ve  produced  in  like  maxmei 

from  the  dodeeagonal  prism. 

This  kind  <rf  hemihedry  is  strikingly  exhibited  in  apatite.  In  fij.  241  (p.  139)  thit 
eembinatioD-edge.  vhieh  each  face  of  2P2  forms  with  the  two  contiguoiu  faces  of  qbF, 
may  be  truncated  by  a  faee  of  a  dodecmgonal  pyramid,  as  in  beryl  (^.  243,  p.  140), 
where  the  twenty-four  small  faeee  denoted  by  *  belong  to  the  pyramid  3Pf .  In  apatite, 
however,  only  half  of  these  combination-edges  are  thus  truncated,  viz.  those  which  each 
fiioe  2P2  forms  with  the  face  oo  F  to  the  loft  of  it,  while  tho  one  to  the  right  remains 
unaltered  ifia-  2fi6).      The  truncation-faces,  therefore  (represeated  by  i»  in^.  266), 

belong  to  the  bcmihedral  form  —i.    In  like  manner,  of  the  two  combination-edgei 


i^.  260. 


Pig.  267. 


^.268. 


*F 


i 


which  each  &ce  aBP2  forms  with  tlie  two  contiguous  fkcea  okF  (/^.  242),  one  only  Ii 

truncated,  the  feces  p  {fig.  266)  belonging  to  the  hexagonal  prism     ^  ^, 

The  hexagonal  mramid  of  the  second  order  (p.  138)  may  also  become  bemihedrml  by  the 
obliteration  of  bslf  of  its  faces  in  the  manner  just  described,  the  renlting  figurt  being 

a  double  trianglar  pyramid  — ^,  having  an  equilateral  triangle  for  its  base.     It  nerer 

occurs  alone,  but  is  found  in  quartz,  replacing  half  of  the  sommits  formed  by  the  faces 

of  the  two  opposite  and  equally  developed  rhombohedrons  +  K  and  —  R  (p.  140)  and 

the  hexagonal  prism  «  R.     If  the  crystal  were  holohf  dral,  tho  whole  of  these  summits 

wonld  be  thus  replaced,  and  the  combination  would  be  that  represented  in  ///.  267, 

where  the  fucea  x  belong  to  the  sceocid  hexagonal  pyrtimid  2P2.     In  reality,  however, 

2P2 
only  half  these  summits  at*  thus  replaced,  oa  represented  by  the  faces  x  or  -r->   is 

fig.  26Jt  * 


t4f 
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Fig.  269. 


Hexagonal  prisma  of  Ott  iic<?ond  order  likewise  become  hemiho«lral  by  the  oblitewUoa 
of  half  ^oir  fucea  alternately  situated,  producing  triangulax  prisms. 

Tetartohfdry.—Clvkixiz  affords  a  remarkable  cxttrople  of  a  combination  iu  whiefa 
only  one-fourth  of  the  posable  faces  are  pr«ent  (p.  121).  The  combination-edge* 
between  the  fiice*  *  and  oc R  are  often  trancated  by  faces  y,  belonging  to  a  dodeeagoaal 
pyramid,  6P| ;  bat  of  the  twexity-four  faces  belonging  to  thia  form,  six  only  are  preacot, 
as  ahnwn  in  fig.  258.  Qnaitz  likewiae  exMbits  other  forms  of  tetaj-toboaial  derelop- 
menU 

Trlm«trle  or  XUomblo  Byatenu 

Pri9matic,  Bi^ht  prit matte,  Orihotypic,  Itoclink,  Ifolohcdro-rhombotrtmeirie  Syttfm 
(Zttiei-  und  twaglitdn'grt,  ein-  und  cinaxigta  Syttem). 

CiTstalB  belonging  to  this  Byetem  hare  three  recton^ar  axea,  all  of  different 
letigthfl ;  in  other  words,  tltey  are  anequally  dercloped  in  three  directions  at  right 
anglee  to  each  other.  The  axes  are  likewise' dissimilar  in  thia  respect,  that  they  ter> 
minate  in  dissimilar  parts  of  the  crystal. 

The  three  axes  ofatri metric  crystal  are  therefore  gin  gular  axes  (p.  120),  and  there 
iano  reason  for  conaidering  either  of  them  as  a  principal  axis  rather  than  the  othen^ 
It  is,  howevor,  oonrenieut  to  regard  as  the  princifMl  axij^ 
that  one  of  the  three  in  the  direelion  of  which  the  crystal  is 
to  the  greateet  extent  priamatically  developed,  or  to  which 
the  greatest  number  of  ncea  are  parallel.  This  axis  we  shall 
BuppoBB  to  be  placed  vertically,  and  denoted  by  the  letter  f. 
Of  the  two  secondary  axes,  the  shorter,  called  the  brachy 
diagonal  fa),  will  be  supposed  to  extend  from^  left  to 
right;  the  longer,  or  macrodiagonal  (A),  from  back  to 
front  (fy.  269).  The  relative  lengths  of  the  three  axes  vaiy 
greatly  in  different  crystals  belonging  to  this  system;  io 
snlphnr,  the  proportion  of  a :  A  :  c  is  6'8l :  1 :  I'SO ;  in  neutral 
sulphate  of  potassium,  it  is  0746  :  1  :  0'573. 

A  plane  passing  through  any  two  of  the  axes  is  called  a 
principal  section,  and  is  farther  distinguished  as  basal 
when  it  passes  through  the  two  secondary  axes^  macrodiagonal  when  it  passes 
through  the  principal  and  longer  secondly  axis,  brachydi agonal  when  it  passes 
through  the  principal  and  shorter  secondary  axis. 

The  most  general,  and  at  the  same  time  the  simplest  form  of  a 
trimetric  cr5'8tai,  whose  faces  meet  the  axes  at  the  distances  a  b  c 
fitum  the  eeatro  is  a  symmetric  eight-aided  pyramid  *  {fi^t.  259, 
26U),  having  its  summits  at  the  extremities  of  the  axes.  Its  faces 
are  all  scalene  triangles.  Its  twelve  wlgee  are  of  three  kinds,  vii. 
four  lateral  edges,  B  C,  sitaated  in  the  basal  principal  section, 
foar  terminal  edges,  A  C,  in  the  macrodiagooal,  and  four  terminal 
edges,,  A  B,  in  the  brachy  diagonal  principal  section.  All  the 
three  principal  sections  are  rhombuses,  bat  with  different  angles. 
Hence  this  form  is  called  a  rhombic  pyramid.  The  six  summits 
are  also  of  three  kinds,  viz.  two  terminal  summits,  A,  two  lateral 
HUmmits,  B,  at  the  extremities  of  the  brachydiagonal,  and  two 
lateral  summits,  C,  dissimilar  to  the  latter,  at  the  extremities  of 
the  macroiiiagonaL 

The  general  symbol  of  a  rhombic  pyramid  is : 

a    :    6    :    c,  or  P. 

The  particular  form  varies  with  the  ratios  between  the  axesi 
When  two  or  more   rhombic  pyramids  occur  together  in  the 
same  crystal,  they  are  diatinguiBhed  by  symbols  aimil&r  to  those 
nsed  in  the  preceding  systems. 
If  the  secondary  axes  remain  the  same  and  the  principal  axis  raries,  the  fonnola 

becomes:  ^  _ 

a   :    b   :    me,  or  iwP, 


I :  ft  :  c  =  0  ■ :  1  :  0-9. 


Fig.  260. 


•  It  If  imnorUnl  to  obwrre  how  the  Jnterprrtatlnn  of  *  crjiUllogTiphlc  fonnula  rariey  acco 
he  l.w  of  ivn.mrtrj  of  «h*  CT]r»l«l.  th«  I*  to  My,  «««rdlii«  la  thf  «««.«  to  ijhich  ll  belong! 


according  Ri 
In  the 


ri'i^i^JTf^lMT'  and  Yn  the  rrionommic  »y»trni.  which  tncludr*  the  fom«  (^iially  drvrlopvd  In  th* 
direcli  on  or  HI  (hr«  .ic.  the  proc«.  U.t  ie^nb^  ha*  to  b.  TPp«jj«l  three  ti™«.  regarding  «Mb  aak 
In  turo  u  M  pnndpii]  axU  j  l>euc«  rotu)u  a  Hgurc  having  a  x  10  =  «  tide*  {p.  131). 
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tbe  pjTmmid  bccomiog  more  acute  or  moro  obtoM  in  Uie  Tertical  direction,  according 
tut  M  is  greater  or  \es$  than  1. 

If  the  macrvKiittgonul  Tariea,  while  the  other  two  axes  remain  the  mme,  the  ibrmiil« 
he«oio«*: 

a   :    nb   :    e,  or  Pn, 

and  if  the  principal  asui  rariea  at  the  same  time : 

a    :    nb    :    mc,  or  flil*n, 

which  represents  pyramids  more  or  less  elongated  in  the  dir»elion  of  the  axis  h.  )ic> 
cording  aa  »  is  greater  or  smaller.  In  lilce  manner^  the  Tariation  of  the  brachydiagonal 
giToa  the  forma : 

na    :    b    :    mc,  or  mrn, 

When  m  or  n  becomes  infinite,  the  faee«  become  parallel  to  the  principal  ot  one  of 
the  seoondaiy  axes,  and  indeflnitelj  elongated  in  tiie  corresponding  direction, 

a   :    b   :   «Qe,  or  poP 

repreaeota  a  rhombic  prism,  whose  £ucf»  maet  the  secondary  axes  at  the  distances  a,  h 
from  the  ceotr*  (these  axes  fbnung  its  diagOBils),  tad  extend  indefinitely  in  thedirec* 
tion  of  the  Tsrtieal  axssL 

a    '.fib    '.    00  0,  or  oD  P», 
and  na    ',    b    :    oo  c,  or   oo  ^n 

likewise  represent  indefinite  vertical  prisms,  but  with  different  horizontal  sections 
a    '.    oab    '.    Ttic,  or   mVvo 

represents,  in  like  manner,  a  eerie*  of  prisms  whose  faces  are  parallel  to  the  maeredia- 
prmnl,  and  whose  sections  perpendicular  to  that  axis  are  rhombuses,  baring  a  and  m* 
tor  their  diagonala. 

Qoa    :    h    :    mCf  or  raj^co 

represents  a  series  of  prisms  whose  faces  ext^^id  indefinitely  pamllfl  to  the  brachv^a* 

rsl,  and  whose  sections  perpendicular  to  that  axis  are  rhombuj»eM,  hi^ving  6  and  m  e 
their  disgonala. 
The  prisms  rn^oo  and  mPoe ,  whose  &ees  are  parallel  to  one  of  the  Aecondflry  axea, 
are  called  domes  (fix»m  domutt  a  house),  because  they  terminate  the  crystal  in  ttifi 
rnrtkal  direction  like  pitched  roofis  {atufigt.  266 — 268),  and  are  farther  diatiDguieihpd 
aa  maerodiagonal  orbrachydiagonal  domes,  according  to  the  direction  in  which 
they  extend.    The  formula 

<t    :     o»4    :     me,  or  ccPoo 

represents  a  pair  of  indefinitely  extended  planes  passing  through  the  extremities  of  the 
bruchydiagonal,  and  at  right  angles  thereto,  or  panUel  lo  the  maerod^agoaal  section ; 
and 

00  a    :    b    :    oo  c,  or  oo  Poo 

represents,  in  like  manner,  a  pair  of  infinitely  extended  planes  parallel  to  the  braehy* 
diagonal  section,  and  passing  through  the  extremities  of  the  maerodiagonaL 

Whaa  0  a  o  (whatever  may  be  the  lengths  of  the  secondary  axes),  the  form  is  rs* 
dnced  to  a  single  plane,  the  trrminal  face  oP,  parallel  to  the  basal  section. 

The  prisma  and  the  terminal  planes,  being  unclosed  forma,  occur  only  in  combination. 

The  following  table*  exhibits  a  summary  of  all  the  forma  of  the  trimetric  system 

*  T>i*  formij]*  «bo*^  K^v'n  for  titli  *Dd  th«  preceding  ij'ttemi  ne  thtt*t  oHftniilljr  propM^d  by  N«a- 
Tnann  aod  adopted  bf  Knppand  many  other  vrllFri.  Dana  ut«i  ilmilar  forinuic,bu(  ifaortenithrio  bjr 
•itppretj^ing  the  P.and  (•spreMinc  intoaitf  bjr  i  or  I,  Inaiead  of  ■».  The  primarjr  fonn  a :  A  :  c  U  dciMtod 
iy  )  ;  the  other  (ortni  in  th«  nuumer  ahoirn  In  lh«  follow Ing  tAbt« ;— 


•P*  m  a 

<iF  .0 

Tit*  «prr«»ln«n  aied  In  the  mor»«>mrtrl<r,  dimetrlc.  and  heaaKona)  lytteiiii  are  ol  tlirtllar  rharM-tri. 
TtMSe  foraaul*  arr  certainly  ihorier  than  ibo»e  ol  Nmm»nTi,  and  the  P  In  thp  lafter  [or  the  O  In  (ha 
moaoMMtrtc  Miiem)  do*-!  not  odd  much  to  the  Mnie  ;  but  on  the  other  hand.Natiinann'i  (onnular  ttrika 
IIm  ays  t>r|tcr.  and  arr  more  dtutnci  frrrin  antihlng  «Ue  in  the  trkt  lli^n  the  »h<irter  formul*  c>f  Dana. 
{far  the  nto4«  of  reprrwotstion  suiopt'^  by  IM  I  Her,  »*«  the  new  edition  of  PkiUint't  UtmeraiotM,  t>l 
W.  J.  Btooka  and  W.  H.  MtHet.    l^iuton,  IBML]  ^^ 

Yot.  IL  L 
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[m  denotes  a  mtxltiplier  ▼arying  in  magnitade  firom  0  to  oe;  n  a  multiplier  Taiying 


from  1  to 
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Combinatloiia.  The  pyramids,  prisms,  domes,  and  end-facra  of  thetrimetric  systen 
form  a  laige  number  of  combinations,  of  which  the  following  may  be  regarded  aa  th« 
most  important. 

The. terminal  edges  of  the  primaiy  form  are  acuminated  by  those  of  aa  obtoser 
pyramid  of  equal  base,  the  combination-edges  being  parallel  to  the  lateral  edges  of  the 
primary  form,  as  in  >E^.  261,  which  is  a  form  of  sulphur.  The  braehydiagonal  dome 
Poo  truncates  symmetrically  the  macrodiagonal  terminal  edges  {fig.  262),  and  in  like 
manner,  the  macrodiagonal  dome  Poe  produces  symmetrical  truncation  of  the  braehy- 
diagonal terminal  edges,  the  oombination-edgea  being  in  both  cases  parallel  to  each 
other.  Acuter  and  obt user  domes  (mPoo  ormPoo,  for  which  m^l)  would  likewise 
replace  the  terminal  edges  wholly  or  partially,  the  combination-edges  conTeiging 
towards  the  terminal  summits  when  the  dome  is  more  acute  than  the  prunazy  trom 
(»i  >  1),  and  direi^ging  in  the  contrary  case. 

The  terminal  summits  of  the  primaiy  form  are  truncated  by  the  basal  end-fiices  oP 
{fig.  262) ;  the  macrodiagonal  summits  by  the  braehydiagonal  end-faces  ooil^ao  ;  and 
Ihe  braehydiagonal  summits  by  the  macrodiagonal  end-faces  ooPoe.  If  these  two 
pairs  of  end-£u;es  predominate  together  with  the  primary  form,  the  result  is  a  ccnmbi- 
nation  like^.  263,  a  form  of  uranic  nitrate. 


Fig.  261. 


Fig.  262. 


Fig.  263. 


The  lateral  edges  of  the  primaiy  form  are  symmetrically  truncated  by  the  prism 
ooP  baring  the  same  base  or  secondaiy  axes ;  if  the  latter  predominates,  the  pyramid 
P  forms  4-fac^  summits  to  it,  the  combination-edges  being  parallel  to  the  base  and 
to  each  other,  as  in  sulphate  of  sine  {fia.  264) ;  but  in  the  combination  of  a  prism  and 
a  pyramid  haring  different  bases  (t.  e.  naring  their  secondaiy  axes  in  different  ratio  to 
each  other),  the  combination  edges  are  inclined  to  one  another,  as  in^«  271,  a  form  of 
inlphate  of  potassium,  which  exhibits  the  combination  of  P  with  osP2. 

The  edges  of  a  prism  in  which  the  macrodiagonal  terminates  (the  acnter  edges  is 
ooP)  are  truncated  by  the  braehydiagonal  end-faces  oo  P  ob,  and  the  braehydiagonal 
edges  by  the  macnxuagonal  end-faces  ooPoo  {fig.  215).  The  aeuter  edges  of  the 
prism  ooP  are  bevelled  by  the  fiicee  of  a  prism  ooPn  of  different  transverse  section 
(«.  g.  by  aeP2,  in  fig.  265,  a  form  of  topaz),  in  which  it  may  also  be  observed  that  the 
forms  P  and  ooP,  which  have  the  same  base,  form  parallel  combination-edges ;  wherras 
P  and  00P2,  which  have  different  bases,  form  combination-edges  inclined  to  each  other. 
In  like  manner,  the  obtuse  angles  of  ooP  are  bevelled  by  a  prism  ooPn  of  different  hori* 
Eontal  section. 

The  prism  ooP  is  symmetrically  truncated  at  the  end  by  oP,  and  it  is  bevelled  by 
a  braehydiagonal  or  macrodiagonal  dome ;  the  bevelling  faces  formed  by  the  macro* 
diaRonid  dome  rest  on  the  prismatic  edges  in  which  the  braehydiagonal  terminates,  as 
in  fig.  266,  which  represents  formate  of  barium ;  and  the  beveUing  &ces  formed  by  a 
braehydiagonal  dome  rest  on  the  prismatic  edges  in  which  the  macrodiagonal  tcrmi- 
— *",  as  in  acid  malate  of  calcium  {fig.  267). 
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Tho  Klgffl  of  ooF  may  also  be  replaced  by  end-fiues,  on  whidi  the  berelling^fteMi  of 
tiie  dome  then  rest  Sereral  domes  of  the  same  kind  may  also  Mcnr  together,  ■•  ia 
fiff.  268,  a  form  of  nitre,  exhibiting  the  faces  odP,  oo^qo  ,  2^ao ,  Poo ,  P. 

In  selecting  the  primaiy  form  and  the  principal  axis  di  a  complicated  trimetric  c6m> 
bination,  the  foUowbg  considerations  most  be  taken  into  account  When  pyramidal 
and  prismatic  faces  oeeor  together,  the  pyramid  is  regarded  as  tiie  primary  form.  When 


Fig.  266. 


Fig.  267. 


Fig.  268. 
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sereral  pyramids  oecor  together,  the  most  predominant  is  regarded  as  the  primary 
form,  unless  the  i^eater  number  of  faces  can  be  more  conTeniently  refeired  to  one  of 
the  other  pyramids.  When  trimetric  crystals  are  bounded  only  by  prismatic  and 
dome-fiwMS,  the  predominant  fiaces  are  regarded  as  belonging  to  the  pnsm  or  the  domes 
which  hare  the  simplest  formula  (  odP,  Poe ,  or  Pw  ),  and  the  axes  of  the  primary  form 
are  determined  accordingly. 

It  has  already  been  obs^red  that  the  principal  axis  in  a  trimetric  crystal  is  merely 
relatire,  not  abeolute,  as  in  the  dimetric  and  hexagonal  system^  and  that  the  axis  in 
the  direction  of  which  the  crystal  is  most  developed,  or  to  which  the  greater  number  of 
edges  are  parallel,  is  usually  r<>garded  as  the  pnncipaL  When  crystals  are  partially 
imbedded  in  a  matrix,  or  attached  to  its  surface,  the  most  complet^y  developed  extre- 
mity is  usnallr  regarded  as  the  upper,  and  the  axes  are  determined  accordingly. 
When  a  crystal  exhibits  only  one  set  of  pyramidal  faces,  these  are  regarded  as  primary, 
and  the  two  axes  which  are  most  neariy  equal  are  r^;arded  as  the  secondary  axes. 
If  a  crystal  exhibits  only  one  pyramid  and  one  kind  of  end-&ce,  the  axes  are  chosen 
so  that  these  faces  may  oe  represented  by  oP ;  if  it  has  two  kinds  of  end-face  besides 
the  p^mid,  it  will  appear  symmetrically  placed  if  one  kind  of  end-face  is  regarded 
as  oo  F  OS,  the  other  as  asf^ao. 

When  a  trimetric  crystal  exhibits  prismatic  faces,  the  axis  to  which  these  faces  am 
parallel  is  usually  regarded  as  the  principal ;  if  it  has  prismatic  fiacea  parallel  to  several 
axes,  that  axis  is  chosen  as  the  principal  in  the  direction  of  which  the  faces  are  most 
developed.  This  role  may  oftoi  appear  of  uncertain  application,  because  different 
OTStals  of  the  same  substance  may  be  most  developed  in  di£forent  directions;  bat 
when  the  choice  of  a  principal  axis  has  once  been  made^  it  must  be  maintained  throngh- 
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out  the  deecription  of  the  ciystal,  hovever  mucli  pertictilar  modificatkna  msj  tw 
developed  in  other  directions. 

The  followiiig  are  examples  of  the  determination  of  somewhat  oomplicat«d  erjstals 
belonging  to  the  trimetric  i^stem. 

Sulphate  of  potassium,  K*SO*,  exhibits  considerable  rariety  of  form.  The  crjsUls 
exhibit,  for  the  most  part,  the  most  decided  prismatic  derelopmeDt  in  the  directi<» 
which,  in  the  following  ii^;ureB  (269  to  27£),  is  placed  vertically.  The  primarv  form  is 
a  rhombic  pyramid  ea  be  a'  {fig.  269),  whose  axes,  represented  by  the  dotted  lines,  are 
in  the  proportion  a :  6  :  c  -=  07464:  1 :  0-6727.  Thisprimary  form  is  often  modified  \rr 
the  faces  of  the  vertical  prism  osP2.  The  horizontal  axes  of  this  prism  are  2a  and  A, 
or,  what  comes  to  the  same  thins,  a  and  ^b.  Two  of  its  faces  will  thcnrefore  pass  through 
the  points  a,  a'  and  a  line  de  drawn  through  the  middle  point  of  O^  parallel  to 
the  vertical  axis, — or  at  least  will  be  parallel  to  planes  so  drawn.  If  thqr  pese  ezactiy 
through  the  point  a  and  ^b,  they  will  intersect  the  faces  P  in  the  lines  aa^  a'  d,  a  «, 
a'  tf  and  wUl  produce  a  form  (  ooP  .  ceP2  equally  developed)  scarcely  distinguishable 
from  a  hexagonal  pyramid.  That  its  faces  are  x«aUy  of  two  kinds  may,  however,  be 
known  from  the  fact  that  the  faces  oo&2  appear  sometimes  less,  sometimes  more 
developed  in  czjstuls  of  the  same  salt,  as  in  figa.  270,  271.  Moreover,  the  fiii<ce8  oo^ 
in.  fig.  269  are  isosceles,  while  the  faces  P  are  scalene  triangles ;  and  of  the  six  edges 
edf  de,ee',  &&,  lyinf  in  the  macrodiagonal  principal  section  (whichmij^t  be  taken 
for  lateral  edges  of  a  hexagonal  prism),  two  belong  to  the  prism  oaF2,  and  the  torn 
others  are  terminal  edges  of  the  pyramid  P.  The  former  meet  at  am  angle  of  112° 
41',  the  latter  at  112^  22';  the  former  mi^be  replaced  by  deavage-pUnea,  the  latter 
eannot    The  twelve  edges,  00,  c a',  Jo,  da\  Sue,  which  might  be  taken  for  the  ter- 
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minal  edges  of  a  hexagonal  prism  are  also  dissimilar,  foor,  via.  e  a,  eo*.  e'o,  eV, 
being  terminal  edges  of  P  situated  in  the  bracfaydiagonal  principal  section,  and  the  resfe 
combination-edges  between  P  and  obP2. 

In  fig.  272,  the  macrodiagonal  terminal  edges  of  P  are  truncated  by  the  fiusee  of  a 
prism  forming  parallel  combination-edges,  tiierefbre  j^os;  and  the  edges  of  osPs, 
through  which  tne  macrodiagonal  passes,  are  truncated  by  od^  ca.  The  combination 
thus  prodaoed  is  veiymuch  uke  the  hexagonal  combination  odP  .  P  found  in  qnaiti 
{fig.  288,  p.  139).  Were  this  the  only  known  form  of  sulphate  of  potassinm,  the  axis 
wBch  inj^.  272  appears  as  the  brachydiagonal,  would  be  taken  for  the  ptineipa}  axi^ 
because  it  is  the  one  in  which  the  crystal  exhibits  the  most  decided  prismatic  aerelop* 


.Fig.  271. 


-P^.  272. 


Fig.  278. 


neat    Tliii  aziB  is,  however,  not  actually  regarded  as  the  principal,  beeaaae  a  pe^ 
M3j  taadlax  combination  is  known,  yiz.fig.  273  (the  same  as  the  precedii^  without 


P<o\  in  which  the  prijinatic  faces  wPao ,  acP2,  parallel  to  the  rertical  axis,  nrr  hy 
far  Uie  most  predomiiunt.  loy^.  274  the  faces  qo|>2  luid  ^ao  pitKloDiinate,  so  that 
the  P-fOfCM  beoome  rtry  boisII,  bat  ar«  rtill  Ua^  enough  to  »how  that  the  faen  of 
the  rertical  priam  do  not  form  horixontal  combiDatioD-edgea  with  tliem,  and  conae- 
qaently  that  thia  nriam  tnoat  have  a  different  base  (or  ita  aecondaiy  axca  in  different 
propartiDiui)  from  P ;  alao  that  the  predominant  brachydiagoiuJ  dome  forma  with  P 
combioation-edgaa  pv&lldl  to  the  macrodiogonal  section  (and  to  each  other),  tiud 
therefore  that  thia  dome  is  f «  (not  mtoo,  where  m  ia  greater  or  leaa  than  unity). 
The  cr^'Htal  baa  likewiw  amall  triangular  facea  belonging  to  a  brachydiagonal  dome 
more  acute  than  Poo  ;  angular  meaaonmeat  abowa  them  to  be  Spoo . 

Laittly  in,  fig,  276,  the  primary  form  P  is  combined  with  f  oo ,  odPod  ,  obP«e  which 
facca  are  eaaily  determiiMKi,  and  two  vertical  priama,  one  of  which  forme  honxonul 
eombination-edgea  with  P,  and  ia  therefore  ooP,  while  the  other  evidently  cornea 
under  the  formula  a»Pn,  and  ia  found  by  angular  meaanrement  to  be  oo^. 

A  remarkable  example  of  the  rarioui  directions  in  which  ciystala  of  the  aama  anb- 
•tancfl  may  be  priamatically  deToioped,  ia  afforded  by  natire  aulphata  of  barium, 
Ila^SO*.  One  of  ita  forma  ia  ahown  in  J^.  276,  which  (^ibita  aeveral  rertical  pris- 
matic facca ;  and  aa  the  loaie  bcee  occur  more  or  leaa  developed  in  aereral  other  forma 
of  tlie  name  aubatance,  thia  axia  ia  regarded  aa  the  prindpaL  Regarding  the  pyramidal 
faces  P  aa  tbe  primary  form,  two  domea  may  b*  obecrved,  which  tnuicatc^ayrome- 
trically  the  acute  and  obtuse  edgea  of  P :  these  domea  are  therefore  P  oo  and  P  od  j  but 
tbe  rertical  priam  whoee  faces  form  with  P,  combination-edgea  not  parallel  to  each 
other,  ia  a  aecondary  priam  of  the  general  fonn  ocfn  (where  n  >  1),  bccaoae  the  com- 
bination-edges which  it  forma  with  F  diverge  towaida  the  macrodiagonal  principal 
section  [a  priam  oaPn,  in  which  n  c  1  would  form  with  P  combination-edgea  conrerging 
t'Owarda  that  section].  Angular  measurement  shows  that  this  prism  ia  00^2.  The 
end-fiac«  ocPa>  is  known  by  the  horixonUlity  of  ita  combination-edgea  with  Poo. 
The  facei  thus  determined,  t»  P2,  ob  P  oo,  P  «,  Pm,  alao  occur  alone  and  with  various 
degreea  of  relntive  development,  producing  cryBtala  of  very  different  character  The 
face  00^2  predominates  in  ^.  277  i  J^cs  in^.  278;  Poo  infi^.  279;  and  accordingly 
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the  combination  is  prisranlically  elongated  in  the  direction   of  the  rertical  axis  in 
fig,  277,  of  the  brachydiugoniil  iuyS^.  278,  and  of  tbe  macrodiagonal  in  fig.  279.    lu 
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■hort,  vliichflTer  azifl  may  be  chosen  as  the  principal,  ajttaia  dt  the  auBflnl  will  b* 
foond  which  are  prismatically  elongated  in  the  dim:tion  of  one  of  the  aecondaiy  i 
Fig.  280  i«  a  combination  similar  to  fiff.  270,  but  without  odJ^oo  ;  tbe  dominant 


fiue 


Fiff.  270. 
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u  ^00 ,  as  in>E^.  278 ;  bat  ^oo  is  likewise  more  Aireloped ;  oo!^  is  aabordiaatB  aoia 
Jiff.  270. 

The  choice  of  a  inimary  form  and  jnindpal  axis  for  any  sabstance  is  iMuding,  not 
only  for  all  crystals  of  that  particniar  substance,  but  likewise  for  all  that  sore  isoraor- 
phoos  with  it;  thos  the  oystals  of  ooelestin  (Sr'SO*)  most  be  referred  to  tibe  same 
primaiT  form  and  principal  axis  as  those  of  heaTT  spar  (Ba'SO*),  althouglk  oodestin 
generaUy  exhibits  a  form  like  fiff.  280,  prismaticaUT  elongated  in  the  direction  of  the 
macrodiagonaL  The  advantage  of  referring  all  isomoiphoiis  ciystals  to  the  same 
primary  form  and  principal  axis  is,  that  the  conesponding  &ees  are  then  naoce  ^mly 
made  oat  and  expressed  by  analogoos  symbols. 

Beiii|b«dral  rorau.    Khombic  pyramids,  by  the  growth  of  their  alteanate&eca 
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tin  the  others  disappear,  give  rise  to  rhombic  sphenoids,  in  the  same  manner  as 
quadratic  prisms  produce  ooadratic  sphenoids  (p.  136).  A  rhombic  epbenoul  is 
bounded  by  four  scalene  triangles,  and  of  its  six  edges,  only  the  opposite  pairs  are 
similar  to  each  other. 

Bhombic  sphenoids  have  hitherto  been  observed  only  in  combination.  A  remaik- 
able  instance  of  such  a  combination  is  exhibited  in  Jiff.  281,  the  ordinary  form  of 
solphate  of  magnesium  (Mg^SO*  +  7H*0),  in  which  the  vertical  prism  ao  P  is  termi- 
nated by  dome-shaped  summits  placed  in  opposite  directions  above  and  below.  In 
sulphate  of  zinc  (2^^S0*  +  7HK)),  which  is  isomorphous  with  sulphate  of  magnesimn, 
both  sets  of  alternate  P-faces  appear  together,  but  developed  in  different  degrees,  as  ia 
Jiff.  282. 

HKonoelinie  System. 

Monodinonutric,  Monodinohedral,  OUiqut,  Oblique  prismatic,  Clinorhombie,  AvgiHc 
Bffitem  {Zwd-und  eingliedriaea,  hemiedriteh-rhombuch-trimetritakeM  Syatem). 

The  forms  of  this  system  have  three  unequal  axes,  like  those  of  the  rhombic  syst^n, 
bat  differ  from  the  latter  in  having  two  of  their  axes  obliquely  inclined  to  one  another, 
while  the  third  is  at  right  angles  to  the  other  two.    Each  of  these  axes  is  %  ian^\^f 
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from  left  to  right,  th» 
Fig.  283. 


aais  (p.  120),  and  therefore  the  choie«  ctf  *princi|Mil  ui«  u  to  a  grc«t  extent  arbitruy, 
■a  in  tb«  rhombic  rfstem ;  bat  it  ia  usaol  to  ootuider  one  of  the  obliqiM  4X««  u  t£t 
prindpftl,  becauM  most  cryRtak  belonging  to  the  syatem  tre  prismatioui/  d«TeIoped  iu 
the  dirt?ction  of  one  of  these  oblique  axes.  Of  the  tiro  secondary  axea,  that  which  ia 
obliquely  inclined  to  the  principal  axis  la  c*U«;d  the  clinodiagocal,  and  that  which 
ia  perficDdiadar  to  the  other  two,  the  orthodtagonaL 

In  reprmeoting  monodinic  crj-atola,  the  aecondaty  axes  are  auppoaed  io  be  aitoated 
in  a  horiaontal  pUne,  the  cUnodiagonal  b  b  {fig.  283)  extending  fr 
orthodiagonal  a  a  from  back  to  front,  and  tlie  prin- 
eipel  axia  o  c  from  rii^ht  above  to  left  below.    In  this 
mode  ct  reprcventalioo,  thi'  principal  axis  and  clino- 
diagpnal  appear  of  their  true  relative  lengths,  aud 

at  their  true  inclination  ( —  76**  in  the  figure) ;  but  ^  >-    /  /    U 

the  orthodiagonal  ia  fore-ahortened  and  appeam  ob-  y/^  y   /     f 

lique  to  the  other  two  axea,  though  really  perpt'ndi-  y^       /   I      \ 

cxuar.  Section*  pdaaing  through  the  planes  of  any  two       jt      j;,  _^(/__X--4*^.r 
axrti  are  called  principal  eecliona,  aa  in  the  pre- *< 
ceding  ayatem,  and  are  diatingoiahed  aa  baaal,  uli' 
nodiagonal,  and  orthodiagonal,  according  to  \     i    • 

the  axee  through  which  they  paaa.  i^   *^\    /  / 

For  every  monodinic  crystal,  the  rmtioof  the  three 
axea  (the  length  of  the  dmodiagonal  being  taken  aa 
unity)  and  the  inclination  L  of  the  principal  axis  to 
the  cUnodiagonal,  have  to  be  determined  by  angular 
mcMorement  and  calcahition.  The  value  of  L  varies  considerably  in  different  crrstala; 
in  aome  it  i»  nearly  90<»,  while  in  others  it  differs  eon«idf  rubly  therefifom.  For  rerroM 
•olphate,  a  :  d  :  tf  =  0-818 :  1 :  1"267  ;  I.  -  75«  40' ;  for  fehspar,  a  :  6  :  c  -  1-619  : 1  : 
0-844 ;  Z  -  63°  53*. 

The  primary  form  in  this  system  is  the  monoclinio  pyramid  {fig.  283)  bounded 
by  eight  scalene  triangular  facea,  which  meet  the  axce  at  we  distanoes  a,  A,  c  from  the 
centre.  This,  however,  is  not  a  simpU  form,  for  its  faces  a^e  of  two  kinds ;  four  of  them, 
which  are  opposite  to  the  acute  angles  of  the  axial  system  and  meet  in  the  edges  A  above 
and  below,  are  equal  and  similar  to  ea«h  other;  and  the  four  which  are  opposite  to  the 
obtosc  an^lca  of  the  axea  and  meet  in  the  edges  B,  are  also  equal  and  similar  to  eadl 
other,  but  unequal  and  dissimilar  to  the  ftirmer.  Theee  two  sets  of  fi^es  ioaj  ooev 
in  cotobinutioas  quite  independently  of  each  other,  and  a  monodinie  crystal  may  1m 
dcurable  in  directions  parallel  to  one  set  of  faces  but  not  to  the  other.  Neither  of 
them  by  itself  constitutes  a  dosed  form ;  bat  the  four  faces  of  either  set,  if  sufficiently 
extended,  form  an  endless  prism  obliqudy  inclined  to  the  prindpal  azis  and  the  dino- 
diagonaL 

A  complete  monodinic  pyramid  has  two  terminal  summits  c  <?,  and  four  kt«ral 
summits,  two  at  tiio  ends  of  eadl  secondary  axiti.  It  has  four  similar  lateral  edges  D, 
joining  the  ]iit«>nl  summits,  four  similar  terminal  edges  C,  joining  the  extremities  of 
the  principal  axis  and  ortbodusonal ;  and  four  other  terminal  edges  joining  the  ends 
of  the  principal  axia  and  dinodiagona^  the  shorter  on«,  A,  being  opposite  to  the  acute 
angles  of  the  axes,  and  the  longer,  B,  opposite  to  the  obtuse  angles. 

The  prinaiy  monodinic  pynimid  is  denoted  by  the  symbol  P ;  but  as  its  two  sets  of 
ftees  ore  diasimUar,  and  may  occur  indepeDdpntlj  of  each  other,  the  four  &ees  meeting 
in  the  edges  A  are  denoted  by  ■«-  P,  and  the  four  which  meet  in  the  edges  B  by  —P; 
the  doeed  pyramid  containing  all  the  ei);ht  faces  is  +  P. 

From  this  primary  form,  others  may  bo  derive^  aa  in  the  rhombic  system,  by 
variation  of  the  length  of  cither  of  the  three  axes.  The  variation  of  the  prindpal 
axis  u  denoted,  aa  before,  by  placing  before  the  P  a  multiplier  m,  which  may  have  idl 
values  from  o  to  ».  The  variations  of  the  secondary  axes  are  denoted  by  nkdng 
after  the  sign  P,  a  number  n,  which  may  have  all  values  from  1  to  cs,  the  formula 
being  eadoMd  in  bmcketa  when  the  variation  refers  to  the  clioodiagonal,  not  endosed 
when  it  refins  to  the  orthodiagonal 

m  —  o  gives  the  end-faces  oP,  which  cut  the  prindpal  axis  and  are  paralld  to  the 
other  two. 

The  pyramids  mP,  acuter  or  obtuser  than  the  primary  form,  socording  as  m  >  or 
<  1,  have  the  same  base  as  P ;  and,  like  that  form,  have  two  Nets  of  fiiecss  aistinguishcd 
OS  -r  mP  and  —  mP.  The  oblique  rhombic  prijsm  on  the  same  base  as  P,  has  the 
symbol  ooP. 

The  pyramids  mPti,  [mPnl  and  the  oblique  prisma  qoPn,  [ooPn]  have  rhombis 
hsism  difTc'ring  in  form  from  that  of  P. 

The  symbol  [alPoo  ]  repreAents  a  series  of  clinodiagonal  domes,  that  is  to  say, 
priams  wboea  fiioes  and  edges  are  parolld  to  the  clinodiagonal  [I^ao]  ii  the  clino> 
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diagonal  dome  of  th«  primary  form:  tta  four  faces  &r«  aimilar,  a&J  ita  tnuurrerM 
MctioDn  Are  l-hoiiiliU8««  aimilar  to  tbe  orMiodiagonal  priocipal  section,  caca  {/iff,  283). 

mPoo  is  the  aymbol  of  a  series  of  orthodiugonal  domes,  acut«  or  obtoor,  ar- 
cording  to  the  value  of  m.  The  four  faces  of  imch  &  dorue  are  not  all  similar ;  two  rf 
them,  which  BJtJ  opposite  to  the  acut*  anj^lcs  of  theaxiid  sjatem,  are  distinguished  u 
-«■  m  F  00  ;  the  other  two.  which  are  opposite  to  the  ohtuse  angles  of  the  axul  system, 
u  —  w  Poo.  Either  of  them  may  be  present  without  the  other.  +  P  oo  is  the  ortho- 
diagonal  dome  of  the  primary  form ;  its  transrerse  sections  are  Bunilar  to  the  dioo- 
diagonal  priacii>aJ  section. 

f  aoPceJ  represents  the  clinodiagonal  end-faces,  which  cut  the  orthodiagonal 
and  are  purHllel  to  tile  prindpoi  nxis  and  cHnodiHgonal ;  oo  Poo ,  the  orthodiagooal 
end-fuces,  which  cut  the  elinodiagonal  and  are  parallel  to  the  principal  axis  and  orthi> 
diagoaal. 

The  foUowing  is  a  tabular  view  of  the  forms  of  the  monodinic  system  : 


oPoo  -  oP 
oP»  -  oP 
oP 

[oPn]  -  oP 
[oP«  ]  =  oP 


(™<1) 
+  mPoo 
+  fliPn 
+  mP 

±r,«p«] 

[raPw] 


+  P« 
+  P« 
+  P 
±  [P«] 
LPoo] 


±  /nPoo 
+  mPn 
±  mP 
+  [viTu] 
[ntPflo] 


OcPw 

ooPn 
«P 

[acPn] 
[odPoo]* 


CoisbliiAtlona.  The  monoclinic  system  does  not  indade  any  dosed  simple  form*, 
•very  completely  developed  crystal  belonging  to  it  being  a  combination  of  dissimilur 
haea.  Even  the  nionoclinic  pyramid,  P,  is  a  combination  of  two  hemipyramids,  each 
consisting  of  four  facea  similar  to  each  other,  but  dissimilar  to  those  of  the  other  halt 

In  monocUiiic,  as  in  rhombic  ciystala,  the  foUiowinu;  rule  is  of  great  ose  in  deter- 
mining the  relative  positions  of  the  faces:  Ant/  tvx>  factt  which  cut  two  of  thr.  axts  at 
proportional  dutanres  from  the  crntre,  form  a  combination-edge  parallel  to  the  plant  oj 
thoM  am ;  thus,  two  faces  ^saoh  as  o  :  26 :  3r,  or  3F2  and  a  :  2b  :  5c,  or  6P2) 
whidi  cut  the  ortho*  and  diaoaiagoQal  proportionally,  intersect  in  an  edge  parallel  to 
the  basal  section. 

The  combination  of  the  baaul  end-lace  oP  with  the  prism  oo  P  (fy.  284),  so  f»»- 
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quently  predominates  in  monoclinic  oryetals,  that  it  m:iT  be  conveniently  taken  m  th« 
starting  point  for  the  description  of  the  rest.  This  eombinatioii  is  an  oblique  rbomhifl 
prism.  The  end-face  oP  ia  set  iiymmetrically  on  the  edges  b  situated  in  the  elino- 
diagonal  section,  obliquely  on  the  edges  a  in  the  orthodiitgonal  section.  This  combi- 
nation may  sonnetimes  be  easily  mistaken  for  a  rhoralx>hedron,  namely  when  the 
priamatic  edges  &  are  nearly  equal  to  the  corabination-edges  between  oP  and  »?. 
Ferrous  sulphate  (Fe'SO*+ 7H'0),  when  part  of  th^  iron  is  replaced  by  another 
metal,  as  by  copper,  often  takes  the  form  repreaeote'd  in  yftf.  285,  which,  if  the  luce 
••-  P  06  be  removed,  and  the  form  of  tht-  crystal  completed  in  the  manner  shown  by  the 
dotted  lines,  hm  veiy  much  the  appearance  of  an  acute  rhombohedron,  and  has  in  taei 
actually  been  mistaken  for  one.  In  the  rhombohedron,  however,  all  the  £sees  an 
eitnilar.  and  the  crystals  clciive  with  equiil  faeillty  parallel  to  either  of  them ;  but 
ferrous  sulphsite  exhibits  very  distinct  deava^e  pj*ralkl  to  oP,  and  much  lew  distinct 
parallel  to  «  P.  Moreover,  the  fitce  oP  makes  with  oo  P  to  the  right  in  front,  aa 
I  angle  of  80°  37',  and  w  P  to  the  right  in  fipont  makes  with  oo  P  to  the  right  behind,  an 
sngte  of  82*^  21^  wherea*  if  the  crystal  were  rhombohedral,  theae  an^jlcs  would  bo 

*  Dana'c  irmbnli  for  iIip  rnimi  urthrmonorllnlc  i^Mctd  «rfl  the  time  nt  thoie  forthe  rhocDMe. 
«~  nftir  p«ee  US),  Mceptinf  ihiit  nn  w  ent  >•  plac*-d  own  aH  ii|init>rftlt  or  le<ter«  refcirtog  to  Um 
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2aAl;  nnd  llie  ftice  +  Poo  is  sa  iw»c<?lM  trijnulr  irsting  symmetrically  on  oP  and 
liquoly  on  tli<?  two  faces  ooP,  whereas,  in  a  rhombohedriil  crjatal,  tlu*  i-oiTCsponding 
ftiee  oP  of  the  hejutgon^  system  would  be  an  eqiiilatcnii  triuigle  rcvtiug  symmetriealij 
oa  all  three  (tcon. 

The  cliiM>di«gOD«I  edgM  5  of  the  piism  »  P  an  STinmetTieaUy  tnincat»l  by  the 
orthodiagoDal  ead-facee  odPoo.  as  in  sugar  (fg.  286).  When  this  eomliioAtioD  it 
dereloped  at  one  end  only  of  the  ortbodiagooal,  it  is  not  easily  distinguished  froin  tho 

p 
hemihedral  combination  osP.  --  of  the  trimetric   system,  exhibited  by  sulphate  of 

magnesiom  {fg.  281,  p.  Id0)>  supposing  this  latter  to  be  deT^loped  at  one  extremity 

p 
only  of  the  principal  axis     The  two  faces  -  of  Jig.  281  may  then  exhibit  much  the 

•ame  character  as  the  faces  ocP  of  the  oblique  rhombic  prism  {Jig.  286),  two  face* 
06  P  of  y^.  281  being  Uk*  wtoo  situated  like  the  basul  eud-f&ceft  oP  of  the  oblique 

Eriam,  and  the  other  two  bice  the  ortbodiiigonal  end«facee  ooPas .    The  two  forms  differ 
ovever  in  this  respect,  tliat  the  four  faces  oeP  of  tlie  rhombic  prism  ore  simiiar, 
whereas  the  faces  oP  of  the  mopoclinic  ciystal  are  dissimilar  to  the  laces  ooPoo  . 

Tlio  orthodiugontd  vdgf*  a  of  the  prism  odP  are  symmetrically  truncated  by  tlie 
cli»o'liiigonal  end-faces  [oopoo],  as  in  femma  sulphate  {Jig.  287),  and  in  acetate  of 
aoOiuiu  C^.  291). 


Fig.  286. 


x_. 


Fig,  288. 


jP^- 


/i-K-); 


-'(P.i> 


-.P 


The  rombinatioa-ediJlea  between  oP  and  etTco  (Jia.  286)  are  of  two  kinds,  twoacata 
(the  right  above  and  Irfl  bdow)  and  two  obtuse  (the  left  above  and  right  below).  The 
former  are  trunrst«H)  by  the  -f  &ces,  the  latter  by  the  —  faces  of  the  orthodiagonat 
dome  +  P  oa.  Fig.  288,  shows  the  acute  edges  truncated  by  +  Poo ,  a  raodiflcation 
often  occurring  in  sugar.  The  four  combination-edgefl  between  oP  and  [  ooPao  ]  ore 
similar,  and  are  truncated  by  a  dinodiagonal  dome  IPoo  1  as  in  ferrous  stdpnate 
(./?//.  289). 

The  combination-edges  between  oP  and  ai?  (fig.  284)  arc  of  two  kinds,  four  acute 
u-  (the  two  right  abore  and  the  two  left  bt'low)  and  four  obtuse  v  (twoleflabove  and  two 
right  below).  The  former  are  traneated  by  the  +  faces,  the  lafter  by  the  —  faces  of 
a  pyramid  +  P,  baring  the  SMne  bnae  as  the  prism.  Fig.  290  shows  the  former  in 
the  eombination  ooP.  oP.  +F  of  fbrmate  of  copper;  Jig.  291,  the  latter  in  the  com* 
IniMtioD  ooP .  oP .  [  odPso  ]  .  -  P  of  acetate  of  sodium'.  The  +  and  -  faces  of  P 
may  likewise  occnr  together,  as  in  the  form  of  ferrous  sulphate  shown  injiq.  292;  but 
this  is  accidental,  the  occurrence  of  either  set  of  fiM^es  beuig  quite  independent  of  that 
of  the  othfir. 

The  combination-BummitB  between  oP  and  <at>V{fig.  284)  sre  of  three  kinds.  Four  of 
them,  X,  situated  in  the  orthodiagonal  principal  section  are  similar,  and  are  tmncatodby 
the  &oes  of  a  clinodiaf;onal  dome  [P  »],  or  more  grncnilly  [mPc»  ],  as  in  tsugar  {Jig.  288), 
and  in  ferrous  sotebate  (J5y«.  289,  292 ).  Of  the  other  four  combination-summita.  y,  x, 
(aitoated  in  the  cunodiagonal  sectioa),  the  two,  z,  which  are  opposite  to  the  acute  acglea 
of  the  axes,  are  acate,  and  tnuicated  hy  the  -f  faces  of  an  orthodi  agonal  dome  4  P«o 
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Fig.  290. 


Fiff.tn, 


or  -I-  mPoo ,  while  the  other  two,  jr,  opposite  to  the  obtuse  angles  of  tlie  axes,  mra  obbne^ 
and  are  truncated  by  the  —  faces  of  an  orthodiagonal  dome.  Fiff.  293  exhibitB  tb^  finrner 
of  these  modifications.  Jiff.  294  the  latter,  and  fiff.  292  both  together.  All  these  are 
forms  of  ferrous  sulphate.  When  the  -t-  and  —  faces  of  the  jMimaiy  form  P  occur 
t<^ther,  the  terminal  edges,  C  {Jiff.  283),  between  the  principal  axis  and  the  ortho* 
diagonid  maj  be  truncated  bj  the  clinodiagonal  dome  [Poo  ],  with  fi>rmati<m  of  paxaDel 
combination-edges,  as  in^.  292.  The  terminal  edges  of  P  opposite  the  acate  angles  of 
the  axes  (the  edges  A,  Jig.  283)  are  truncated  by  +  Poo ,  with  formation  of  parallel 
combination-edfes ;  and  those  opposite  to  the  obtuse  angles  of  the  axes  (B,  >?.  283) 
are  replaced  in  like  manner  by  —Poo .  Both  these  modifications  are  seen  in  fi^.  292. 
The   -f  and  —  &ces  of  an  acuter  macrodiagonal  dome  replace  these  sumxaits,  with 


Fiff.  292. 


Fiff.  294. 


fcrmation  of  combination-edges  conTciging  towards  the  extremities  of  the  principal 
axis,  as  in  acetate  of  copper  (Jiff.  296)  and  in  sulphate  of  nickel  and  potassiiim 
{Jifft.  296,  297).  In  Jias.  298,  299,  which  represent  the  same  combination  ^  fernw 
sufphate,  ooP  .  [  ooPoo]  ..oP.  +Poo  .  _P«o  .  -P.  -J  Poo  in  two  difiTerent  positioiis. 
the  Cms  -Poo  u  zeoogmsed  by  troncating  the  temunal  edge  between  eaofa  pair  of 
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—  P  &0M,  with  mnllel  oombination-edges.  In  the  nme  figures,  the  faces  of  an 
obtnser  dome  —  |  Foo  indoded  in  the  general  formola  — mPoo  (where  »»<  1)  may  be 
Noognised  by  forming  with  two  contiguoas  —  F  faces,  combination-edges  which  diverge 
fowuds  the  ends  of  uie  principal  axis. 

The  orthodiaflonal  edges  of  oeF  are  bereUed  by  the  faces  of  a  prism  of  different 
base  [  ooPn]  with  longer  dinodiagonal,  as  seen  in  fig.  296,  where  the  beveling  faces 
•re  [  oeP2] ;  on  tiie  other  hand,  the  dinodiasonal  edges  of  obF  are  beveled  by  the 
fitoes  of  a  prism  ooPn,  with  longer  orthodiagomu. 

The  en«ls  of  the  prism  odP  are  acomioated  by  the  ••■  and  —  &ces  of  the  pyramid 
P  with  cqiud  base,  as  in  gypsum  {^fig.  300).  As  the  faces  -t-  P  and  —  P  are  quite  inde* 


Fig.  300. 


Fig.  301. 


Fig,%VL 


Fig.  308. 


^.304. 


Fig.  30«. 


Fig.  90^ 


?^^^ 


/       <-P-) 


(Sf^ 


pendent  of  each  other,  one  set  may  be  quite  subordinate  or  even  absent,  in  which  case 
the  opposite  set  of  faces  form  oblique  benrelings  at  the  ends  of  the  prism,  as  in  gjrpsnm, 
•P  .  -P  .  [  «Poo  ]  {fiq.  302),  and  augite,  odP  .  +  F  ,  [  wFoo  \  .  ooPoo  {fig.  303). 

Faces  of  other  pyramids  likewise  occur  in  monoclinic  combinations,  but  generally  of 
such  as  have  the  same  base  as  the  primary  form,  with  a  different  principal  axis ;  those, 
fn  short,  which  are  included  in  the  formula  ±«nP;  thus  borax  exhibits  the  combiui- 
tion  ooF .  odPoo  .  oF  +  F  .  +  2F  {fig.  304). 

The  preceding  details  show  that  monoclinicorTmbinations  generally  exhibit  oonsidar> 
able  analogy  to  those  of  the  trimetrio  system ;  the  chief  uffiarenoe  between  the  two 
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Ib  that  in  the  former,  hemipyramids  aed  hcmidomBa  occur,  whereas  in  the  lattar  Um 
pyramids  and  domes  are  generally  present  witli  all  tlieir  faces.  A  trimetric  cryatal 
pniperly  placfd,  eihibits  tlie  Bame  derplopnient  in  front  as  behind,  and  the  miw 
to  the  right  n,s  to  the  left;  but  a  monocliiuc  crystal  plac«l  as  deecribed  at  page  151, 
thtiujfcjh  it  exhibits  the  same  doTC-lopment  above  bacIrvrardB  as  abore  fonrards,  ii 
diffcrcutly  developod  to  the  right  above  iind  to  the  left  above. 

The  L-hoiee  of  a  principal  axis  19  subjeL't  to  tin*  niLOie  uncertainty  as  in  the  trimetrie 
ayatem,  ariging  fmm  the  dR-uni»itanc«  rhtit  diffETcnt  crystala  of  the  asme  ■qbctiaai 
may  exhibit  the  greatest  priHmatic  development  in  different  directiona.  An  inati 
thifl  is  uffordeti  by  the  two  forma  of  felspar  represented  in  fyt.  306,  306,  the 
lieiiig  mOHt  elongated  in  the  direction  of  the  principal  ozio,  the  latter  in  that  of  I 

The  determination  of  monocHnic  erystals  ia  affected  with  a  farther  aoorce  of  uncer- 
tainty. In  the  case  of  a  trimetrie  crystjil,  doubt  may  exiat  as  to  the  choice  of  the  pria- 
dpal  axis,  mid  aa  to  the  dimeojiiona  of  the  primar}'  form,  bat  not  ita  to  the  qoality  ^  the 
several  &ceSt  ^  '<  whether  they  are  pyntmidiil,  prismatic,  or  terminaL  But  tn  a  monodioie 
eryBtal,  an^  two  similar  facea  may  be  regarded  aa  terminal,  or  aa  forming  a  hemi-dome; 
any  four  aimiljir  faces  as  forming  either  a  prism,  or  a  dinodiagonal  dome^  or  »  ^  *~~ 
pyramid ;  and  in  fact  the  same  frees  of  a  monoclinic  crrstnl  H.re  often  regarded  in  did 
tights  by  difEareat  observerB,  according  to  the  particular  varieties  which  hare  . 
under  their  notice.  If  gypaum  oecurred  only  in  the  form  showrn  in  fiff-  302,  the  i 
there  marked  —  P  might  jmt  m  well  be  regarded  as  belonging  to  a  clinodiHgonjJ  dd  __ 
bat  the  ocf  urrence  of  the  variety  of  the  same  aubst&nce  represented  in  Jiff.  30L,  raiden 
the  former  view  of  these  faces  prefernble.  The  only  rule  that  can  be  giren  for  these  da> 
terminations  ia  to  choose  the  axi^  and  assign  the  relations  of  the  facfs  in  the  •jtppjfuf 
poasible  manner,  having  regard  to  all  the  varietiee  of  form  that  a  substance  pfCMatL 


Fi(f.  307. 


Fiff,  308. 


Fiff.  310. 


^' 


Fi/r.  30R, 


^5^y 


v^> 
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Monodinic  cryatala  present  a  priamatic.  tabular,  rh6mbohedral,  or  p>Tamidal  cha- 
racter, according  to  the  predominance  of  partipolar  facea.  The  prismatic  ia  the  pre* 
vniling  character,  lu  maybe  seen  from  the  instancGs  already  adduced.  When  the 
three  conterminous  ed^ea  of  an  oblique  rhombic  prism,  ooP  .  oP,  ore  nearly  equal,  tfaa 
combination,  aa  already  observed,  has  vexy  much  the  aspect  of  a  rhotnljohedron,  hut 
may  be  distingu^iahed  therefrtim  by  the  inclinations  of  the  faces,  and  by  the  character 
of  its  modifications  (pp.  1 1 1, 1 52).  The  tabuhvr  cluuTicter  arises  from  the  predominance 
of  the  terminal  facea,  aa  ia  acetate  of  zinc,  oP  .  ooP  .  +  P.  +2Poo  .  oePae  (^.307), 
where  the  predominant  faces  are  oP,  and  in  ferrous  snlphate./^.  308,  where  thetebnls? 
feiTO  ariaeafioro  the  predominance  of  -♦■  Pao ,  as  may  be  seen  by  comparing  this  form 
with  jty.  800,  whioh  contains  the  same  faces,  but  in  different  proportion. 

A  pyrami«ial  character  is  often  given  to  monoclinic  crystals  by  the  occorrence  of  oas 
or  more  hemipyramids,  as  in  gypsum  {Jiff.  300).  Another  example  ia  affoided  hf 
ferrous  sulphate,  which  somotimes  crystallises  in  the  form  thown  in/<7.  310,  the  saine 
aefy.  26b,  but  with  the  faces  +  Poo  more  developed.  Sulphate  of  nickel  and  potM- 
aium  ( fig.  296)  also  assumes  the  pyramidal  form.  Jig.  297,  by  the  enlaigement  of  tbs 
faces  +  2P00  and  +  P. 

Bemlbedral  ronns.    A»  the  simple  forms  of  the  monoclinic  syAtem  have  at  ni««t 
but  four  fufof.  hemihpdrHl  forms  are  not  of  frequent  occiureDce.     The  most  ordinanr 
i-a*e  is  thut  in  which  the  dinodiagonal  dome  [Poo  ]  is  present  with  only  half  its  fiM 
Thus,  in  sugar  (Jiff.  2881,  the  two  front  faces  of  this  dome,  are  often  present  without  | 
hinder  ones.    In  onJinjiry  tartHric  acid  also,  two  faces  of  [Pao  ]  (the  m>nt  one*  in  a s 
foaition  of  the  cry&tiil)  are  prettent  without  the  others,  whereas  in  antitart«Tie 
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(i.  348),  vhirh  diff«nfironi  the  ordiDiir7  acid  only  in  poflsesfiing  oqua!  Lvt  oppoett«  optiral 
rotatory  povrw,  the  other  two  fucei  of  the  Mme  dome  are  ptvwnt  Two  crynfals  ex- 
hibiting thii  oppoait«  hemihedral  development  nre  rtilatt^l  to  one  another  like  an 
obJHet  and  its  ivflect«d  image,  or.  like  the  tiro  bands,  or  thf  two  halvea  of  the  faee ; 
they  are  siniilar  bat  not  8i^>erpoaibtt\  This  hemihedral  rtfhition  is  frequent  in  8nb> 
stances  poaaosaing  the  power  of  cireolar  poUrisation. 

]Mtflli|«  Bymtmwn* 

Didinometrie,  Diclinohrdral,  Hmuanorthit  Systrm. — In  thia  ayatem,  two  of  the  axea 
are  at  right  angles  to  each  other,  while  the  third  (which  may  be  regarded  aa  the 
principal  axia)  la  obliqne  to  the  other  two.  The  occarrenoe  of  diclinic  crystala  haa 
not  yet  been  demonatnted  with  cortaintj,  and  an  their  eimple  forma  and  modea  of 
«omDination  are  reiT  aimil>ir  to  those  of  tlie  following  6y^t<*m,  it  ia  nnneceasarr  to 
dwell  npon  them.  The  primary  form  is  a  (<yniau>lrical  ei^ht-sided  pjTamid,  the  baaal 
aection  of  which  ia  a  rhombna,  and  the  other  two  principal  sectiona  rliomboida. 


Trtcllnlo  Sjratem. 

THd'ffMfiutfNe,  TVieUnoh^rai.  Aru>rthic,  An&rtkotypie,  Douht^  ohlioue.  prirmatie, 
OinorkombMal  Sy»tem{EiH-vnd  rinqlirdngn,  Titartocdriach-rlunnlnsch-trimftrischt* 
8y»trm). 

Crystala  of  th?$i  8V"tem  have  three  axea,  all  ubliqnolj  inclined  to  ea<'h  other,  and  (in 
all  iMTtnally  obatrred  fomu)  of  unequal  length.  The  uia  in  the  direction  of  which 
the  cryatai  ia  for  the  moat  part  primnatically  dereloped,  is  regarded  aa  the  principal 
axin  t,c\  the  oth<>r  two  as  secondary  axes,  the  longtv  being  called  the  macrodia- 
gonal  {b\  and  the  short4.>r  the  brachydiagonal  (0).  In  representing  triclinic 
crystala,  the  secondary  axes  are  supponed  to  lie  in  a  horizontal  plane,  one  or  the  other 
being  diawn  from  left  to  right,  accordingly  aa  the  pecoliahties  of  the  crjutaJ  may  bo 
moat  oommiently  exhibited. 

For  the  complete  determination  of  a  triclinif^  axial  system.  At*  magnitadea  moat  be 
given,  ris.  thelensths  of  two  of  the  axes  rrferred  to  the  third  as  unity,  and  the  three 
acnte  anglaa  which  they  form  with  each  other ;  and  for  thia  determination,  five  inde* 
pt>ndent  measurements  of  the  inclinations  of  planes  are  required. 

The  primary  form  in  thia  system  is  a  pyramid  whose  &cee  cut  the  three  axes  at  the 
distances  a  6  c  from  the  centre.  Fifj.  311  exhibits  such  a  pynsiid,  whi<?h  may  be  re- 
garded aa  the  primary  form  of  mlphate  of  copper  (00*80*  ■♦-  6H*0).  a  a  is  the  "brachy- 
diagonal, b  b  the  macrodiagonal,  e  c  the  prindpal  axis;  ai  b:  e  ■■  1-027  :  I'SIS  :  1. 
The  acQte  angles  of  the  axes  »n  a:b  =-  77°  37' ;  6  :  c  —  82°  21' ;  a:  c  ^  73°  10". 

The  eight  faces  of  this  pyramid  ax«  of  four  kinds,  only  each  pair  of  parallel  fiscea 
being  similar  to  each  othpr,  and  each  pair  may  occur  in 
eombinations  quite  imJependently  of  tne  rest     The  six  Fig.  811. 

snmmita  are  of  three  kinds.  The  three  principal  sections, 
and  indeed  all  sections  parallel  to  any  two  of  the  axes 
are  rhomboids.     Of  the  twelve  edges,  only  the  parallel  ^    ry  •  1 

pairs  are  similar.  .  _y^     /   \ 

Of  the  four  front  faces  of  the  pyramid,  the  right  above 
is  deaignat<Hi  by  F.  the  right  below  by  P^  the  left  above 
by  T,  the  left  below  by  V ;  each  of  the  badt  facea  is 
designated  by  the  same  symbol  as  the  front  face  to 
whieli  it  is  parjdJiJ. 

Other  pyramids  having  the  same  base  as  the  primary  form  are  denoted  by  the 
general  symbol  wiP,  and  those  baring  different  bases  by  i»l»n  and  m!^n,  jost  ns  in  the 
trimetric  system.  Each  of  these  pyramids  has  faces  of  foor  kinds,  each  pair  of  parallel 
faces  being  independent  of  the  rest,  and  capable  of  occnrring  without  them.  The 
several  faces  of  any  individoal  pyramid  are  distinguished  as  to  their  position  in  the 
manner  deecribed  for  the  primary  form. 

There  are  also  triclinic  prisms,  oeP,  of  the  same  base  as  the  primary  form  5  also 
prisms  with  different  bases,  oePn  and  oef/j.  Of  the  four  face.'*  of  these  prisms,  only 
the  parallel  pairs  are  similar,  and  either  pair  may  occur  without  the  other.  In  the 
prism  obP  (for  a  position  one©  determined),  the  right  front  face  and  the  one  behind 
parallel  to  it  are  aenotad  by  onF/,  the  other  two  by  eo^T,  and  similarly  for  the  other 
prisms. 

Domes  pamllcl  to  either  of  the  secondary  axes  are  denoted  by  the  general  symbol* 
ml* 00  and  ntPaa  ;  in  these  also  only  the  opposite  faces  are  similar  to  each  other;  a 
pair  of  BQcb  faces  occorrinB  (for  a  given  position  of  the  crystal)  in  front  above  and  at 
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Fig.  312. 


the  back  below  are  denotod  br  the  symbol  w'f'oo ,  or  tn'^'co  ;  in  front  bdov,  snd 
behind  above,  by  *»^,ao,  otm^to  ;  to  the  right  above  and  leA  bdow  by  m^«e, 
or  w^oo  ;  to  the  left  above  and  right  bebv  by  m'^oo ,  or  nirjaa , 

Lastly,  there  aze  the  basal  end-facee  oP,  die  macrodiagonal  eaoA-tmem  osPoo ,  aad 
the  brachydiagonal  end-faces  odI^oo  ,  eioh  pair  of  which  cat«  one  of  the  mzee  and  b 
parallel  to  the  other  two,  as  in  the  trimetrie  system. 
All  triclinic  crystals  are  combinatioas  made  up  of  pairs  of  of>poait«  fiicee  of  tiie 

simple  forms.  Each  pair  of  parallel  tueea  mn 
be  designated  in  vanoos  waya,  either  as  end- 
faces,  or  as  parallel  fkces  of  a  prism,  or  of  a 
pyramid.  I^  as  frequently  iM^fMBS^  three  pain 
ol  faces  are  predominant*  an  in  Jiff.  312,  the 
upper  and  under  &oee  may  be  zefpaxded  as  oP, 
the  others  as  oo.T  and  obP/i  «  •■  *»^*  *^ 
oefoo. 

Figs.  313,  814,  316  represent  tluee  forms  d 
sulphate  of  copper,  referred  to  the  primaiy 
form  represented  in  ^i^  311. 
Fig.  313  consists  of  the  primaiy  form  modified  by  the  end-faces  ooPoo  and  ooPoo, 
and  the  hemiprisms  »  T  and  ooP/.  If,  however,  only  the  F  ftcee  of  the  primaiy 
pyramid  are  present  (the  top  and  bottom  faces  in  the  figure),  and  these  faces, 
together  with  the  faces  parallel  to  the  principal  axis,  are  extended  till  they  meet, 
the  result  is  Jig.  314,  the  most  common  form  of  sulphate  of  copper.  Other  ttcea  like- 
wise occur,  though  less  developed.    In  determining  the  relations  of  these,  and  of  tri- 


Fig.  313. 


Fig.  314. 


^.315. 


clinic  eombinations  in  general,  the  same  rule  holds  good,  as  in  the  other  systems,  vis. 
that  fkces  whose  combination-edges  are  parallel  to  a  principal  section,  cut  the  two 
axes  contained  in  that  section  at  proportional  distances  from  the  centre.  In  /g.  315 
the  hemidomes  2,^oo ,  ^^oo ,  T^oo ,  2'f  ,« ,  and  the  basic  end-face  oP,  which  are  all 
parallel  to  the  brachvdia^onal,  form  with  one  another  and  with  oej^oe  combination-edges 
parallel  to  the  basal  principal  section ;  oP  forms  with  P*  an  edge  parallel  to  that  be- 
tween F  and  ot»P/.  In^.  314,  the  edges  between  F  and  ooPoo  are  parall^  to  tb« 
macrodiagonal  principal  section ;  the  faces  which  {in  fig.  315)  truncate  theiw  edges  cot 
the  principal  axis  and  macrodiagonal  in  the  same  proportion  as  F,  that  is  to  say,  if 
they  are  also  parallel  to  the  brachydiagonal,  they  belong  to  the  dome  Poo .  The  hn 
^'oo  is  recognised  by  this  character.  2,Foo  truncates  the  (acute)  edges  between  F 
and  oo^T.  The  edges  between  F  and  ocl^oo  are  parallel  to  the  brachydiagonal  tojo- 
cipal  section ;  in  fi^.  316  the^  are  partly  truncated  by  the  ^ces  of  a  pyramid,  2PX 
which  cuts  the  principal  axis  and  brachydiagonal  in  the  same  proportion  as  the 
primaiT  form ;  instead  of  these  faces,  or  together  with  them,  are  sometunes  found  ths 
feces  3P3. 

The  edges  between  the  end-faces  parallel  to  the  principal  axis  and  the  a^jaeeot 
prismatic  faces  are  dissimilar,  and  either  may  be  modified  without  the  other.  Thus,  ii 
sulphate  of  copper  (fig.  314)  the  edges  between  ool'oo  and  oo^T  are  often  truncated  by 

OD,  V^  while  those  between  ooPoo  and  ooP/  remain  unaltered ;  similarly,  two  feces 
of  aDP/2  are  often  present  alone,  as  truncations  of  the  edges  bet^reen  odPoo  and 

odP  . 
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Oijibi*  ef  Hie  9tmt  sabctance  sn  freqaently  utiit«d  in  grirapB.  somctiines  regnUri^, 
KNMdnat  irrvgularly.  Alum  oftrn  fbrms  g;roop«  of  crystals  regtil&rl;  eombiDed  in 
the  msnaer  thowo  m  Jifff.  316.  317.  tke  oetfthedrons  being  united  with  their  edge* 
MralJel  to  e*ch  otb««. 

Agp^atioM  of  cab««  end  to  end,  so  u  to  form  eloagsted  prisms,  ire  also  of  fre- 
ifOent  occwTVQce,  as  in  chloride  of  potassinm,  which,  onder  peculiar  eireamttaooaa, 
l.NA  been  sfl«n  to  form  thin  siikv  thresda.  like  tafta  of  cotton  grsst,  made  np  of  micro- 
scipie  e»b«e  (Warington,  Cbem.  Sot  Qu.  J.  viiL  31).  Chloride  of  sodium  some- 
(imee  oystaUises  in  sach  a  manner  Uutt  four  such  prisouitic  aggregates  of  cubes  unite 


Fig.  316. 


Fiff.  817. 


together  by  their  extremities,  fbrmiag  a  hollow  frame,  and  on  this  frame  smtller  ones 
stmilarlj  oon»titutcd  are  sncceaairely  built  itp,  till  a  foar^sided  pyramid  is  produced, 
osfflpoaed  wholly  of  little  cubes ;  sometimes  sgain  it  aaeumee  the  inTerted  paaitioD,  like 
a  faand. 

Groans  of  crystals  (exee^xag  wh«i  fmnied  of  cahea  or  prisms  kid  end  to  end)  may 
always  bediiitingotshed  from  single  eryctalu  by  presenting  re-entering  angles  {fyt.  316. 
317).  Sometimes,  howerer,  th«  re-entering  angles  are  so  shallow  as  not  to  be  percepti- 
ble wiChottt  the  use  of  highly  magnifying  powers;  the  crystal  then  appears  striated. 
8uppoae,  for  example,  the  number  of  octanedrons  united  as  in  ^.  316,  to  be  so  much 
increased,  and  tlio  distiinec  U-^ween  the  horizontal  parallel  edges  proportionately  di- 
niinipbed,  that  the  indiridual  (M^^tals  can  no  longer  be  distinguished.  The  mass  would 
then  pry^nt  the  appearance  of  an  octahedron  haring  its  horizontal  edges  replaced  by 
priiinntitf  faoes,  and  these  faces  horizontally  striated.  Such  etrialions,  which  are  &»- 
quently  observed  on  the  faces  of  natural  cryatals,  afford  good  indicatirms  of  the  internal 
structure  of  the  cr^ftttl,  and  of  the  manner  in  which  it  Las  been  formed  by  the  juxta 
position  of  suocessiTe  layen. 

Twin  Crystals. 

When  two  crystals  are  regularly  aggregsted,  but  not  according  to  the  parallel  mode 
of  arrangement  just  described,  they  are  called  twins  or  raacles;  twins  by  contset, 
if  the  two  indindoals  extend  only  to  the  plane  of  junction ;  twins  by  intersection,  if 
each  of  then  is  continued  beyond  thi»  plane  and  through  the  substance  of  the  other. 
The  plane  of  jonctioo  is  always  purallf  1  to  a  face  of  the  crystiil  either  actual  or  possible, 
and  one  of  the  crystals  is  turned  from  its  original  position  through  an  angle  of  180°, 
round  an  axis  pcqiendicnlar  to  the  plane  of  junction. 

The  two  crystals  thus  united  are  seldom  fully  deTe]op(>d,  but  for  the  most  part 
only  fragments  of  an  ideal  crj'stal ;  in  many  cases,  each  of  them  in  the  half  of  a  com- 
pletriy  dereloped  crystal,  and  then  the  combination  is  called  a  hemitrope  ;  such  ag- 
grrgatea  may  be  sappoeed  to  t»e  produced  by  cutting  a  perfootly  derelo[><Hl  cr^-stdl  in 
halres  parallel  to  one  of  its  faces,  and  turning  one  of  the  halves  tltrough  an  angle  of  1 SU^. 

In  the  regular  system,  twin  crystals  of  this  kind  are  found  bearing  this  relation 
to  the  regular  octahedron,  as  shown  in  the  annexed  figures,  where,  if  we  suppose  the 
octahetlron  (^5^.  318)  to  be  cut  in  two  by  the  horizontal  plane  indicated  by  th<f  dotted 
lines,  and  the  upper  fragment  turned  half  round,  the  twin  eryntal  (fy.  319)  will  be 
produced;  examples  of  this  arrangement  are  found  in  nitrate  of  lend,  alum,  magnetic 
iron  ore,  spinel,  &c.  Hemitropes  also  occur  formed  ip  like  manner  from  the  cubs, 
regular  dodecahedron,  and  tetnikis-hexahedron ;  an  example  of  the  last  is  found  in 
tiaLire  oop[)er. 

In  most  eases,  twin^cTystals  thus  formed  may  be  distinguished  from  simple  erystali 
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by  the  occoirence  of  re-enteriiig  angles ;  under  peculiar  dzcomataneei,  howerer,  twiaa 
may  be  formed  without  reentering  angles,  as  in  some  eases  when  each  individual  is 
smaller  than  the  half  of  the  ideally  perfect  crystal,  or  when  the  plane  of  jnnetioa  is  at 
right  angles  to  the  faces  through  which  it  passes,  as  in  some  cases  of  twm-iormaXiaa 
from  the  regular  dodecahedron.    (See  Kop^t  Ktyttallogrt^phie,  p.  87.) 


Fig.  318. 


F^.  819. 


Intersecting  twins  are  often  formed  from  the  cube  (as  in  fluor-spar,  galena,  sal> 
ammoniac,  duoride  of  potassium,  Sec),  the  plane  of  junction  (passing  tfaion^  the  six 
reentering  angles  situated  in  one  plane)  being  situated  like  the  fiu»  of  an  octahe- 
dron (Jiff.  820).  In  these  twins,  and  in  all  those  which  are  derired  tram  the  hdohs- 
dral  forms  of  the  regular  system,  the  individual  crystals  are  intergrown  in  such  a 
manner  that  their  axial  syiftems  are  not  parallel  to  one  another ;  indeed,  two  holohedral 


Fiff.  320. 


Fiff.  321. 


forms,  so  long  as  their  axes  remain  parallel,  can  only  unite  so  as  to  form  aggregates 
like  those  represented  in^«.  316, 317 ;  as  soon  as  they  aro  brought  together  in  sndia 
manner  as  to  hare  a  common  centre  and  parallel  axes,  ^ey  coincide  ^together.  Bat 
hemihedral  crystals  often  form  intersecting  twins,  with  parallel  system  of  axea^  like  ths 
two  tetrahedrons  in^.  321,  because,  though  the  axes  are  parallel,  the  ftoes  may  fis 
in  opposite  directions. 


Fiff.  322. 


Fiff.  823. 


In  the  dimetric  or  quadratic  system,  twin-crystals  occur  both  with  pazmOd  sad 
non-^arallel  systems  of  axes.  The  former  occur  but  rarely,  and,  as  alraadj  «wrpIyi«Mii<, 
only  in  hemihedral  forms.    Intersecting  twins,  likefff.  321,  aro  sometimes  fonned  tarn 

p 
quadratic  spheroids,  +  —  ,  as  in  copper  pyrites.    The  same  mineral  alao  fyram  1 
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tropic  cryntala,  like  Jig.  119,  derired  from  the  quadratic  pyramid  +  -,  uid  -    .^ 

«qaallT  d«?Teloped,  which  hw  the  same  Bhape  tfl  the  iwular  octahedron. 

But  the  most  frequent  twin-formatioD  in  the  quadratic  system  is  that  formftd  by 
bro  crjBtale  united  by  a  fioe  parallel  to  Poo ,  one  of  them  b«-ing  turned  half  round. 
ng.  in  is  a  form  of  tin-«ton^  oop  ,  P  .  obPoo  .  Poo  .  If  this  crjutid  be  divided  m 
the  middle  by  a  plane  parallel  to  Pco ,  and  the  lower  half  turned  through  an  angle  of 
1$0«,  the  form  repnwenled  ioj^.  323  will  be  produced. 


Fig.  324. 


Fig.tU. 
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Id  thebexaeonal  ay  stem,  intersecting  twins  are  formed  by  two  rhombolutilfonB 
penetzuting  each  other  like  the 


Fig.  326. 


Fig.  827. 
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cubes  in  fig.  320,  and  h&ring  the 
feee  oP  in  common ;  this  form  is 
exhibited  by  chabaaite.  Contact 
twins  are  exhibited  by  seTeral 
forms  vt  ealcspar;  thus,  if  we 
suppose  the  ciystal  repre«ented 
in  fia.  324  to  be  cot  throng  the 
midme  by  a  borixontal  plane,  and 
the  lower  half  turned  half  round, 
a  hcmitropic  form  will  result,  like 
that  in  fig.  325,  which  has  the 
peculiarity  of  not  exhibiting  any 
re-entfring  angles.  The  scale- 
Dohedron  {fig.  326),  cut  through 
the  middle  and  tume«l  half  round, 
yields  the  form  shown  in  ^.  327, 
which  is  often  Tery  regularly  de- 
veloped in  ealcspar. 

In  thetrimetricor  rhombic 
system,  twin  oyatalswith  paral- 
lel itxial  systems  are  of  very  rare 
occurrence.  In  those  with  non- 
pandleJ  aze«.  the  erat&ls  are 
generally  united  by  a  tace  of  the 
prism  OBp.  or  of  the  maerodiagonal  dome^oo ,  or  of  the  brachydiagonal  dome  i^ee. 
Fig.  828  shows  the  combinatioa  obP  .  obPob  .  Poo  occnrring  in  arragonite.  If  w» 
Buppose  this  form  cut  in  halres  by  a  plane  parallel  to  the  left  front  face  qdP,  and  the 
left  hand  fragment  turned  through  180^«  the  hemitrope  (Jig.  329),  whirh  often  occurs 
in  apragonite,  will  be  produced.  The  re-entering  angle  between  the  two  front  faces 
obPoo  is,  howerer,  frequently  oprergrown  by  the  ralajgement  of  the  aj^acent  faces  acp. 

If  we  suppose  the  combination  P.PaB.ooP2,  occurring  in  sulphate  of  potas* 
aium  {fig.  330  without  the  face  sfso  \  to  he  halved  parallel  to  the  fa^-e  if*  in  front 
below,  and  the  lower  half  turned  round  180^,  the  hemitrope,  fig.  331,  will  nisult, 
which  is  a  common  form  of  ^Ipbate  of  potassium. 

In  the  monoclinic  system,  as  hemihedral forms  are  very  rare,  nearly  all  the  twin 
crystals  which  occur  are  such  as  have  their  axial  systems  not  parallel.  The  contact 
face  is  almost  always  parallel  to  the  orthodia^onal  and  one  of  the  obliquely  in- 
clined axes,  that  is  in  my,  either  to  the  orthodiagonal  end-faces  oc  Px ,  or  to  the 
lMuri<*  end-face  oP.    The  twins  are  for  the  mont  part  cotituct  twins. 

Vou  IL  Ifc 


The  twins  whom  oontact-face  is  parallel  to  ooPoo  are  oftpn  composed  of  iDdividnali 
which  appear  like  the  halves  of  very  regnlar  crystals.  If  we  imagine  the  forma  rente- 
•ented  by  fig.  S82  (gypsum),  fig.  334  (ferricyanide  of  potaseinm),  and^^.  386  (angiteX 
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to  b«  rat  in  halves  b;  plann  passing  throngh  the  orthodingonjil  and  principal  tadn, 
and  one  half  of  tUe  crjrstal  turned  through  an  angle  of  180°,  the  finrt  will  produce 
Jiff.  333,  the  second,  J^.  33d,  aJid  the  third,  Jig.  337,  twin  (onaaHiaoB  of  frequent 
occorreooe  in  the  •ubatanoM  abore  mentioned. 

In  maojr  initancM,  the  tvo  half-^ryttalfl  eompoiing  a  liemitrope  formed  in  thifl 
manner,  are  not  anch  a«  can  be  derired  from  the  same,  bat  belong  to  difforont 
erjvtala.    An  example  of  thia  mode  of  formation  ia  preaented  by  feLspur  (orthoclaae). 


Fig.i3^ 


Fig.  339. 


Fig.  340. 


Fig.  341. 


7  //: 


If  the  combination,  obP,  [  ooPao  ]  .oP.  ■»-  2Pc»  0^.  338),  exhilutod  by  thia  mineral 
be  aappoard  to  revolve  through  ISO^  ronnd  a  lintio^  perpendicuinr  to  the  ortho- 
4aa0Mwl  section,  it  irill  be  brought  into  the  position  shown  in/<7-  339.  Th<>«e  tvro 
Cfjatab  (which  wo  will  denote  by  p  and  ^)  are,  therefore,  in  the  relative  poeitiona  re- 
qnired  for  the  formation  of  a  twin  ciyrtal,  aocording  to  the  manner  nnder  consideration. 
But  the  mode  in  which  they  actually  nnite  ia  thia:  Sapposing  each  cnrstal  to  be  cut  in 
halves  through  the  elinodiagonal  sectioo  (aa  indioated  by  the  dotted  lines),  the  front 
h&lf  otp  unites  with  tlie  back  half  of  q,  producing^.  340,  and  the  back  half  of  p  with 
the  front  half  of  o,  prtxiucing /^,  341.  The  two  twin  cryatala  thoa  produced  are  re- 
lated to  one  another  in  form  iuat  like  an  obj<?ct  and  its  image  reflectM  in  a  mirror. 

In  all  the  preceding  twin  formations  of  th(<  monoclinic  eystem,  the  prinripal  axes  of 
th*  indiridoiu  OftUd  remain  parallel,  though  the  aecondary  axes  do  not.  When. 
bowerer,  the  oontaet-lkcea  are  parallel  to  tiie  basal  end-face  oP,  the  principal  axes  of 
the  two  balTes  do  not  remain  ponUlel ;  ancb  a  mode  of  union  is  exhibited  bv  acetnte 
of  copper  (Jg.  342).    If  this  oyital  be  cat  in  balTes  parallel  to  oP,  and  the  lower 


Fig.  342. 


Fig.  343. 
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half  turned  ronnd  through  180°,  the  reeult  Is  the  hemitropic  crystal  shown  Ixijiq.  348. 
If  the  drvelopmfnt  of  eack  crystalline  fragment  be  continued  beyond  the  contact  plane, 
•n  intersection  twin  will  result;  such  a  mode  of  formation  is  exhibited  by  sphone. 

In  the  triclinic  system,  twin  cryatnU  are  of  sotnpwhat  rare  occurrence;  an  example 
u,  howeTer,  afibrded  by  triclinic  felspar  (olbite).  The  contact-face  is  in  many  caM» 
pandtel  to  ooPoo  (oorreaponding  to  ooPoo  in  monoclinic  felspar),  and  then  twins  are 
produced  reaembling^A.  340,  341.  In  other  caaea,  it  is  parallel  to  ocfao  (correspond- 
ing to  [  QbP«e  ]  in  monoclinic  folspar),  and  these  last-mentioned  twins  exhibit  the  tri- 
clinic  character  very  clearly.  If  a  crystal  of  monoclinic  felsoar  be  cut  in  halv*^ 
through  the  clinodiagonal  principal  section,  and  one  half  turned  round  through  180°, 
the  crystal  still  exhibita  the  same  form  as  before  ;  for  the  portions  of  the  oP  faces 
thus  brought  together  fall  into  one  plane,  as  also  do  the  contiguous  portions  of  the 
faces  2Poo .  But  if  a  crystal  of  triclinic  felspar  {fig.  344),  in  which  oP  is  oblique  to 
cof »,  be  thus  divided  through  the  brachy  diagonal  section  (aa  indicatfd  by  the  dotted 
lines),  and  one  half  tnmed  roiud  through  180°,  a  hemitropic  cry^itul  {Jig.  345)  will  be 
formed,  in  whieh  one  end  (the  upper  end  in  the  figure).  oP,  of  the  one  half  forms  with 
oP  of  the  oUur  baU^  •  re-entering  angle  of  172°  48';  and  ,F<30  forma  with  P'«o  a  ro> 
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Fiff.9^. 


entering  angle  (tf  176^  12',  whilst  at  tiie  other  end,  the  ooireiponduig  tueemsn  indined 
to  one  another  in  projeetuig  an^es  of  the  aame  magnitndiL 

Twins  also  occur  in  fbo  triehnie  syatem,  in  which  the  individnals  are  united  by  a 
&ce  parallel  to  oP. 

Imporftoot  anA  IMatortea  Crjstala. 

Crystals  are  often  imperfectly  developed,  or  not  boonded  all  ronnd  by  erjstalllne 
fiieea,  in  consequence  of  being  attached  on  the  side  to  a  mataix  or  to  the  surface  of  a 
▼easel ;  and  in  very  many  cases  they  are  distorted,  that  is  to  say,  some  of  their 
similar  £Mes  are  more  developed  than  others,  and  may  thus  aoqnire  even  a  different 
form.  In  all  cases,  however,  their  inclination  to  each  other  and  to  the  axes  remains 
unaltered.  Every  distorted  crystal  may  be  referred  to  a  regular  fbnn,  by  supposing 
certain  faces  of  the  latter  to  approach  nearer  to  the  centre  thui  the  rest,  or  slices  to  be 
cut  from  the  oystal  ranllel  to  certain  fiocee. 

Octahedral  crystals  of  the  regular  system,  such  as  alum,  often  exhibit  only  cne 
■ompleto  octahedral  &ce,  the  crystal  having  grown  to  the  sur&oe  of  the  Teasel  by  the 


F^.  346. 


Fiff.  847. 


Fiff.BiS. 


Fig.  849. 


fiice  a  &  «  i  efifig.  846),  so  that  the  puj 
sometimes  only  the  middle  of  the  crystal,  i 
hedron  {fig.  346}  had  been  sliced  parallel 
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dotted  lines.  Nitrate  of  lead,  which  cry8taUi«j  in  the  middle  form  b«tvM.«  the  cube 
sod  QCt*hedron  {fi^.  176X  often  exhibit*  oni^r  portions  of  thia  form,  like  thut  boanded 
by  the  thick  Line*  mjig.  348,  the  eiystftl  haring  grown  to  the  surface  of  the  vessel  bj 
the  plane  abed  e/pwullel  to  0. 

Cubic  crystals  are  often  rednced  to  sqnare  plates  bj  being  leoa  dereloped  in  the 
direction  of  one  azia  than  of  the  other  two ;  sometimes  again  Uiey  are  more  or  leas 
•loognted  in  the  directioo  of  one  axii,  as  if  a  number  or  cubes  had  grown  together  by 
their  £iefe»  and  thus  aoqnire  the  apfwuiince  of  elongated  »quarc  prisms  (p.  160). 

Octahedral  crvstals  also  are  sometimes  elongated  in  the  direction  of  a  hoe  joining  the 
middle  points  of  two  of  thair  opposite  fikces,  as  ahown  in  Jig.  349,  where  the  thin  Tinea 
renneent  the  ide^l  octahedron  and  the  thick  lines  the  distorted  form.  This  distortion, 
wjiieh  is  seen  in  chrome'alam  and  nitrate  of  lead,  givoe  the  ciystal  the  appearance  ot 
a  rhombic  prism  berelled  at  its  extremities  bj  the  triangular  faces  resting  perpendicn- 
Larlj  on  the  acute  edges  of  the  prism,  like  j^.  267,  p.  147. 

Similar  imperfections  and  distortions  occur  in  eiTstals  belong^ig  to  the  other  systema. 
▲  qaadiaticpjramid  {^.  217,  jk.  133)  may  be  shortened  or  elongated  b  the  same 


Fy.Z^ 


Fiff.  361. 


manner  as  the  regular  octahedron,  exHbitijig  fcrma  Iflce  Jigt,  347  end  34fl.  The  com- 
bination of  P  and  <xP»  equally  deTeloped  {Jig.  860),  which  is  tlio  normal  form  of 
potaaain>cttpric  chlorids,  often  appears  distorted  in  the  manner  shown  in  fig.  361,  by 
cloQgatioo  in  the  dijne<^ion  of  a  terminal  edge  of  tiie  pyramid,  thereby  a(«^uiring  the 
appearance  of  a  hexagonal  prism  with  trihedral  sununita. 

Quartz,  the  normal  form  of  which  is  a  hexago  nal  prism  with  pyramidal  summits 
F.cdP  [fig.  154,  p.  117).  seldom  or  never  exhibits  this  form  in  perfect  regularity,  some 
of  the  hoe*  being  more  developed  than  others,  as  shown  in^.  362.  Rhombobedrons 
also  are  often  redoced  to  plates  by  ahorU>ning  in  one  direction  between  two  parallel 
fiiees,  or  elongated  to  prisms  by  aboomuil  development  in  the  direction  of  one  of  the 
•Jgefc 

Fig.  863.  Fig.  ZSH. 


rfg.iH. 


lo  the  trimetrio  or  rhombic  system,  the  most  common  distortion  arises  ihnn  the 
nncqnal  development  of  the  four  faces  of  a  prism  ooP,  two  of  them  b*>ing  larger  and 
nearer  to  the  centre  than  the  rest,  so  that  the  transrene  section,  and  the  end-face  in 
the  corabinaiion  oeP .  oP,  is  altered  from  a  rhombus  to  a  rhomboid-  The  true 
character  of  the  crystal,  may,  however,  be  recognised  in  »uch  coses  by  the  cleavage 


^ 
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and  bj  the  modifiuiUioDB.  The  eryvtal,  if  cleanihlo  parallel  to  tha  prismatic  tuctti, 
■plilB  US  ^^uiiiy  in  tUe  direction  of  the  smaller  aa  of  the  largor  of  thtise  liicM.  If  ma 
edge  of  the  diBtorted  prism  i»  troncated,  the  troncation-faico  is  equally  inclined  to  th<> 
two  adjacent  faces,  ooP,  und  if  its  en<ls  ore  beveled  by  domee,  the  fac«s  of  the  domee 
are  Likewiae  equally  inclined  to  the  two  priflmatic  faece. 

MoDoclinie  crystals  exhibit  similar  diMtortiona;  indeed  the  faeeie  of  aaobliqiie 
rhombic  prism  fire  almost  alwnyii  unoquully  distaot  from  the  centre,  so  that  the  tnuia- 
verae  section  becomes  a  rhomixt'id  iiostead  of  a  rhombus.  Crystala  of  ferrous  eul* 
pbate  of  the  normal  form  shown  Ln  Jiff.  3S3  are  often  distorted  in  socfa  a  maoner  that 
two  parallel  faces  ooP  and  the  basic  end-faces  oP  are  very  much  developed  in  one 
direction,  prodncing  the  form  shown  in  ^.  354 ;  if  the  oystal  is  dereloped  OD  coie  aide 
only  and  attached  on  the  other,  the  difficulty  of  recogniaiDg  it  is  of  oottn«  oondden^ 
increBsed. 

Curvatmre  of  Cryttala.^-Th^  sorfaces  of  taystals  are  sometimes  curved,  in  ooose- 
auSDoe  of  cmrature  in  the  laminae  of  which  tbe  crystal  ia  made  up.  Crystals  of 
diamond  often  have  their  fiacea  curved  to  such  an  extent^  as  to  make  them  appear 
almost  like  spheres.  More  frequently,  a  convex  surface  is  opposite  and  parallel  to  \ 
eoDcave  surface.  This  kind  of  distortion  is  seen  in  spathic  iron,  the  crystals  cf  which  or 
■ometimes  saddle-Bhaped^  in  cooaequeut-e  of  several  curvatures  occiuring  in  the  nme 


Fig.  355. 


Fig.  366. 


Another  kind  of  currature  is  seen  in  prismatic  and  aggregated  erystals,  and  is  utpt- 
cially  frequent  in  such  as  are  implanted  or  imbedded.  Fig.  355  exhibits  this  kind  of 
dLstortion  as  seen  in  quartz.  Six-sided  prisma  of  calcite  and  prismatie  dytfails  of 
gypsum  are  sometimes  curved  in  a  somewhat  similar  manner. 

Id  many  specter,  the  crystHls  appear  as  if  they  hud  been  broken  trmnsreisely  tnte 
sevAral  pieces,  a  slight  displacement  of  which  has  ^vcxi  a  curved  form  to  the  piism. 
This  ia  common  in  tourmalin  and  beryL  The  beryls  of  Monroe  County,  Connecticut, 
often  present  iutorruptcd  cur\'atures,  ss  shown  in  Jig.  356.     (Dana.) 

Most  of  tbe  distort  ioui4  above  described  occatiian  ao  change  in  the  inelinatioos  of  the 
feces  of  crystals.  But  those  imperfections  which  produce  curved  or  striated.  &eM 
necesaarily  lead  to  variations  in  the  angles.  The  surfaces  of  large  crystals  often  hsre 
a  composite  character,  appearing,  when  esamijied  by  a  magnifying  glass,  as  if  there 
had  been  a  tendency  to  the  formation  of  smaller  cr^-stak  while  the  ciystal  wu 
growing.  Ootahedrona  of  fluor.«par  nometime*  have  thm  faces  made  up  of  little  cabea 
Such  ti  ca-iwe  produces  more  or  less  irregularity  in  the  plane*  and  their  inclinntioaa 
Variations  of  form  and  angular  magnitode  also  aiiae  from  the  presence  of  furviga 
particles  entansled  in  the  crystal] isuig  mineral.  Even  the  presence  of  foreign  in- 
gredients in  solution  when  the  crystalliRation  ia  going  on,  seems  often  to  affect  tl>« 
angles,  and  aufh  ingredients  mny  be  iududed  in  the  crystal  without  being  at  all 
apparent,  except  on  analysis.  Aceonling  to  Baudzimont's  measoremt^nta  of  cale^jisr, 
the  rhombs  of  this  mineral  seldom  have  the  three  angles  at  their  summits  exactly 
equtil. 

The  imperfections  and  distortions  of  aystaJs  often  present  great  obstacles  to  the 
detenninationa  of  ciystaUine  formn,  and  even,  as  already  observed,  of  the  system  to 
which  a  crystal  belongs.  In  moet  ca>>ea,  angular  measurement  may  be  safely  rehed 
on ;  but  even  this  method,  im  coaaequeae©  of  the  disturbing  causes  just  noticed,  may 
sometimes  li-ad  to  erroneous  results.  In  all  casps,  however,  excepting  in  some  of  the 
grosser  distortions,  the  character  of  the  modificatiora  aflTonls  an  unerring  guide  to  tha 
Bijratem  to  which  a  crystal  belongs,  the  general  law  whieh  governs  them  boing,  that 
like  parts  of  a  crj-stal  are  aimilarty,  unlike  parts  disainularly  modidod.  This  principle, 
already  developed  at  some  k^Dgtb  in  the  descriptions  of  the  several  systems,  mav  b« 
further  elucidated  and  facilitated  in  application  by  tbe  foUowing  table  takeo  hom 
Dana'»  Mineralogy,  i.  123. 
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Table  of  ModifieatUmt  0/  CrysiaU, 

t.  All  «din  modified  alllie  1  m„«^..,^.^  •    ._ 

t.  A^lH  trancaiMl  or  tw^iaeaA  b|y  S  or  « ilnlUr  pUnet.  |  >■<»<»*"▼»«  StiIoti. 

r    Kumbar  of  tlmlUr  planM  at  axtramlUM  of  cr^tXtX,  S  or  mmbc  muJ.  >  Hixao«iim 


1.  AllariMMl 
■M4tlUd«lllw. 

J.  Two*  or  now* 
orth*  uflrt  trun< 
catcd  or  repUcnl 
tur  thi««  or  »lx 
willir  pUnw. 


Kunter  of  •(ml- 


cry 

nrllher    3     nor 
muJllf»(e  of  &. 


M)  notfltoilaM  In 
froot  mat  liaUar  lo 
tbe  <«rr«MMtdli>g 
n^trior  in  )»oot  or 
ntperwr  bahiad. 


TmcLiMie 
Syttetn. 


'    Two  a^^atmt  or  two  mf.) 

Two  a4^«(Viiiar  lw«  ^- 1  w„„^ 

nun»r  ».  ..m..        ^'  "  ^"  '^»*'*  fhon»boid«i  prim  on  Ut  rkoMboUal  bva 
Ur^U^  «  Tx-    '»*y  ^  dirtinniilMsd  frooi  the  other  rUht  pHiin  br  Um  dU. 

'  I.  Slnllar  pUoei  nt  aach  V 
baae  alUiar  km  or  rlgtii  in  I 
ninnbar.  I  I 


Tb*  Mftrior  ba* 
ul  iDodillc«()aa»  In 
Iront  •imllar  to  tlia 
corr««poadmg  •»* 
j%T<Dr  !■  Aroot  or 
■apvtor  bdUad. 


.  Dmmto 
1.  All  Uiwalt  Mlfa*  (iff  &|»tna. 
modified)   ttmllarljr   truo-l 
cated  or  bavoltd.  ' 

L  SimlUr  planM  It  rach  V 
baw  olibar  two  or  four  iii } 
nawbar.  I  TtDtrmio 

S.  All  Utaralf  edfct  (Iff  S/ium. 
humIIAkI)    not    •iraiUrlrl 
.tnoKatad  or  baralad.         / 


Important  aids  in  tho  dctenainAtlon  of  th*  Bpiaa  to  which  a  OTttal  betoogs  an 
tlao  hfforded : 

a.  Bj  c^fo^c,  which  is  ■imlUr  panlle)  to  like  turn,  Aiaaimi\ikf  parallel  to  p">'"fco 

CbOM. 

b.  Bj  the  ciaraettrs  oftwfaett.  Similar  pUoeB  are  alike  in  lustra,  hardncM,  eoloor, 
etriation,  &c  IC  for  example^  a  cubic  oystal  has  similar  strise  on  all  its  six  sides, 
it  \»  monotnetric  bat  if  tbe  vaAon  of  one  pair  of  ita  oppoaite  sides  differ  txora  the 
reet,  it  belongs  to  Mma  othar  sjitein.  Similar  deavage-iaeea  also  exhibit  aim i lay 
Itutre,  &C. 

c.  By  the  optical  relations  of  the  crjrstaL  Monometric  crystals  refract  light  aiogly, 
bat  crystals  o?  the  dimctric  and  hexagonal  sjitems  have  one  axis  of  doable  refiraction, 
and  thoee  beloogiiig  to  the  other  syBtcma  hare  two  axee  of  double  refraction  (p.  122). 
These  ebazBclen  are  ofkea  of  great  use  ia  determining  the  system  to  which  a  ciystal 
belongs. 

d.  The  thermic  relations  of  crystals  likewise  differ  according  to  the  system  to  which 
ther  belong,  as  explained  at  page  122 ;  so  likewise  do  their  relatire  elastidties  in 
different  drrections  ;  but  the  methods  of  obserration  on  these  points  are  too  difScnlt  of 
execution  to  be  of  ranch  practical  ntility  in  the  detenoiuatiou  of  oiystidsw  (See  IUat.) 

Cleawace  of  Ciratala. 

Moot  crjstala  exhibit  less  coherence  in  Knne  directions  than  in  others,  and  eonM> 
qoootly  may  l>e  cloven  or  split  in  certain  dirtH^tions  with  more  or  less  faeility.  Some 
crjTBtals,  a»  "mica,  may  l>e  split  into  lamins  by  the  flngen ;  in  other*,  a  alight  blow 
with  a  hammer  is  sufficient ;  others  require  the  application  of  a  sharp  catting  instru- 
ment, and  o(^en  considerable  skdl  in  ita  oae.  When  other  means  fail,  cleavage  may 
•omctimM  be  eifwted  by  heatins  the  mineral  and  plunging  it  into  cold  water ;  this 
method  sometimes  sDcoeeda  with  qnarta.  Many  crystals  cannot  be  cloven  by  any 
means :  in  these  coaee,  howerer,  the  direction  of  cleavage  is  sometimes  indicated  by 
lines  on  the  surface,  or  by  cracks  in  the  mass  of  the  crystal  It  is  often  important  to 
■baarrn  these  lines  or  cracks,  even  when  cleavage  is  poatiblB,  in  order  to  determine  ita 
dincttou  before  applying  the  knife. 

,TlMgMMt«l  UwB  with  respect  to  cleavage  are  as  follows: 

'l.  CleaTage  in  crystals  of  the  same  species  yields  the  same  fbrm  and  angles. 

S.  Cleavage  takes  place  parallel  either  to  one  or  more  of  the  faces  of  a  f^damental 
fbrm,  or  to  its  diagonals,  or  to  some  of  the  secondary  planes. 

*  Tli«  rhnmbohedron  It  the  nnlf  tolid  included  lu  Chli  dlritlon,  u\y  of  whote  ang lat  admit  of  a  tran> 
catinn  or  rr|>l«ca(nait  bjr  three  or  %\x  pUiiea. 

t  r h*  terminal  edge*  nf  tb«  ncUbcdroni  arr  herr  tortoed  lateral,  in  ordor  tiuit  tbe  atataBaoU  OMf  be 
■mrrally  a^pUcable  to  both  prlimt  atid  ocUthLtlroQi. 


■  means : 
H'      lines  ot 

■  ■baarrn 

^^»  a.  CI 

I 


168 


CRYSTALLOGRAPHY. 


3.  Clcarage  u  obtaiaed  with  ecjojil  ease  or  difSculty  parallel  to  similar  ^joat, 
witli  unequal  ease  or  difficulty  purallel  \n  dissimilar  facea. 

4.  Clearage  paraltel  to  sunilur  faces  affords  planes  of  similar  lustre  and  sppe&r»ticr; 
in  the  contraiy  ewe,  of  diasimilar  lustre  and  appearance. 

Thus,  cleftTsge  i»  obtained  with  equal  ease  or  difficulty  parallel  to  all  the  face*  of  a 
eulie,  «igaiar  octahedron,  rhombic  dodecahedron,  or  rhomboheditjo,  which  ai*  bounded 
by  aimilar  pkiiM.  Th*?  rijrht  square  prism,  right  rhombic  prism,  and  oblique  rhombic 
prism  (  ooP  .  oP  of  thediractric,  trimetric,  and  monoclinic  Hystema  nespectivelj)  deai* 
with  equal  ease  or  difflenlty  panilJel  to  their  lateral  planes,  aince  these  aJao  are  aimilaiL 
Frequentlv,  howcrer,  these  prifima  deave  only  parallel  to  their  baacA,  and  Bometim«a 
not  even  in  this  direction.  In  some  cases,  al^,  the  clearace  ia  diagonal,  in  the  sqoan 
prism  alike  in  both  Terti(»J  planea,  hut  unlike  in  the  rhomhic  prisms.  The  right  tws 
tanjrular  prium  (  ooPoo .  ooPoa .  oP,  of  the  trimetric  syrtem),  the  right  rhomboVdid  prism 

iooPoo  .  [osPoo ].  oP  of  the  monoclinic  system)  and  the  oblique  rhombotdal  prisq 
ooP' .  (»]*P.  oP,  or  oot  .  oof  00  ,  oP,  of  the  trielinic  system),  have  the  cleavage  unequl 
paraBel  to  their  faces,  if  attainable  at  all  in  theae  directions ;  moreoTer,  cleeTagts 
tn  these  two  directions  and  parallel  to  the  base  yield  faces  of  unlike  Intftro  ud 
general  aspect.  This  is  ezemplifled  in  gypsum,  which  in  one  direction  deares  with 
great  facility  intn  thin  laminse  of  perfect  transparency  and  highly  polished  surfius; 
whilst  in  a  second  direction,  the  lamime  first  bend  and  then  bre«l,  exnibitin^  a  surface 
which  is  not  smooth  or  pcMsessed  of  mxtch  lustre ;  and  in  a  third  direction,  tlie  Umins 
are  brittle,  break  immediately  on  attempting  to  bend  them,  and  exliibit  »  sui&es 
smoother  than  the  second,  but  not  polished.  In  thick  maeses,  the  second  and  third 
clearages  are  scarcely  attainable.  Two  of  these  cleavages  incline  at  an  oblique  angle; 
bat  one  is  at  right  angles  to  the  third,  showing  that  the  errata!  ia  monoclinic 


Keasurement  of  Crystala. 

A  distal  is  determined  when  we  know  the  relative  Icngtlis  of  the  axes  fijr 
of  the  primu-ry  forms  which  compose  it,  and  their  inclination,  in  case  they  are 
at  right  angles  to  each  other.  These  magnitudes  cannot  bowcTer  be  measurtMl  dirrctlr ; 
the  only  element  of  the  form  admitting  of  direct  measurement  is  the  iccliiiation  <rf 
the  faces  one  to  another;  and  as  these  inclinations  are  connected  with  the  ratios  sad 
inclinafioDB  of  the  axes  by  fixed  geometrical  relations,  the  latter  may  be  detenoio^ 
by  calculation,  when  a  sufficient  number  of  the  dihedral  angles  of  the  crystal  have 
been  measured.  The  oumher  of  angular  measurementa  abwlutely  required  for  each 
f«irm  is  of  coarse  eqnal  to  the  number  of  unknown  quantities  to  be  determined;  thus 
for  a  square  pyramid  aia:  c  (p.  133),  the  only  magnitude  to  be  detennined  is  the 

ratio   -;  and  for  this,  one  angular  measorement  will  suffice,  Tix.  the  angle  either  in  the 
c 

terminal  or  in  the  lateral  edgea    For  a  rhombic  pyramid  o:  6 :  c,  two  qnantitiee  hare 

to  he  determined,  viz.  the  lengths  of  two  of  the  axes  referred  to  the  third  as  unity, 

and  for  this,  two  independent  measurements  are  required.    For  a  monoclinic  pyramid, 

in  which,  ia  addition  to  the  two  ratios  just  mentioned,  the  inclination  of  the  pru.- 

cipal  axis   to  the  clinodiagonal  has  to  be  determined,  three  independent   angular 

measurements  are  required.    In  all  cases,  however,  it  is  advisable  to  take  as  nuoj 

aneular  measurements  as  possible,  in  order  to  check  the  values  first  determined. 

For  the  formulae  which  eipreas  the  relations  between  the  inclinations  of  &«ee  aad 
the  ratios  and  inclinatioiLB  of  the  axes  in  the  seTend  systems,  we  must  refer  to  more 
detaili-d  works*,  and  confine  otirselres  here  to  the  description  of  the  instruments  used 
for  measuring  the  angles  of  cryMtals.  These  instmmeuts  are  called  GoKloXBTBSfl, 
and  are  of  two  kinds,  the  Application'  or  Uand-goniomeier,  and  the  B^ttOiiif 
GonioTTutcr, 

The  h  and- goniometer  is  a  divided  semicircle  a  bd  {fig.  367),  to  which  are 
adupted  two  metal  rules,  one  k  m  being  fixed,  the  other  g  h  movable  round  a  pin  c 
at  the  centre  of  the  semicircle.  Both  these  rides  have  slits,  so  that  they  may  bs 
moved  hackwards  and  forwardit,  making  the  sides  of  the  angle  kn  A  longer  or  ahorter 
as  may  be  required.  A  straight  line  drawn  through  the  point  e  and  the  middle 
rule  Jem  passes  through  the  points  C  and  180°  of  the  divided  semicircle, 
other  rule,  g  Kis  narrower  in  the  part  whidi  moves  round  the  semircirde  (and  lil 
beveUed),  ao  that  the  edge  ff  i  produced  would  pass  through  the  centre  c.  The  aogle 
which  tne  edge  ff  i  marks  on  the  graduated  arc,  is  therefore  equal  to  the  angle  • 
contained  between  the  edges  k  «,  n  h. 

The  crystal  to  be  measured  is  placed  between  the  mlet  k  ft,  n  h  in  such  a  manner 

•  Dana,  Syiteni  of  Mlnerslop.  'ol.  1.  9to,  Kpw  York,  I**.  Miller,  Trtatlie  oo  CTy*uUo^»vhy, 
vtA.  I.  Bvo.  rambrtd^r,  IfOft.  Hinnke  and  Mill{>r,  new  nlltloD  of  rhillip«'»  31iiMral«^,  Imm*. 
London,  1W2.    Kcijip,  KlnleliuiiB  in  die  RrjiUkHoifrHiible.  S>o.  BrauDKhweis,  tMli. 
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thBt  til*  «dgM  of  th«M  ralM  n)»y  botii  be  iit  right  angle*  to  the  line  of  bt^nection  of 
the  two  f&cM  who««  inclinAtion  is  to  be  meiMured.  The  edge  knit  Applied  eloM  to 
one  f«re     *    " 

aombcr  of  degree*  ia  the  arc  </  «  ^. 


of  the  crjit&l.  aod  the  othsr  rale  g  h  it  mored  round  «;  till  the  edge  «i  k 
I  ezACtlj   vitb  the  other  face.    The  indiniitioo  u  then  indicated  br  the 


Fig.  »67. 


Fiff.  358. 


If  one  of  the  faces  of  the  nystal  pments  irrcflivl^nties  aiwng  Ihmi  small  cn-stxls 
being  implanted  on  it,  the  ed^  k  n  must  be  laid  doeelj  os  the  smooth  face,  and  tb« 
other  edge  n  A,  brought  as  dose  as  possible  to  the  other  face  and  paratlel  to  it 

In  meamtring  crrstals  implanted  on  a  surface,  the  parts  ii*  k,  A  n  of  the  roles  mast  be 
moved  along  the  uits  into  the  repaired  positions.  In  sarh  eases,  the  part  d  6  of  the 
gradaated  arc  is  often  in  the  vaj.  To  obriate  this  bcoDYenieoce,  the  eemicirde  is  in 
some  instroments  rat  through  at  b  and  the  two  parts  joined  b^  a  hinge:  there  is  then 
also  a  strip  of  metMl/i  movable  about  c,  which,  when  placed  m  the  poeitiou  shown  in 
the  figore,  serres  to  keep  the  two  halves  of  the  semicircle  in  the  same  plane,  but  when 
morea  towards  e,  allows  the  half  a  b  to  be  tnmed  round  to  the  back  of  b  d. 

This  instroment  is  reiy  eonTenient,  and  indped  indi»«pt»nBabIe,  for  measuring  the 
angles  of  large  OTStals :  on  the  other  hand,  it  is  evidently  inapplicable  to  small  rrystala 
or  to  such  as  are  vcrf  eofl  or  friable ;  and  as  small  crystals  are  of  mnch  more  frequent 
oeeurrence  than  larger  ones,  and  generally  exhibit  the  best  defined  forms  and  flattest 
■orfacea,  the  use  of  the  hand-gomomet-?r  is  necessarily  somewhat  limited.  For  these 
reasons,  the  reflecting  goniometer  of  WoUaston,  which  also  gives  greater  accuncy  of 
measnremeot,  is  much  more  frequently  used. 

The  reflecting  goniometer  depends  upon  the  following  principle.  Let  hao 
(fit),  358)  be  a  section  of  a  erystal,  the  angle  c  of  which  is  to  be  measured.  Thi> 
crystal  is  supposed  to  be  fixed  so  that  its  edge 
is  exartly  in  the  prolonptioo  of  the  axis  of  a 
divided  circle  mnp.  Let  a  mark  y  (a  black 
line  drawn  on  p*per  for  example),  be  so  fixed 
that  the  eye  of  the  observer  placed  at  E  may 
see  this  mark  y  directlv.  in  the  same  dinx'tion 
as  the  image  of  an  object  x  above  the  crj-srtal, 
reflected  from  the  bright  surface  h  c.  Now  sup- 
pose the  crystal  to  be  tamed  round  the  edfje 
r  till  the  face  c  a  comes  into  tlie  poaitinn  e  a', 
in  the  prolongation  of  i  c ;  the  eye  placed  at 
E  will  still  M«  the  image  of  x  in  the  same  di- 
rection E  y,  br  reflection  from  c  a'.  But  it  is 
evident  that  the  angle  a  e  a  (measured  by  the 
arc  »i  n)  through  which  the  cryiital  has  been      „^-'  /  "^ 

turned,  is  the  supplement  of  A  c  o,  the  angle  to 
be  measured :  hence  the  following  rule :  The 

angle  s,  contained  between  two  faces  of  a  crj-stal,  is  the  nipplement  of  the  an^e 
through  which  the  cxystiU  roust  be  turned,  in  order  that  these  two  Ikcce  may  re- 
flect the  image  of  a  given  object  in  the  same  direction ;  or  if  this  latter  angle  is  «=  a, 
the  angle  between  the  two  &cee  of  the  crystal  will  be  180°  —  a. 

The  instrument  by  which  this  principle  is  applied  to  the  m<»iLsnrement  of  crystals  is 
rrpresriitfd  in  fp.  369,  It  consists  of  l  Tortifal  circle  E  E,  dividwl  on  the  e<^ge,  and 
turning  upon  a  horizontal  axis  pMssing  through  the  socket  C,  which  is  fixed  upon  the 
pilhtr  B,  supported  on  a  heavy  loot  A.    This  axis  likewise  carries  a  smooth-edged  due 
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F.  »od  s  mill-edged  disc  O,  botb  immovatly  fixed  to  it  The  duK-  G  is  for  tanuig  &e 
graduaUHl  circle  round ;  the  we  of  the  disc  F  is  to  asBift  in  clanjj'ing  it,  wfaieh  it 
effected  by  compressing  the  lower  edge  of  F  between  two  platea  of  metAl  8,  T,  tLt 
former  «tta<he<i  to  the  uocket  C,  by  memu  of  the  screw  U.  A  vemiar  R,  fttlAch*!  W 
the  metaJ  rtnip  Q  to  the  socket  C,  serves  to  read  off  the  degree*  on  the  eizde  B  £ 
The  ude  which  cairiea  this  circle  and  the  discs  F,  Q,  is  hollow,  and  encloewi  »  tUnoar 


axifl  which  tnrns  within  it  somewhat  stiffly,  and  cwries  at  one  end  the  mill-edgod  ^m 
1,  and  at  the  other  a  bent  brass  rod  K.  This  rod  carries  a  socket  L  in  which  anotbcf 
bent  pod  M  turns,  aiul  in  this  is  another  socket  N,  through  which  masses  a  rod  0  0, 
which  can  be  moTCii  lackwards  and  forwards,  and  turned  rour.d  by  the  diac  P ;  at  tbi 
other  end  of  thia  n>cl  ilie  crystal  to  be  measured  ia  fastened  with  wax. 

To  use  the  inatrumeut,  it  is  placed  in  front  of  a  window  with  the  pUne  of  the  < 
E  vertieal,  and  at  right  angles  to  the  plane  of  the  window,  the  axes  being  then  pai 
to  the  borixontal  bars  of  the  window,  one  of  which — or  better,  a  slit  in  a  piece  ofl 
p«*per  fastened  to  one  of  the  ponce,  may  sorre  for  the  object  x — to  be  reflected  from  I 
plunea  of  the  crystal.  The  observer,  standing  in  front  of  the  instrument,  may  bring  his 
eye  into  such  a  position  al)ovo  the  cr}'stal,  as  to  see  a  horizontal  black  line  .v  dnvD 
below  the  window,  ju.<it  along  the  edge  of  the  crystal ;  and  by  turning  the  crystal  round 
by  the  disc  F,  ho  may  bring  one  face  of  it  into  such  a  position  that  the  reflected  imags 
of  the  window-bar  x  may  just  coincide  with  the  Line  y  seen  directly.  It  is,  however, 
absolutely  necessary  that  1  lie  edge  of  the  crjst^  be  brought  exactly  into  a  lioe  with  the 
axis  of  the  instrument.  This  nm»t  first  be  done  as  nearly  as  possible  by  the  unaswtcd 
eye :  but  to  obtain  a  more  exact  adjustment,  the  crystal  must  be  turned,  by  means  of  ths 
movements  at  L  aad  N,  till  the  reflected  image  of  the  window-bar  seen  from  each  fsre 
of  the  crystal,  is  parallel  to  the  line  y,  tliat  is  to  say,  liorizontaL  The  crystal  is  then  pr™- 
pcrly  placed.  To  meaBuro  the  angle,  the  disc  G  is  turned  round  till  180^  on  the  divided 
circle  £  E  (^incides  with  the  cero  of  the  vemti<r  ;  the  screw  U  ia  tightened  ao  as  to 
damp  the  circle  E  E ;  and  the  crystal  is  turned  roumd  by  the  disc  I.  till  the  image  tit 
X  from  one  face  coincides  with  the  line  y.  The  circle  is  then  undamped,  and  turned 
round  by  the  dijic  G,  till  the  other  face  of  the  crystal  is  brought  into  the  same  position. 
The  dirision  of  the  circle  which  is  thus  brought  opposite  to  the  sero  of  the  Teruiir, 
gives  directly  the  number  of  dcgrefs  in  the  angle  contained  between  the  two  faces  of  tlis 
ervstal.     (For  other  forms  of  the  reflecting  goniometer,  sea  Dana's  Mtneralogy,  L  127.) 

^Vhen  the  faeea  of  a  crystal  are  bright  and  rj?flect  well,  a  comparatively  distant 
object,  Bueh  as  the  edge  of  the  roof  of  an  opposite  house,  may  be  Tiewed  in  them,  «ad 
the  angles  mtij  then  be  measured  within  a  few  minutes;  the  greater  the  distance  of 
this  ob|ect,  the  more  exact,  caU-ri*  paribus,  will  be  the  measurement  With  crystals  of 
less  r*?fltH:ting  power,  nearer  objecta,  such  as  the  window-bars,  must  be  chosen;  sotne- 
times  indeed  it  is  necessary  to  use  the  flame  of  a  candle  placed  behind  a  screen  bavi^f 
a  horizontal  slit  Crystuls  whose  surfaces  have  little  or  no  reflecting  power  majMai^ 
timea  be  nieuaured  with  the  ivflfcting  goniometer,  by  attaching  to  their  fiicee  vety  tbb 
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pkfM  of  mica,  hj  mfans  of  water  or  oil  of  turpentine,  tcoording  to  the  OAtura  of  tbo 

Artidoikl  cryvtalfl  generally  Iom  their  lustre  trbra  toncfard  with  the  bud,  and  will  not 
botr  d«tntnff.  Tb«  bast  w»t  of  maoipuUting  with  tbem,  i»  to  fusten  tb«;m  wilb  wax 
bj  tbdr  dallest  surfiice  to  s  uttle  piece  of  wo^  which  miiy  then  be  ut^ed  us  a  handle, 
tnd  for  attaching  theon  to  the  goniometer. 

It  L»  important  to  ob«erre  tiut  the  aii|^  of  ciystab  often  change  to  a  certain  extent 
with  change  of  tempemtore ;  himet,  <br  Metmte  meaanremeDta,  the  temperature isbould 
always  be  noted. 

CtrmJUr.    A  ostire  ■olphide  of  iron  and  copper,  CaPe8»  (ue  page  78). 

017BB  OB&  PharmaoogidrriU,  Sidrrite,  Wur/rlert,  A  variety  of  natiye  bib»- 
nate  of  iron  oeourring  in  cryvtala  of  the  reguLir  oyvtem,  rix.  cabes,  eometimea  perfect, 

•ometimet  hftTing  their  edge*  or  angles  truncated,  «.y,  oeOao  .  wO  (Jig.  196),  ooOoo  .  ~ 

ififf.  198),  snd  others.  ClesTnge  cubic,  imperfect.  The  cube-faces  ue  sometimes 
striated  parsUcl  to  their  intersections  with  the  octahedral  fiiees.  Planes  often  curred. 
Rarely  granular.  Specific  gniTity  •>  2*9  to  3.  Hardness  «  2*6.  Lnstre  adanuotine, 
not  Tery  distinct  Uolour  otive-green  to  blaekish-brown,  also  passing  inio  gnus-greea 
and  emerald-green.  Streak  ohre-grreen  to  brown,  yellow,  pole.  Subtranslucent.  Bather 
•ectilo.    Pyroelectric    (Dana,  iL  422.) 

When  heated,  it  gires  off  water  and  turns  red.  Before  the  blowpipe  on  charcoal,  it 
gives  off  arsenic  vapoun,  and  melts  in  the  reducing  flame  to  Agrer  shining  slag,  which 
gires  with  fluxes  the  reactions  of  iron  and  arsenic  Soluble  in  bydrochlorio  acid. 
Caustic  potash  qoickly  turns  it  reddish-brown,  and  decomposes  it  for  the  most  part 

An  analysis  by  Beraelius  gare  40  93  per  cent.  As'O*.  267  P*0»,  39  90  Fe=6*.  066 
CuO.  and  18'94  water  (=  102-99;  after  deduction  of  I  76  oer  cent,  matrix).  If  the 
•mall  quantity  of  copper  be  regarded  as  Cu*(AbO')*  and  deducted,  the  remainder  may 
be  regwled  as  a  tetrabssie  ferric  arsenAte  with  16  at  water,  in  which  ^  of  the 
arsenic  is  repbieed  by  phocphonis,  giring  the  formuLi — 

}  }7As»0» 


4Fb«0».3 


+  15HH); 


or  3[Te»0».{A«^fr)«0»  +  4H«0]  +  reK>».3H»0 
-  3[(Fe')'*(ji,i^^)«0».4U»0]  +  (Fe«)'*H*0*. 

in  which  the  first  member  has  the  form  of  Scorodite.     ^Bamm.  Mineralch.  p.  872. ) 

Ctibo-ore  was  formexly  obtained  from  certain  mines  m  Comwalj,  where  it  occurred 
coating  csvitiPS  in  quartz,  with  ores  of  co|>per.  It  is  dow  found  in  small  shining 
crystJtiB  at  Bundle  Oili,  Cumberland ;  also  in  Australia ,-  at  St.  Leonard  in  Franco, 
and  at  Schneeberp  and  Sebwnraenberg,  in  Saxony. 

CiraXmA.  CItTrsxX  MZQ.  The  fruit  of  the  black  pepper  of  West  Africa,  called 
PipfT  eaudatttJiK  According  to  SCenhouae  (Ann.  Ch.  Fhann.  xcv.  106),  it  eostiuna 
piperin  and  not  cubebin,  so  that  it  must  be  regarded  as  pepper,  not  as  cubeba. 

COIBZSSVB.    An  isomeric  modification  of  oil  of  cubebs  (p.  172). 

CXrSEBTir.  C"H'*0*?  (Soubeiran  and  Capitaine.  Ann.  Ch.  Pbarm.  xixi. 
190.  Kiegel,  N.  Jahrk  Pharm.  viiL  96.  Schuck,  N.  Repert.  Phorm.  i  213.)  A 
t^ystalliue  substance  existing  in  cubebs.  It  is  obtained  by  exhausting  with  alcohol 
the  pulpy  residue  left  after  the  preparation  of  the  essential  oil  of  cub«bs,  treating 
tlie  alcoholic  solution  with  potash,  wasliing  the  resulting  precipitate  with  water,  and 
crj-Ptallising  from  alcohol  (.Soubeiran  and  Capitsiue'l.— Schuck  prepares  cubebin  by 
mixing  cub<-bene  with  |  of  its  weight  of  qoicklime,  exhiiusting  with  alcohol,  treating 
the  evaporated  extract  with  dilute  potash.  diBSolring  the  residue  in  alcohol,  decolo- 
rising with  animal  charcoal  and  leavincthe  solution  to  ay."italli3e.  17  oz.  of  cubebene 
thus  trv«tcd  yield wl  16  ^rrains  of  cubebin. 

Cubebin  crystalliseH  in  groups  of  small  white  needles.  It  is  tasteless,  inodorous, 
melts  at  120°  C.  i,S chuck),  but  cannot  be  vohitilised  without  decomposition.  It  i»  vciy 
slightly  soluble  in  water  and  in  cold  alcohol,  more  soluble  in  boiling  alcohol,  the 
solution  solidifying  to  a  pulp  on  cooUng.  Ether  dissolves  3-7fi  per  cent,  cubebin  at 
12^  C.  and  more  when  heatcA.  Cubebin  also  dissolves  in  acetic  acid,  and  in  oils  both 
fixed  and  voktile.  Strong  sulphuric  arid  first  colours  it  of  a  fine  bright  red,  very 
much  like  that  which  it  imparts  to  salicin,  but  afterwards  changing  to  crimson. 

CVBaas.  The  fruit  of  Ptptr  Cuiifi^,  L.,  a  native  of  Java.  When  dry,  it  forms 
roundish  blackish-grey  berries  of  the  size  of  pepper,  enclosing  a  hard  white  oiJy  seed. 
It  has  an  aromatic  peppery  odour,  and  a  sharp  bitter  taste.  According  to  Monheim 
(J.  Cbim.  mM.  xi.  362),  it  contains  2-5  per  cent,  green  volatile  oil,  1*1  yellow  liquid 
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©iL,  6*0  cubetin.  l/i  balBnmic  rwin,  30  w«iy  matter,  6-0  ertTECtire  mAtter,  1-5  chlotidt 
of  sodiom,  Bod  64*0  woody  fihre. 
CunmUB,  CAMPHOR  or.    (BUnohet  anil  Sell,  Ann.  Ch.  Fharm.  tL  SM^> 

Sitaroptme  of  Oil  of  CuheAe.  The  voliitile  oil  of  onbebBi,  tfter  rectifleatioa  with  waUt, 
deposits  thia  compound  in  rhombic  cryetala  P  .  oP.  ooP,  in  which  P  :  P  in  the  terminil 
cdg'^s  =116°  40  and  7fi°  24',  and  in  the  lateral  edgoa  =145°.  Cleavage  p«?rfe«». 
parrtll"]  to  oP.  It  mchs  at  6%^  C,  boils  at  ISO**,  and  distils  without  aJterriTion-  It  ii 
insoluble  in  water,  soloble  in  alcohol,  ether,  and  volatile  oils.  The  alcoholic  aoludoa 
pcssessofl  optical  rotatory  power. 

According  to  Bknchet  and  Sell's  analysea,  the  caunphor  contains  from  80*1  to  81 1 
percent,  carbon,  and  H'l  to  11*7  hydrogen,  a^;reeing  approximately  with  the  fotmolt 
C'*H'^  or  C'*fl'*.H'0,  whence  it  appears  to  be  •  hydrate  of  oil  of  cubebe  or  o( 
eabebene. 

The  camphor  dissolves  in  strong  sulphnrio  add,  formbg  apparently  a  conjugated 
acid.  It  is  partially  soluble  in  boiling  potAah.  3y  nitric  add  it  is  converted  ioto  a 
brown  r«>sin  ;  by  chlorine  iato  a  viscid  aubatance. 

CVBBBS,  OZXi  or.  C^*W\  (M tiller,  Ann.  Ch.  PharTn.  iL  ga  Blanchet 
and  Sell,  Md,  vi.  294.  Winckler, ^<<f.  viii.  203.  Soabeiran  and  Capitaine,  ifnd, 
xuiv.  3H.  Aabergior,  Rev.  scienL  iv,  220.  Brooke,  Aonala  of  Philosophy, 
new  serfrM,  v.  450.  Oerh.  iii.  634.)  This  oil  is  obtained  by  diatilling  eubeba  with 
water.  It  is  folourloss,  viscid,  of  speciflc  gravity  0*929,  has  an  aromatic  odour,  and  t 
camphor-like  spicy  t^iste.  It  boils  betweea  250^  and  260*'  C,  always,  however,  with 
partial  decomposition.  Exposed  to  the  air,  it  becomes  thicker  and  reainooa.  It  tons 
the  plane  of  poUrisution  of  a  luminous  raj  to  the  left. 

Hf/drochf orate  of  oil  of  cu A (rfi*,C'*H",2HCl,  is  prodneed  by  passing  bjdr»> 
chloric  acid  gas  into  tbo  rectified  oil.  It  forms  oblique  prisms,  colonrleaa,  ftelfw, 
ini>dorou3,  melting  at  131°  C,  very  soluble  in  alcohoL  They  turn  the  plane  of  pola- 
risation to  tin?  left. 

CuMiene. — Oil  ofculwbs  distilled  with  BiUphnric  acid  is  convertdd  into  an  isomene 
oil^cnbebenc,  posseestng mach  less  optical  rotatory  power  than  the  origpinal  oiL 

CITBICITB.     Syn.  with  AwAicmn  (i.  210). 

CI7111I1OS&.  A  constituent  of  the  edible  birds'  nests  of  India,  exhibiting  the 
gencr-dl  jimperties  of  the  neutral  albuminoids.     (Pay  en,  CompL  rend.  xlix.  626.) 

CVBOZCZTB.     Syn.  with  GiiABAsnii, 

CtrsOITE.     Syn.  with  Amalcihs,  also  with  Sodautb. 

CVCtTMXS.  A  genus  of  cucurbitaceous  plants,  including  the  cnciiznber,  nelofi, 
and  some  kinds  of  gourd. 

The  fruit  of  Cucatnis  ootocynthix^  the  bitter  apple,  or  eolocynth  gourd,  contains  ■ 
pulp  or  pith  which,  when  separated  from  the  seeds,  constitutes  the  purgatiTe  drug 
eolocyntb.    (See  Couwtsthin,  p.  78.) 

C.  nuto,  the  melon,  baa  been  examined  by  Pay  en  (Buchn.  Repert.  Ixvi.  104)  :  it  con* 
tains  the  usual  vegetable  constttucnta.  The  root  contains,  according  to  Torosiewjci 
{i/jtd.  ilv.  1),  an  emetic  principle,  raelonemetln;  and  yields  6*4  per  cent,  of  ash,  of 
which  0  per  cent,  consists  of  hrUs  soluble  in  water,  and  96  per  cent,  insoluble  matter. 

The  fruit  of  €.  prirphrtarum  contains,  according  to  Winckler,  a  bitter  princtt^ 
which,  according  to  Wak,  is  cssentiRlly  a  resin  {Prophetmhare),  containing  C*H*0', 
Beporable  mio  prophcterin  01  prophcinn^  C"H**0*,  and  a  carbohydrate  (glncoee). 

CVCnTKBZTA.  Another  genus  of  cucarbita(%oas  plants,  including  the  eommiMl 
gounl,  C.  maxima,  with  its  numerous  varieties,  the  TCfOtaUe  marrow,  C.  oviffra,  tba 
orange  gourd.  C.  aurantia,  the  squash  or  bush  gourd,  0.  mdoprpo,  the  bottJs  goonl, 
C.  latfrnaria,  &c.  &c.  Moat  of  them  are  eatable;  but  the  orange  gourd  is  bitter,  snd 
the  bottle  gourd  ia  a  dangerous  poison.  The  fruit  of  this  last-mentioncsd  species,  how- 
ever, contains,  according  to  Marquardt  (J.  pr.  Chera.  xi,  600),  about  6  per  cent,  of 
sugar,  and  is  used  in  Hungary  for  the  extraction  of  sugar.  The  seeds  contain  a  taild 
fixed  oil — ITie  water-melon,  C.  citrulbts,  has  been  exumined  by  Landerer  (Buchn. 
Rf'perL  Ixvi.  104).  Lenoble  (J.  Pharm.  [3]  xx.  36fi)  found  in  it  3  per  cenL  sogtf, 
30  per  cent,  residue,  and  67  water. 
CiTOSisaK.    See  Ahckh,  (i.  366), 

ClTTii:ils,XTll.  A  name  sometimes  given  to  a  mineral  from  Culebms  in  Mexio\ 
FHiembliDg  Riolite,  and  said  to  oooaist  of  selenide  of  atnc  and  snlphide  of  taaearf. 
(Haudw.  d.  Chem.  iL  [3]  236.) 

CDXin.AaAir  or  Cxrx.ZX.A'WAW,  oik  or.  A  volatile  oil  obtained  ttom  tbs 
biirk  of  Laurv*  Cidilafjan  or  Cu/dawttn,  or  Cinnamomum  CuliUtwan  {Nets),  a  native  d 
the  Moluccas,  by  distillation  with  water.    It  is  colourleaa ;  nnells  like  oU  of  e^^pa*. 
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•ad  on  of  dont ;  Ib  bf^arier  thAD  water ;  dissolrea,  with  red  colour,  in  citric  acid, 
rormiag  a  aolotion  from  wUich  water  throws  down  a  brick-red  reain  (Schl  osa).  H«ut«d 
with  6  parU  of  fumip^  nitric  acid,  it  Dwells  ap  Btroogly,  gives  off  nitrons  gaa,  and, 
wfa«n  repeatadly  distilled,  yields  oxslic  add,  amonnting  to  \  of  the  oiL     (G  m.  rri.  3S4. ) 

CVMSVa.  Cimol,  Bydridt  of  CumfnyL  C»H"  =  C*H",H.  (Pelletjop  and 
Walter  [18371,  Ann.  Ch-  Phva.  [2]  Urii.  99.  Gerhardt  and  CahourR,  Ann.  Ch. 
rhys.  [3]  i.  87,  372 ;  Ann.  Ch.  Phann.  xxxniL  88.  Gerhardt,  Ann.  Ch.  Phvs.  [3] 
rir.  107.  Abel,  Ann.  CL  Phann.  Ixiii.  308  ;  Mem.  Chem.  Soc.  iii.  441  ;  Phil*  Mag. 
xxxii.  63,  Cabonra,  CompL  rend^xxir.  557,  xxx.  321.  Mansfield,  Chetn.  Soc.  Qii. 
J.  L244:  Ann.  Ch.  Phann.  hdjc  179.  Gerhardt  and  Li^s-Bodart,  Compt.  rend. 
zxix.  SOS;  Compt.  ehim.  1849.  386;  Ann,  Ch.  Phjirm.  bcxiL  293.  Ritthauaen. 
J.  pr.  Chan.  IzL  79.  Church,  Phil.  Ma((.  [4]  iz.  256.  Li^s-Bodart,  Compt.  rrad, 
xliiL  394  :  Ann.  Ch.  Ph&rm.  100.  352.  Warren  de  U  Bae  and  H.  Miiller,  Chrm. 
Gax.  1860.  376;  J.  pr.  Chem.  Ux.  30. 

Thia  body,  diacorered  by  Gerhardt  and  Cohoura  in  1840,  is  probably  id<'ntic«l  irith 
the  reain-oil  or  letinyl  obtained  by  PcllKtit-r  and  Walter  from  the  rpwin  of  Pinus 
fnarilima  (see  PnrB-BBflDn),  and  probably  uho  with  the  hydrocarbon  pro<luc«d  by  thi» 
action  of  nhoaphoric  anhydride  on  phorone.  It  is  iaomeric  with  meaitylcns,  with 
methol,  ana  with  a  hydrocarbon  discovered  by  Church  among  the  producta  of  the  dia- 
tillation  of  ougeoate  of  barium. 

Cunteno  exista  ready  formed  in  Banneee  naphtha,  that  subatancei,  when  aqneons 
rapour  at  200*'  C.  ia  paoaed  throngh  it,  yielding  hydrocarbons  from  which  sulpho- 
camenic  acid  ia  pzt>dac«d  by  the  action  of  oil  of  vitriol  (Warren  de  la  Roe  and  H. 
M  iille  r).  It  ia  produced :  L  In  the  difltilktion  of  cnminic  acid  with  excess  of  buryta 
(Gerhardt  and  Cahoara).— 2.  In  the  dry  distillation  of  therein  of  Pinut  mantima 
(Pel  le  tier  and  Walter) ;  of  the  wood  of  that  tree,  pawing  over  into  the  crude  spirit 
^Cahoara);  and  of  coal,  being  found  in  coal-tar  naphtha  (Mansfield,  Ritthansen, 
Church).  —-3.  In  the  distillation  of  phorone  with  anhydrooa  phosphoric  acid.  (Ger- 
hardt and  Liia ;  Lite.) 

frtfaration. — 1.  fyom  CumiiUe  Add. — 1  pt  of  cominic  acid  is  gradaaHy  lieatad 
in  a  retort  with  4  pta.  of  baryta.  When  the  neat  is  carefull  v  applied,  and  not  mora 
than  6  grammea  of  cominic  acid  are  nsed,  nothing  but  coloorleaa  cnmene  passes  over, 
while  carbonate  of  barium  remains  behind.  The  ose  of  larger  qoantitifls  at  once  ia 
not  to  be  mcomraended  (Gerhardt  and  Cahoors).  Abel  mixes  cominic  acid  with 
4  pta.  of  lime,  and  heats  the  mixture  nearly  to  redneaa  in  a  copper  retort  placed  in  a  deep 
aand-bath.  The  eolourleaa  duttillate  has  an  oopleaaant  empyrenmatic  odour,  which  it 
ntaioi  even  after  rectification  over  bydnita  of  potassinm.  Abel  therefore  distils  it 
•with  oottoentrated  chromic  acid  (which  doee  not  alter  the  comene),  distils  (wherel^ 
the  had  smell  is  completely  destroyed,  and  the  pleasant  odoor  of  cameno  becomee  per- 
eeptible),  and  dries  over  chloride  of  ealdtun. 

2.  From  the  Itetin  of  Pintit  maritima. — When  the  brown  oil  obtained  in  the  prepan* 
tion  of  illuminating  gas  by  the  dry  distillation  of  this  resin,  ia  subjected  to  fiaietional 
distillation,  bensylene  p*ww  over  between  130°  and  160=*  C,  and  then  cumene.  The 
latter  is  aereral  times  distilled,  with  aeparation  of  the  first  portion  of  the  distilhitet, 
which  contains  toloeoe,  then  treated  alternately  with  oil  of  vitriol  and  caaistic  potash, 
and  each  time  diatilled,  and  finally  rectified  two  or  three  times  over  potaasium.  (Pelle- 
tier  and  Walter.) 

3.  From  JAght  Coal-tar  Naphtha,  pasiring  over  between  140°  and  145°  C.  f  Mans- 
field); between  139°  and  140°.  (Ritthsusen).— It  exists  in  the  nupbthain  considerable 
quantity,  and  may  be  advantageoosly  prepared  therefrom. 

4.  FVom  crude  Wood-fpirii, — ^When  the  oil  separated  from  this  liquid  by  water  is 
shaken  up  with  oil  of  vitriol,  washed  with  potash-lev  and  water,  driini  over  chloride  of 
Calcium,  and  distilled  over  phosphoric  anhydride,  and  the  portion  which  distils  between 
140°  and  150^  C.  is  subjected  to  fractional  diMillation«  comene  paasea  over  between 
145°  and  148°.     (Cahoura.) 

Prnptrtus. — Comene  is  a  colonrleas  strongly  refracting  oil,  having  an  agreeable  odour 
like  that  of  benzene,  and  a  pungent,  somewhat  bitter  taste.  Specific  gravity  087 
(Pelletier  and  Walter).  Boil*  at  144°  C.  (Gerhardt  and  Cahoors) ;  at  148°  (Abel  and 
Cahouw).  Vapour  deneiQr  -  4-0  to  43  (oba.);  4-16  (calc  2  vols.).  Ito  compofiitioa 
is  ahown  in  the  fbiUowing  table : 


aieu/ttlkm. 

Petletlsr  and 
Waltrr. 

Gnrhardt 
Htiil  Cahouri. 

Abd. 

UH. 

0»     . 

.     108             90 

89-48 

89-81 

90-34 

88-67 

H«  . 

•    n        10 

11108 

9*97 

9-88 

10  28 

0»H"  , 
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100 


99-66 


99-78 


100'22 
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CUMENE  —  CUMENTL.UimE. 


Cnnieno  is  inBoIuble  in  water,  but  diasolres  readily  io  wood-tpirit,  aUcoMt  etMer^  9ai 
volatUe  oil*.  It  eombines  with  fixfd  oil;  fats,  and  most  rain*.  With  the  aid  of  httt 
it  diflsolTes  mfphur,  wlijcb  crystallises  out  on  cooling ;  it  &ko  dissolTes  wtitu^ 

JhoomjpotttionM. — 1.  Cun)<?ue  is  conTerted  by  fuming  tvlpkurie  acid  into 
ruraenic  acid  (Gerhardt  and  Cahoure).  —  2.  When  chlorine  is  passed^  ipto 
cumene,  and  the  TolatUised  portion  ia  cobobatcd,  a  thick  ftuut'Pni<dliiig  oil  is  obt  ^ 
frhich  bums  slowly  with  a  smoky  gre«n-cdged  flamo ;  itA  vapour  doe»  not  attiu.-k  ( 
ey«i  (Pelletier  and  Wiilt<?r).  —  3.  By  fuming  nitric  acid,  it  ia  converted  into  nitir>- 
ouraene  (Cahours,  Nicholson),  also  by  boiling  with  strong  nitric  acid,  but  by  continaed 
boiling  it  forms  a  peculiar  add  (G-erbardt  and  Cahours).  If  the  boiJing  be  continued, 
the  nitrocumene  disappears  again,  and  ia  gradually  convert^  into  a  yellotrish 
crystalline  mass,  which  disaolvea  in  ammonia,  with  the  exception  of  a  small  polw- 
mlent  rmdoc  Hydrochloric  acid  added  to  the  solution  precipitates  nitrobMJioic 
acid  (Abel,  Cahours).  I>ilute  nitric  acid  conTcrts  cumene,  afttr  four  or  fire  dajiT 
boiling,  into  benzoic  acid  (Abel).  —  4.  A  mixture  of  fuming  nitnc  and  fuming  ni- 
phuric  acid  slowly  conTerts  camenc  into  dinitrocumene  (Cahonrs). — 5.  Potasntut  I 
for  some  time  in  coutact  with  cumene,  blackens  and  becomes  covered  with  a  V 
crust,  whifh  appears  to  be  carbide  of  potaasiuoj  (Pelletier  and  WalU?r). 
not  altered  by  potaah-loy  or  by  fused  potash. 

Vltroonmene.  C'H**(NO-').  (Cabourn,  Compt.  rend.  ixv.  652,  xxxL  Hi. 
Nicholson,  Clwm.  Soc.  Qu,  J.  i.  2.  Ritthausen,  J.  pr.  Cbem.  IxL  79.) — Wb« 
cumene  is  dis&olTod  in  fuming  nitric  acid,  the  mixture  becomes  hot  and  gim 
abundance  of  red  vapours,  and  on  adding  water  to  the  liquid,  nitrocamen«  it  [ 
tat«d  as  a  heavy  oil.  It  is  yellowish,  and  has  a  fainter  and  less  agreeable  odour  I 
nitrobenzene.  By  sulphuretted  hydrogen  in  presence  of  alcohol  and  anunonia,  i 
oouverted  into  cumeajluuiiije, 

Sliiltr«eameii«.  C*H"( NO*)'.— Obtained  by  treating  cntnene  with  a  roixtttr*  of 
fumiujr  nitrii'  and  fuming  Hnlphnric  acid.  The  action  takes  place  with  difficulty,  and 
reaiiins  fr«>queut  renewal  of  the  acid  to  compk'te  it 

Dinitrocumene  crystallises  from  alcohol  ia  white  laminaB.     It  is  insohible  in  ( 

alkaline  leys,  but  diaeolvea  in  alcoholic  potash  and  is  conrcrtcd  thereby  into        

benzylene  ;  hydrochloric  acid  added  to  the  solution  throws  down  brown  flake*.     {C$r 
hours,  Eitthausen,  foe.  cii.) 

CUmszrs-StnbPBTrKXC  ACn>.     See  dncEA-TL-svrpHrBovs  Acid. 

CJJWSBVQTTM,  A  cFystjilliispd  mineral  from  the  province  of  CoQstaxitine  in  A6u% 
eontaining,  according  to  Camenge  (Ann.  Min  [4]  xx.  81),  2U  at.  antimony.  21  at, 
oxygen,  and  16  at,  water.  Rammelsberg  {Mineralchtnnif^  p.  166)  suggests  that  it 
may  be  a  hydrate  of  antJmoiiic  acid,  Sb^0»,4ffK>  (or  2H»SbO*.H\)). 

drMBIirTXi.  CH'l — A  monobasic  radicle  which  may  be  supposed  to  exist  u 
coraeuc,  cuminic  acid,  and  many  allied  compounds.    Thus: 

Cumeno  (Hydrate  of  Cumenyl)  .... 
Cutnidine  (Oamenylamine)         .... 
Cumonitrile  (Cyanide  of  Cumenyl)    . 
Cumene-sulphuric  or  Sulphocomenic  acid  (Cnmenyb  } 
sulphurous  acid) 

Cumtuic  or  Cynoylic  Alcohol      .... 

Ctunyl 

Cominic  Aldehyde  or  Cuaunol  .... 


Cntninic  Add 


C»H".CN 

(so-)i 

CO.(?H"» 
CO.CH" » 

H   i 
CO.C»H'»»^ 

H    {" 


It  win  be  seen  from  these  formula,  that  cumene,  cominic  alcohol,  caminoL,  aod 
cnminia  acid  are  related  to  one  another  in  the  same  manner  aa  marsh-gaa,  ethylie 
aJcphol.  acetic  aldehyde,  and  acetic  acid. 

The  name  eununyl  has  also  been  applied  to  C'*H",  the  radicle  which  is  to  eymyiie 
alcohol  as  ethyl  to  common  alcohol;  but  this  creates  confusion- 

CTr»xeirrx.A]|CIl«B.  Cumidine.  CH"'N  =  N.H'.CH".  Cahonrs  [1847], 
Compt.  rend.  xxiv.  fi57  ;  xxri.  315;  xix.  321,  Ed.  Chambers  Nicholson,  Ann. 
Ch.  Pharrn.  liv.  fiS;  Chem.  Soc.  Qu.  J.  i.  2.  A.  W.  Hoframin,  Ajin.  Ch.  Phann. 
Ixvi.  146;  liiiT.  Ifi.  Eittbaasen,  J.  pr.  Chem.  Ixi.  79.  Church,  PhiL  Mag.  [4] 
ii.  464.) 

Formation. — By  the  acdon  of  salpbydric  acid  on  nitrocnmene,  C?H"(NO*X  n 
pmeoce  of  alcohol  and  ammonia. 
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Avpflnrt^M.— Nitrocumene  u  diicolred  in  alcohol,  and  tjo  solation  is  Katmmted,  fint 
«ith  uunoniat  ibcD  with  aulphydric  acid.  After  a  few  days,  when  a  laise  qaaatiqr 
tfi  •alpbur  baa  been  deposited  and  the  odour  of  sulphjrdric  acid  ia  no  Tonser  per> 
crptibM,  the  gaa  ia  tgaia  {>ane<l  through  the  solation  lUiJ  the  bquid  ia  atstiuod, 
vhcrabj  the  decompoaition  of  the  aulphjdric  acid  ia  acc«leratod ;  and  this  trc^itmrnt 
ia  r«^t«d  till  the  whole  of  the  nitrociuaeiie  haa  diaappeared.  The  alcohol  oad 
•olphide  of  ammonium  arc  then  remoTcd  by  diatilbtion  ;  toe  reaidue>  is  disaolTed  in 
hjurochloric  acid ;  the  liquid  &lt«red  from  the  siilphiir  ia  rvuporated  till  it  aolidifiea  ic 
•  czyatalline  maaa  on  cooling ;  and  the  boiling  solution  of  hydrochlorate  of  cutnfiiykmine 
if  trmtod  irith  poUah  to  aepante  the  baae,  which  riaea  to  the  top  of  the  liquid  as  an 
oily  layer.  Thia  oil  ia  Twtified  and  anpensaturated  with  a  concentrated  solation  of 
•xalic  acid  ;  the  liquid  ia  emporatiHi  to  dryneaa ;  the  reeidtte  diaaoWed  in  boiling 
alcohol ;  and  the  solation  tivatcd  with  blood-charcoal ;  the  filtrate,  on  oooHng.  deposita 
perfectly  pure  colourleaa  ptiama  of  oxalat«  of  eomeDyhuaine.  Thia  aalt  la  diaaolTed  in 
water ;  the  aolution  deoompoaed  by  polaah ;  and  the  larer  of  oil  which  riae«  to  the 
aor&ee  ia  remored  with  a  pipette,  dried  orer  chloride  of  calcium,  and  rectified. 
(Nicholson.) 

Properties. — Pale  yefloir,  or,  when  recently  distilled,  nearly  colonrleaa  oH,  of  apecifio 
VKfitj  0'9526.  Be&acta  and  diapenea  light  itrongly.  When  cooled  by  a  miitore  of 
Ma  tad  aalt,  it  aolidiAee  in  a  maaa  of  aqoare  pUtea,  which  quickly  melt  again  as  the 
tamperatorie  riaes.  Dropped  apon  paper,  it  forms  a  greaae-spot,  which  gradually  dia- 
appears.  In  contact  with  pltttinuin-wire,  it  boile  eonstantly  iit  225''C.,  when  the 
barometer  stands  at  0701  met  It  haa  a  peculiar  odour  and  baruing  taate.  Neutral 
to  turmeric  and  red  litmoa  paper.  Colonn  firewood  intensely  yellow  Uike  phenyl- 
Amine  and  benaylamine),  bat  doea  not  exhibit  the  reaction  of  phenykmine  with 
chlflriflo  of  lime.  ^  It  diMolves  Teiy  sparintjlj  in  water ;  reiy  eaaaly  in  sulphide  of 
carbon,  vood-apirit,  alcohol,  ether,  and  fat  oils.     (Nicholson.) 

JhcoiMH^Mtpms. — 1.  Cumenylamine  ncpoaed  to  the  air,  even  for  a  few  minatea  only, 
taxna  yellow  and  then  dark  ivd.  espedfllly  if  warmed. —  2.  The  vapour  buma  with  a 

iellow,  rery  fuliginous  flame. —  3.  It  is  viclently  attacked  hjchUtraU  o/potauium  and 
i/drifchlonc  aci(£  and  couTerted  into  a  brown  riadd  maaa,  which  ameUa  atrongly  like 
tnchlororophenic  acid,  and  ia  dissolved  by  alcohol,  leaving  a  residue  of  chloraniL — > 
4.  By  bromine  it  ia  oouTerted,  with  rise  of  temperature  and  evolution  of  hydrobromie 
acid,  into  a  aolid  maaa,  which  is  insoluble  in  water,  hut  aoluble  in  alcohol  and  ether, 
wyfilliawi  in  white  needlea,  mad  is  perhapa  tribromocnmenylamine  (C'U>*13r*N). — 

6.  dtnmg  niirie  add  diaaolvea  comenyhunino  with  splendid  purple  colour,  and  water 
added  to  the  liquid  throws  down  flakea  which  appear  to  be  an  acid. —  6.  Dry  chromic 
acid  becomes  very  hot  in  contact  with  cumenjTamine,  but  doen  not  set  it  on  fire.— 

7.  In  phosgene-gaa,  eumenyhimine  ia  immediately  coDTerle<l  into  a  crystalline  maas^ 
which  aeparates  from  alcohol  in  lon^  crystals  IDce  nitre  ;  probably  dicummylcarbajnide 
N*.H*(^CH")«.(CO)"  homologouB  with  diphenylcarbamide  or  carbanilidc.— 8.  Cume- 
nylamine diasolTf>8  in  inUphide  tf  earbm^  and  then  gives  off  a  large  quantity  of 
■ulphurettcd  hydrogen ;  water  added  to  the  solution  throws  down,  after  a  long  time, 
ft  qaicUy  tolidifying  oil,  which  crystallises  from  alcohol  in  long  needles ;  probably 
diemmtHyUuipkoearbamidt,  N*.H«((>H")»(CSr  (Nicholaon).— 9.  When  dissolved  in 
Water,  it  ia  converted  by  etfanogm  Qtu  into  cyanocumenyliunine  (Bofmann). — 
10.  With  eyanate  of  pkrnt/l,  it  immemately  aolidiflea  to  a  solid  crystalline  maaa. 
(Hofinann.) 

Salta  of  CoBkeaTlaiBlBe.  Cumeoylamino  is  a  very  weak  baae.  It  precipitates 
BMquioxide  of  iron  from  ft^rrio  salta.  It  doea  not  precipitate  alumina  or  ainc-Balta. 
Ita  aalts  oyatalliae  very  easily,  and,  with  the  exception  of  a  few  doable  aalta  containing 
chlorides  of  the  heavy  metala.  they  are  coloorlesa,  bat  turn  reddish  on  exposure  to  tljs 
air,  or  when  dried  at  a  very  high  temperature.  They  have  an  acid  reaction  and  are 
anhydrous,  like  the  salta  of  phenylamine.  From  concentrated  solutions  of  cumetiir  lamine* 
salts,  alkalia  B^)ar8te  the  cumenylamine  in  dark  oil-drops,  and  firom  dilute  wlntiona 
in  tlie  form  of  a  cord.  AH  the  aalts  of  cumenylanune  dissolve  in  water,  but  better  ia 
alcohol.     (Nicholson.) 

Acetate  of  Cumenylamine  crystallises  readily. 

Rydrohromate  of  Cumenylamine  crystallises  readHy. 

Bydroeklorat*  of  Cumenylamine,  C*H'*N.HC1. — The  combination  of  ctime^ 
nylamine  with  hydrochloric  acid  ia  attended  with  evolution  of  heaL  The  wilt  crya- 
tAlliaea  from  water  or  alcohol  in  large,  coionrlc^ss,  iiiodorona  prisms,  which  turn  red  in 
the  air  when  moist.  It  doi-a  not  undergo  uny  alteration  ut  100*^  C,  but  melts  and 
sablimss  when  str^nply  lipnted. 

Chloroplotinatfof  Cumf  nylamine.  2(C*H'*N.HCl).PtCl*.— When  a  warm  aqueous  solu- 
tion of  hydjDchlonite  of  cumenylamine  ia  mixed  with  excess  of  tetrachloride  of  platinum. 
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the  liqaid,  on  cooling,  deposit*  long  yellow  needles,  which  may  be  obtained  paw  \j 
washing  with  cold  water.  The  salt  is  decomposed  by  boiling  water.  Wlien  htalid 
fer  «  to  100°  C,  it  bpcoraea  darker,  without  farther  alteration,  and  st  a  stmqgv 
heat,  gives  off  hydrochlorate  of  cumenylamiae,  and  leavea  platinunL  Alcohol  disiohca 
it  in  large  quantity  ;  anri  the  solution  yields,  after  a  while,  dark  red.  oil-drops,  which 
Bolidiiy,  after  the  alcohol  hsa  eyapomted,  in  a  crj-staUine  maaa  of  a  splendid  orange- 
yellow  colour. 

With  Frotochloridf  of  PafladiutTL,  hydrochlorate  of  cumenylamine  forms  a  donbla 
■alt,  resembUng  the  chloroplatinate  in  uppearance. 

Sulphate  of  Copper  forms,  with  alcoholic  cumenylamiDe,  a  precipitate  of  a  fine  grea 
colour. 

Protochloride  and  Ci/anide  of  Merenrp  form,  with  alcoboUe  cmnenjlamioev  *l>i*» 
crystalline  precipitates  which  are  decomposed  hy  lx>iling  water. 

With  JVickforide  of  Gt^d,  alcoholic  cumenylamine  forms  a  riolet  precipitate,  which 
diasolres  with  riolet  colour  in  a  larger  qnantity  of  aleohoL 

Ht/drofiuate  of  Cumenylamine  crystallises. 

Hydriodate  of  Cumenylamine  crjiAaliiaea  readily:  it  appears  to  be  the  most 
soluble  of  the  cumenylamine  salts. 

Nitrate  of  Cumenylamine^  (?H'*N.HNO".— When  cumenylamine  ia  dissolred 
in  dilute  nitric  aciii,  the  bqnid  becomes  filled,  on  cooling,  with  long  needles,  which  s» 
colotu-lesa  if  the  acid  used  was  not  too  strong.  The  salt  remains  unaltered  at  100^  CL 
It  is  soluble  in  water  and  in  alcohol. 

With  oxalic  acid,  cumenylamine  forms  a  neutral  and  an  scid  salt,  which  are  both 
ciyiitalliBable,  bat  cannot  be  separated  By  dry  distillation,  thej  yield  a  sUghlly 
GxystalliQe  mass,  which  dissolves  sparingly  in  aJoohol,  and  exhibits  the  z«laiions  of 
oxycnmenylamine.     (Nicholson.) 

Pkotfhate  of  Cumenyiamine  crjstsaijKa  readily. 

Sulpkatr  of  Cumenylamine,  2C*H'*N.H*S0«.— When  cumenylamine  iadioMlTed 
in  boUmg  dilate  sulphuric  acid,  the  solution,  solidifies,  on  cooling,  in  a  crystalline  mssi^ 
which  may  be  obtained  peifijctly  pure  by  recrystalliRing  with  animal  charcoal.  Ib- 
odorous;  has  an  unpleasantly  bitter  taste.  At  lOO^C.  it  gives  off  the  odour  of 
cumecylamine;  aod  assmnes  a  reddish  colour,  without  further  alteratioiL  IXiasolTts 
sparingly  in  cold  water,  much  more  readily  in  alcohol. 

CranoonmenrUunine.  C*H"Ii.CN,  or  2C*H"N.Cy.— An  alcoholic  solatiaD  rf 
cumenylamine  saturated  with  cyanogen  quicklir  deposits  long  needle*  of  cyanocime- 
nylamme,  which  are  easily  ptuified  by  erystailisatioa  from  alcohol.  This  snbstuice 
fonns,  with  hydrochloric  acid,  a  salt  nearly  ioBoluble  in  water.  (Hofmann,  Ann. 
Ch.  Pharm.  bcvi.  It5.) 

TTitrociunenrlaBilne.  C"n"(NO')N.  (C  ah  ours,  Compt,  rend.  xxiv.  567;  mi 
316.) — Prepared  by  trenting  an  alcoholie  solution  of  dtnitrocumene  with  sulphide  of 
ammoninm.  It  forms  yellow  crystalline  scales,  which  melt  below  100°  C.  and  soliJUy 
in  a  radiating  mass  on  cooling.  The  compound  exerts  a  slight  bat  distinct  alkaline 
reaction  on  test-paper.  It  is  loaoluble  in  water,  but  dissolves  readilj  in  alcohol  Md 
ether. 

It  is  partially  decomposed  by  distHlution  ;  nevertheless  the  greater  part  peases  onr 
unaltered. — Bromine  acta  Tiolently  apon  it,  converting  it  into  a  ctTataUine  prodndi, 
which  is  no  longer  baste — It  ia  not  altered  by  chloride  of  bmzoyl  at  ordinary  tempe- 
ratures; but  between  60*  and  60^  C.  it  is  converted,  with  violent  action,  into  a  crj»- 
tttlline  product,  which,  when  dissolved  ia  alcohol,  aft«r  being  washed  with  add. 
alkaline,  and  pure  water,  crystallises  in  snow-white  needles,  containing  C**H"irH}*= 
N.(C'E»O.NO'.C*H"),  nitride  of  benzoyl,  cumenyl  and  nitryl,  corresponding  therefine  to 
benzamide  and  benzanilide. — With  chloride  of  ettmyl  and  chloride  of  cinnmmgl,  it 
forms  products  similar  to  that  with  chloride  of  benzoyl 

Nitrocumen^lamine  neutralises  acids  completely,  even  the  strongest,  forming  nils 
which  crystalhse  well  These  salts,  if  exposed  to  air  in  the  moist  state  or  in  auotiaa, 
decompose  qnickly,  assuming  a  greenish-blue  colour. 

The  aulphaU,  2CH'»(N0»)N.H»S0*  +  aq.,  ia  obt«inpd  by  diasoMng  mtiDcnw^ 
nylamine  in  hot  dilute  snlphuric  acid,  and  leaving  the  solution  to  cool  slowly.  Loq; 
needles  baring  a  strong  lustre.     May  be  pulvpriswL 

Hj/drrtchloratf.' — The  anturated  solution  yieliis,  by  slow  cooling,  white  silky  needlaa, 
whicii,  in  the  dry  state,  are  composed  of  C?*H'*(N0')N.HC1  ■»-  aq. 

The  oxalate  forms  slender  needles. 

cmSBWTM^mvxrmUKQVa  ACZS.  Camene-mtlphurie.  Suiphocwnenie,  5K^ 
phocumotkt  Qt  Sjtlphocumaiylic  acid.    C»H'-SO*  =-  c»il>'ii   *^"     (Gerhardt   and 
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Cnfaonra,  Abb.  Ch.  Phy*.  [3]  L  90.)— Thia  a^rtd  is  produced  by  the  action  of  Aiming 
Mljihttric  aeid  on  axm^oe.  It  is  not  koovu  in  the  &«e  state,  but  Uie  barinm-salt  may  be 
prepared  u  foUom:— 2  pts.  of  ftimiog  oil  of  Tttriol  are  potired  upon  1  pL  of  cnmene  in  a 

f:lam  cyliadjrr,  and  the  liquid  is  •tirrcdtill  the  whole  of  the  cumeoe  in  disailved.  When 
*rge  QOKOtitie*  nre  used,  the  whole  may  be  left  to  stand  in  a  closed  vcBsel,  the  cumene 
Then  oisKlring  g;ndn&lly.  The  dark-brown  solntion  is  dilntcd  \rith  4  volumes  of 
water,  whereupon,  if  the  cumene  and  the  acid  hare  been  long  enfiufth  in  eontuct,  a 
colonrlen  solution  is  formed,  withont  separatioQ  of  cnmeuo ;  and  the  liquid,  aatoruted 
with  palTeriscd  carbonat«  of  barium,  then  filtered  and  evaporated,  yi<?lde,  on  cooling, 
rumenylsnlphite  of  burinm.  The  colourless  mother-liquor  yields,  to  the  but  drop,  tbo 
same  ult,  which  may  b«  obtained  pure  by  pressure  between  paper. 

Cumenj^UttUpkite  of  Barium^  C»H^*SO*,  forms  very  beautiful  scales,  having  a 
tttraae  pearly  fostre.  It  dissolves  ve*  caKily  in  water,  especially  when  hoL  It  is 
■olnbb  u  alcohol,  even  in  anbydrotu  afcohol,  and  likewise  in  ether. 

The  aqaeoQs  solntion  doea  not  precipitate  chloride  of  cadmium,  neutral  acetate  of 
lead,  or  the  salts  of  bismuth,  nickel,  copper,  or  mercujy. 

CiTMXCTXii  A  name  sometimes  applied  to  the  radicle  of  cymylie  alcohol, 
C'^n'Ml.O. 

Ctrxcnr,  OZ&  or.  A  volatile  oil  obtained  from  the  seeds  of  Omminum  Cjfminum 
by  extraction  with  absolute  alcohol  and  precipitation  by  water.  It  is  a  miiture  of 
nuninol  (p.  1S2)  and  cymene. 

CDBCZVASClC  ACm,     Se<«  Oxtcumtxauic  Acm  (p.  179). 

cinnnrjusi3>B  or  cinHTX.A»i9B.  C*«H'*NO-N.H^C**fl"0.  (Field, 
Ann.  Ch.  Pharm,  Ixv.  4$,)  — This  compoond  is  obtjkined  by  the  action  of  beat  on 
caminat«  of  ammoniom : 

C«IP'CNH«)0»  -  H*0  -  C'»ir»KO, 

or  by  tbo  action  of  aminonia  on  cuminate  of  ethyl,  chloride  of  cmnyl,  or  cuminie  an- 
hydride. Like  benjMmide,  it  dystalliaes  in  two  different  furms,  according  to  the 
nianner  in  which  it  is  deposited,  'iiy  rapid  crystallisation  from  a  strong  solution,  it  is 
obtained  in  bi^ly  lustrous  tables,  whereas  a  dilote  solution  deposits  it  in  long  opaque 
needles.  It  disaolTei  spaxingly  in  cold  water,  eaailv  in  alcohol  and  in  ether.  It  offers 
considerable  re«istancw  to  the  action  of  strong  alkalis,  and  requires  long  boiling  with  an 
acid  or  an  alkali  to  convert  it  into  ammonia  and  cumintc  acid. 

Cumophenamidf  ot  CutnaniUde,  C"H'»NO  -  N.C"H»O.C*H».H,  is  pwwluced 
by  the  action  of  chloride  of  cumyl  on  pheoylamiB^.  The  mixture  becomes  very  hot, 
and  camophenamide  is  formed,  which,  when  porifled  by  washing  with  wafer  tud  crystal- 
lisation from  alcohol,  in  which  it  dissolves  but  sparingly*  fofms  long  satiny  needles,  re- 
sembling benzoic  acid.    (Cab ours.  Ann.  Ch.  Phya,  [3]  xxiiL  349.) 

Cuno-sulphophrnaiHidf,  C'*H"NSO»-  N.C"H'>O.Cni»SO».H.  (Gerhardt  and 
ChioKza,  Ann.  Ch.  Phys.  [3]  ilvi  161.) — Sulphophenamide  treated  with  chloride  of 
cnrayl  in  the  oil-bath  at  a  moderate  heat  is  rapidly  attacked,  and  on  cooling  solidifies 
to  an  amorphotis  glassy  nias^  which  may  be  crystallived  from  alcohol.     If  the  tem- 

Jperatnre  were  allowed  to  liso  too  high,  cumoni^e  and  sulphophenic  acid  would  bo 
produced. 
The  eomponnd  forms  rectangular  prisms  with  shining,  well-developed  terminal  £ices. 
It  is  iasoluble  in  boiling  water,  but  dissolves  easily  in  cold  and  stiU  more  in  hot 
alooboL  easily  also  in  aqueous  ammonia.     It  tnelta  at  1SL°  C.     When  quickly  heated 

»io  ft  test-tube,  it  gives  oif  cnzuonitrile. 
Cumo'tHlpkophmargtntamide,  N.C»H"O.C«H»SO».A^  is  obtained  by  adding 
nitrate  of  hilver  to  a  solntion  of  curoo-snlphoDhenamide  in  boiling  water  oontnining  a 
few  drops  of  ammonia.  It  forms  very  light  alender  needles  nearly  insoluble  in  Iroiliug 
water,  easily  soluble  in  ammonia.  Decompoees  qniotly  when  heated,  giving  off  ciuuo- 
nitrile.  (Gerhardt  and  Chiossa,  loc.  eit.) 

Cumo'tulphophen-argento-diamidtt,  N'.H».Ag,C«H»SO*.C»«H"0.  is  obtained 
by  dissolving  the  preceding  compound  in  ammonia,  and  leaving  the  solution  to  eva- 
porate. Cr^tallises  in  nacreous  needles,  grouped  like  a  fan.  Soluble  in  alcohol,  very 
»  slightly  soluble  in  water.  When  boiled  for  some  time  with  water,  it  gives  off*  a  litlliii 
ammonia. 

Formed  by  the  action  of  chloride  of  cumyl  on  benMsulphophenargt^ntamide  (i.  340),  and 
_       obtained  in  eonftised  prisma  by  dii<«»olving  the  prodwrt  in  boilinji  ether  and  cvap«^ratin^. 

■  It  is  nearly  insoluble  in  water,  more  soluble  in  cloohol,  sparingly  iu  otlier.     Am- 

■  mouia  dissolve  it  with  difficult,  tlie  solution  being  precipitated  by  acidii  and  by  ths 
I     salti^  of  lead  and  silvex.    (Oerbardt  and  Chiosiia,  he.  cU.) 
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Cumo-talievlamide,    CH'^'O*  =  N.C^»H"O.CrH'0«  H  ?  — Obtained   by 
Betion  of  chloride  of  cumyl  on  Mlicylamide.    CiyvtaUucs  in  rery  light  ■hining 
meltiagkt  200*^  C^  becoming  pasty  at  a  etronger  beat,  and  remaining  so  on  C(X>I 

CITMXIiriC  ACXn.  C"H'*0«  =  C'»H"O.H.O,  or  C»^'0«.  {Gerhard!  and 
houM  [1340],  Ann.  Cti.  Phjs.  [31  i.  70.  Gni.  lir.  H8.>-;-ThiB  acid  i»  producfd  I7 
Oxidatioa  of  the  oxjgcTiat«d  oil  (hydride  of  cam;!)  contained  io  esflence  of  cuuuo. 

Preparation.  —  Hydride  of  cumyi  is  added  drop  by  drop  to  potaah  in  the  «ts 
fusion,  whereupon  hydrogen  is  evolved  and  raminBte  of  potaBsinm  is  formed  ;  aad 
sidt,  dissolved  in  water  and  decompoaed  by  nitric  acid,  deposits  cominic  acid,  whidi 
may  be  purified  by  crystallisation  from  alcohoL 

The  formation  of  cuminate  of  potaasiiun  in  tHs  process  is  representtfd  by  dia 
Aquation: 

C'»H'»0  +  KHO  =  C»H"KO  +  H* 

Hydride  of  CumLnaK' of 

Cumyl.  FoldMium. 

PropertifS.  —  Colourlesa  prismatic  tables,  harbg  a  pur©  add  taet*  and  an  odoor 
somewhat  like  that  of  bugs.  It  melta  at  92°  C,  and  Tolatiliiiea  at  about  250^.  It  k 
nearly  insoluble  in  eotd  water,  but  ioluble  in  alcohol  and  ether.  When  pure,  it  diBSolm 
without  colour  in  strong  sulphuric  acid. 

Dtcomposiiions.  —  1.  Fuming  nitric  acid  convert*  cuminic  acid  into  mtroenmiaie 
acid;  with  n  mixture  of  nitric  and  sviphuric  acids,    it  yields  dinitrocuminic  add. 

2.  By  dry  distiJihition  with  baryta  or  lime,  it  is  resolved  into  cumone:,  C*H'*,  and  car- 
bo&io  add '. 

Ci.H'»0'  +  Ba'X}  -  C*H'*  +  Ba"CO«. 

3.  With  pmtacJdoride  of  phospk<friu,  »t  a  temperature  not  exceeding  60*^  or  60*  CL, 
it  yields  oxychloride  of  phosphonui,  chloride  of  cumyl,  and  hydrochloric  acid  : 

C"H"0.H.O  +  PCl'.CP  =  PCTO  +  C'»H"0.C1  +  Ha. 

4.  OxtfcTUoride  of  phosphorui  conTert«  cuminat*  of  sodium  into  cumini  canhydrid* 
(Gerhardt),— 5.  Cuminic  acid  boiled  with  acid  chromate  of  potaa^ivm  and  suipkitrie 
acid  is  converted  into  insolinic  acid,  C'H'O*  (Hofmann,  Ann.  Ch.  Fharm.  tlviL 
1&7). —  6.  Cuminate  of  potaaaium  heated  with  bromide  of  cyanogen  j\tf\AB  camonitrile 
and  bromide  of  potassium. — 7.  The  sodium-&aIt  heated  with  chloride  o/cumjft,  Odiijfl, 
or  bmsoyl,  yields  cumiaic,  acetocuminic,  or  benzocuminic  anhydride  (Oerhardt). — 
8.  Cuminic  acid  daea  not  undergo  any  transformation  in  paaaing  through  the  anijjal 
Organism,  but  is  found  in  the  urine  unaltered 

Cum  I  NAT  as.—  Cuminic  acid  is  monobasic,  the  formula  of  its  salts  being  C'^H'IIO*. 

Cuminate  of  ammonium  forma  delicat*  tufta  which  loae  their  lustre  when  exposed  to 
tlie  air.  When  heated,  it  gives  up  the  elements  of  wiiterand  yields  cuminanude  sad 
ciimonitrile.     The  potassium-salt  i»deliqu*'scent,  and  cannot  be  obtained  in  regnlorfono. 

CWitnaftf  of  6«num,Bft''(C"'n"0'1,  is  obtained  in  daizling  white  nacreous  scales  bj 
decomposing  carbonate  of  barium  with  a  solution  of  cuminic  acid.  With  a  hot  eoo- 
eentrated  solution,  the  salt  is  precipifat^nl  immediately  on  passing  through  the  filtAr; 
'  and  each  crystal,  at  the  moment  of  ifs  formation,  reflects  the  light  with  great  riTidnesiv 
cxhihiting  aD  the  tints  of  the  spectrum. — Cuminatt  of  cal<-ium  forms  small  needta 
moderately  Bolnhle  in  water. — Cumtnaieof  ctMiper  is  light  blue  and  insoluble  in  water. 
— Cuminate  of  had.    White  precipitate,  insoloble  in  water. 

Cuminate  of  silver,  C"'H"AgO*,  is  obtained  by  adding  nitrate  of  silrer  tocominate  of 
ammonium.  It  is  white,  curdy,  and  blackens  rapidly  when  exposed  to  the  light 
When  calcined,  it  lesTea  a  residue  of  carburet  of  silver,  OAg*,  of  a  dull  yellow  Colott 
By  dry  distillation,  it  yidds  carbonic  anhydride,  cuminic  add,  and  caraene. 

Deritsitive*  of  Cuminic  Acid. 

iritroimmlBlo  Aeld.  Ci'H"(l?0')0'.  (Gerbardt  and  Cahonra,  Ann.  Ct 
Phya.  [3]  L  73 ;  Cahours,  ibid.  ixv.  36.) — Produced  by  tho  action  of  ftuning  oime 
acid  on  cuminic  add.  On  boiling  the  mixture,  and  then  sdding  wat«r,  th«  nitrorv* 
minic  add  separates  as  a  heavy  yellow  oil,  which  soon  solidifies.  It  is  triturated, 
washed  with  distilled  water,  and  crvstalliBed  from  alcohoU 

Nitrocuminic  add  forms  yellowish -white  scalea,  insoluble  in  water,  easily  sola>»le  ia 
aloohol  and  ether.  It  dissolves  in  amraonin,  potash,  and  soda,  forming  crystallissUe 
ulta  The  calcium-mlt,  C*fl»»Ca''{NO»)-0«,  crystallises  in  stellato  groups  of  yello* 
needles,  whidi  become  darker  when  exposed  to  light.  The  mlver-*alt,  C'*H'»(NO')AgO*, 
ia  a  white  precipitate  insoluble  in  water. 

Siiiitrooiuiiliilo  Acid,  C'»H'*(NO^)'0».  (Cahours,  Ann.  Ch-Phva.  [3]  xxt.37.) 
— When  cuminic  add  is  added  by  small  portions  to  a  gently  heated  mixturv  of  ftraun 
iutric  and  sulphuric  add,  it  disappean  without  evolution  of  gas.   On  boiling  the  liquid. 
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Nd  T«.p<Mn*  WP  eTolred,  and  nifrcicnnilnie  add  is  di'poflitM  in  thining  ydlow  lealcti, 
vkidl  tBMj  be  rocn'f<t&UiN4><l  from  (joiling  alcohol  It  dLwolrcs  alio  r««di]j  in  eth«r. 
It  u  Dot  acted  upon  bj  fanung  nitric  ncid,  evfn  afU'rlnuf;  LoiUng.  It  does  not  diMolre 
in  cMJfic  ammonia,  pot^uli,  or  soda,  or  appear  to  combine  with  them  by  long  boiling. 
Hffdrvgm  in  tbc  naacent  atate  (from  acetic  acid  and  iron)  conrerta  it  iotj  dioxj> 
riuiiiniimic  acid  (p.  180). 

Ac'oorilijig  to  Cahoura,  dinitroCTiminie  acid  doea  not  combine  with  baoM,  and  is 
incolublti  in  aqoaoua  potaah,  aoda,  ot  anunonia.  even  at  the  boiling  heat ;  according  to 
Kraut,  OB  tbe  other  tuuid  (Cbem.  Crotr.  18fi0,  p.  85),  it  unites  with  bR»Ps,  forming 
jreUowiah-red  aalta  which  become  darker  on  exposure  to  light.  The  harium-mU, 
U"H"Bft"(NO»)<0',  ia  obtained  by  dieaolving  tJie  a*id  in  barytn  wiitpr,  procipiUiting  tlm 
azoeaa  of  IjarytJi  with  CArbonic  acid,  then  boiling,  filtering,  and  ernponiting:  it  iepLTBteii 
in  ftlma  which  become  cr^-atalline  on  atanding.  The  ealcitun-^talt^  C^H"Ca''(NO')*0*, 
prepared  in  like  manner,  forms  yeUow^red  oeedlcA,  which  din^olre  easily  and  with 
deep  wine-red  colour  io  boiling  water.  The  sihTr-xaU,  C'*H'Ag(NO')'0'  +  aq.,  obtained 
h^  pn<cipi totting  the  calcium-salt  with  nitrate  of  silrer,  and  reciystalliaing  the  preri- 
"ffilate  finom  boding  W8t*r,  formi  light  yoUow  necdJea,  which  are  scarcely  altered  by 
liyht,  bat  when  heated  to  1(»00  C.  give  ofTo  per  cent.  (=  I  at,)  water.  (Kraut) 

Oxjrenmliilo  Aol<L  C'«H«K)V  (Cahonra,  Ann.  CK  Phya.  [3]  IziL  338.)— Th(« 
acid,  rcfgmrded  by  Kolbc  as  C'»H"(HO)0*,  th.it  ia,  ob  derived  from  cuminic  add  by 
the  aubctitation  of  HO  for  1  at  hvdfoiit^n,  ia  produced  by  the  action  of  nitric  oxide  or 
nitrooa  add  oo  oxyeuminamic  add  dtasolred  in  a  moderate  exceaa  of  m'tric  add : 

C'-m-NOV  HNO»  -  C-H'^O'  +  N'  +  HK). 


ii: 


Osreufnlaamic 


OsfcttmlDic 


Tt  afpuatec  in  small  browniab  priama,  aparingly  soloUe  in  cold  watff,  more  soluble 
in  Itoihni;  water,  »till  more  in  alcohol.  It  uatte*  with  baMi,  and  aome  of  ita  aalta 
crvittalliite  welL    The  siJver-aalt  haa  tha  eompoaition  CH^'AgO*. 


Oxxcumlnamle  aold«  C'»H"NO»  =  N.m(C'»n'^)''.H.O,  or  Amidoeumink  acid^ 
C'"H"(Nn*lU-,  niso  Culled  Cuntinamic  acid. — This  add,  the  homologuc  of  oxyb^oMmio 
add,  waj  diacovered  by  Ciilioura  (Ann.  Ch.  Phys.  [3]  liii.  822.)  It  is  produced  by 
the  reduction  of  nitrocurainic  add,  either  with  Fulphydric  add,  or  with  ferrous  acetato. 

Preparatii>n.~\.  Nitrocuminatc  of  ammonia  ia  r<Hlmvtl  by  eice«  of  sulphydric  acid ; 
the  liquid  is  evapoiBted  at  a  gentle  heat  till  all  the  ammonia  ia  ezpeiled  and  tbo 
excess  of  sulphur  is  separated ;  the  concentrated  aolution  ia  precipitated  by  a  alight 
excess  of  ai:>etic  add ;  and  the  resulting  predpitate  ia  collected,  washed,  dried,  and 
recryitallised  from  alcohol  (Cahouw),  —  2.  It  is  also  obtained  by  treating  lutro- 
cuminic  acid  with  iron  filings  and  acetic  acid  (a  brisk  action  then  taking  place,  at- 
tended with  rise  of  tempenttnre,  after  which  the  mixture  must  be  heated  for  a  while 
in  the  wutcr-bath),  digesting  the  mixture  with  aquc-oue  carbonate  of  Bwiiam,  filtering', 
ueatraliaing  the  excess  of  soda  with  acetic  acid,  precipitating  with  acetute  of  load,  and 
deoomposing  the  predpitate  with  snlphydric  adii.     (Boulle t  Compt  rend,  xliii.  399.) 

The  add  forms  colourless  or  light-yellow  crj-stAl?.  sparingly  soluble  in  cold,  more 
■olabla  in  hot  toattr;  alao  in  aloohot  and  in  ether. 

Dtonr^tMitionM, —  1.  In  aolntion  in  nitric  acid,  it  is  eonrerted  by  ni^rfc  ortdr  gat 
mto  oxyctuninie  add. — 2.  By  tread ug  almhofic  oxyeuminamic  add  with  nitrou*  ocid^ 
light  yellow  needles  are  obtained,  consisting  of  a  new  dibasic  add  —  C*N*II*H)* 
(P.  GricBB,  Compt  rend.  xlix.  80): 

2C'«H"N0«  +  HNO"  -  C*H«N'0«  +  2H«0. 

This  acid, regarded  byGriess  as  djazocnmin-amidoenminic  acid,  =  C"H'*W*0*« 
C"H"fNH*)0*,  forma  yellow  crptals,  insoluble  in  water,  and  nearly  insoluble  in  aloobol 
and  ether. — 3.  Oxyeuminamic  add  distilled  with  caustic  baryta  or  fumps  of  potaak^ 
yields  an  alkaline  carbonate  together  with  mmen^lsmine. 

Comhinatioru. —  Oxyeuminamic  add  unites  with  bases,  but  ita  raefaJlic  salts  hare 
not  been  examined.  The  ethyl-compound,  C'*n'*(C«H')NO',  ia  obtmned  by  re- 
ducing nitrocuminat-e  of  ethyl  with  sulphide  of  ammoninm,  or  with  iron  filings  and 
acetic  acid.  It  is  a  heary  oil,  which  duwolrea  io  hydrochloric,  nitric  and  sulphuric 
acid,  forming  crrRtalliaable  compounds.  Ammonia  decomposea  it  abwly,  forming  a 
substance  probably  analopous  io  phenyl -urea. 

Oxyeuminamic  add  likcwi«ir>  unites  wilh  other  adds,  forming  CTyBtalliDe  salts. 

JIffdrochlorate,  C'*H'*NO'.HCI. — Oxycuminajnic  acid  dissolreii slightly  in  Iwilinc 
hydrochloric  acid,  and  the  solution  on  cwjling  deposits  thin  needl«»s.  The  com|x*tind 
may  also  be  prepared  by  adding  alrohnl  to  a  mixture  nf  oxycnminamic  ncid  and 
hydrochloric  add,  whereby  a  conttidcrablc  qutuitity  of  oxyeuminamic  add  ia  dtasolTcd, 

Mi 
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uiid  evaporating.  Delicate  ehining  prisms,  which  dissolre  in  water,  and  wt»  pMllf 
pn-oipitated  on  addition  of  hydrochloric  add. 

The  cUorojiatmate,  (CioH<*NO*.HCl)'.PtCl«,  is  obtained  hj  adding  alcoiiol  to  th« 
mixed  solutions  of  concentrated  dichloride  of  platinum  and  hydzochlarBSe  of  oxjesBii- 
namic  acid,  wanning  the  mixture  till  it  diMolres,  fch«n  filtering  and  lesfing  the 
solution  to  evaporate.    It  forms  long  reddish  needles. 

The  nitrate  forms  beautiful  prisms. 

Sulphate,  2C**H"N0<.II-S0*.— Oxycuminamic  add  is  mixed  in  slight  ezeeaa  witii 
oil  of  vitriol  diluted  with  an  equal  bulk  of  water,  and  the  mixture  is  diesolred  in  warn 
alcohol  On  cooling,  thin,  white,  silky  needles  are  deposited.  The  compouxid  has  a 
■lightly  sweet  taste,  dissolves  sparingly  in  cold,  easily  in  hot  water. 


lUozjenmliuunlc  aold,  C'*H><NK)*  =  N<.H«.(C»H>0r.H.O.  or  JHamtdammimh 

add,  C"li'*(NH*)^.0' :  also  called  Dicuminande  add. — ^Tlus  ad^  the  homologoe  of 
dioxybenzamic  acid,  is  obtained  by  reducing  dinitrocuminic  add  with  irom  filings  and 
acetic  acid,  the  mode  of  preparation  boing  similar  to  that  of  ojycnminamiff  acid.  It  is 
erystallisable,  and  unites  with  bases  (Boullet,  Compt  rend.  xliiL  399).  The  fizrt  of 
the  above  rational  formulae  represents  the  compound  as  a  diamic  add  derived  from  a 
hypothetical  dio:nrcuminic  acia,  C'*H'*0\  containing  the  triatomic  radicle  CH^O. 
CVBKZVZC  A&COBO&.  Syn.  with  Cmruc  Ajxohol  {q.  v.) 
CUXZVIC  A&BXBnBB.    S}-n.  with  Htdridb  or  Cinni.  (p.  182). 

CUBUHZC  AWBTBXZBE.  Anhydrous  Cuminie  add.  Cuminate  of  Curn^ 
C"H«0«  »  (C-H"0)«0.— [Gerhardt  (1852),  Ann.  CL  Phys.  [3]  xzxriL  804.].— 
I'roduced  by  the  action  of  chloride  of  cumyl  on  cuminate  of  sodinna.  The  two 
substances,  perfectly  dry,  are  heated  together  in  a  flask,  till  the  odour  of  chloride  of 
cumyl  completely  disappears.  A  syrupy  mass  is  then  left^  which,  when  treated  with 
hot  water,  yields  the  anhydride.  The  product  may  be  porified  by  recryfitHiiing 
it  several  times  from  pure  ether. 

Cuminie  anhydride,  recently  prepared,  is  oily,  tasteless,  nearlj  eolonzleflB,  and 
inodorous,  but  soon  experiences  a  molecular  change,  by  which  it  is  converted  into  a 
maos  of  very  brilliant  rhomboidal  crj'stals.  In  moist  air,  it  is  rapidly  ooxtTczted  into 
cuminie  acid.    With  ammonia  it  forms  cuminamide. 

CuMiKACBTic  Akhtdbidb.    See  AcBTo-ccifcac  AiiHTDKiDa.     (L  2L) 

CxTMiNO-BBKZOic  Akhtdbide.     See  BEXZo-CTXunc  AiTHTDsiDa.     (L  668.) 

CrxiNO^BUOBNic  Anhtdbidb.  Cuminate  of  Eugenyl,  C*»H=C>"  «  C"H'0. 
C'*H"0.0.— Isomeric  with  cuminie  anhydride ;  obtained  bv  heating  engenie  add  with 
chloride  of  cumyl.  Crystallises  in  colourless,  very  brilliant  plates,  which  melt  T«y  eaaity, 
but  do  not  volatilise  below  400°  C.  It  is  not  decomposed  by  boiling  potaah-leyp  bat  when 
fiL<(Hi  with  hydrate  of  potassium,  it  is  resolved  into  cuminate  and  eugenate  of  potaannm. 
Sulphuric  acid  decomposes  it  in  a  simUar  manner.  Fuming  nitric  add  decomposes  it 
readily,  producing  a  reddish-yellow  tenacious  mass,  in  which  crystals  maj  be  obaerrcd 
Hvdrochloric  add  does  not  act  upon  it,  even  at  boiling  heat.  (Cahoara,  An^^.  CL 
P&ys.  [3]  xlL  491.) 

Crxix-osxAXTUTLic  Akhtdbidk.  Cuminate  of  (EnoMthyl,  C"H**O*=C*BP'0. 
C'H'*0.0. — ^Produced  by  the  action  of  chloride  of  cumyl  on  oenanthjlate  of  potaannm. 
It  is  an  oily  liquid,  heavier  than  water,  and  smelling  like  apples.  Ita  Taponr  ezdtes 
coughing.    (Chioixa  and  Malerba.  Gerh.  Traits,  iiL  601). 

Ccxo-SALICTLOUS  Ax HTDBIDK.  Cuminate  of  Salicyl,  Cumotalie^  C*'WO*» 
C'*H"O.C'H»0*.0.  (Cahours,  Ann.  Ch.  Phys.  [3]  IiL  107.)— Obtained  by  faeatisg 
aalicylous  add  with  cloride  of  cnmyL  Crystallises  in  colourless,  ahining,  friable 
inisms.  which  melt  to  a  clear  oil  at  a  gentle  heat,  and  M>lidify  on  cooling.  InsolnUe 
IB  cold  water,  e-lightly  soluble  in  boiiiiig  water ;  soluble  in  alcohol,  eapeciaUy  when 
warm ;  insoluble  in  ether.  With  chlorine,  bromine,  and  fuming  nitric  acid,  it  yields 
oystallisable  |«odnetiL  It  is  not  attacked  by  solid  anstie  potash  or  by  aqneona  potash, 
ev«  at  the  boiling  heat 

CpilO-MBTMTL-gAr.iCTLie  AsTHTDBiDB.  Cuminate  of  Xetht/l-tolicjft  C'*n'*0*» 
<?»H"O.C^XCH«)0".0.  (Gerhardt  Traite.  iii  SIT.V-Prodncedby  heating  chloride 
of  amji  with  Hlinrlate  of  methyl  (oO  of  winterTreenl.  The  product  is  a  risdd  oil 
wUek  icauiaa  tvid  for  a  knig  time,  but  if  a  small  quantity  of  ether  is  poured  into  i^ 
it  wilMlHaB  in  a  radiated  maaa  as  the  etho-  evapontes.  It  eiystallises  from  boOlBg 
^>whal  m  VHj  fariDiaat  riiombte  acalee.  insolnUe  in  cold  water.  sparingiT  aoluble  u 
\  akahfol,  va^  aolahle  in  ether,  whidi,  as  it  evaporates,  depodts  the  compound  ia 
'"^UpriiHikoAeoof  eoaaidenUeaize.  From  a  hot  saturated  alcohoUe  aobtioa. 
—'^  aa  an  «S  wfaidh  reaiaini  liqoid  for  a  considrsable  ttmai 
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mrmmMB.  Cufninate  0/  Eihi/l.  C'*H'H)»  -  C»H>'0»,CH».  ~ 
ObtaixMd  b^  paasiiig  hjrdrocbloiic  tcid  gas  ioto  a  solution  of  eaminic  acid  in  absolute 
alaohol,  till  it  is  no  k>nger  absorbed,  then  heating  the  liquid  over  tho  init«r<bath  to  expel 
th«  «xfiaH  of  aloohol,  diitiHing  the  reeidnc  over  the  ukked  fire,  wushing  the  distillate 
with  carboDJte  of  ■odiam,  and  recti^ing  over  maancot.  It  iv  a  colourless  liquid,  lighter 
than  vater,  and  having  an  agrseabM  odonr  of  f^p^t^  It  boils  at  240''  C,  giving:  otiT a 
Tapour  which  eMily  tuiei  An  kbA  bums  with  a  bluiah  flame.  Index  of  rcfhtction  of 
the  liqaid  1*504.  Vapoor-denaty,  665.  When  heated  with  solution  of  potash,  it 
yields  alcohol  and  cnTninat«  of  potasdunL 

Cuminate  of  PkrnyL  C'«H»H3»  -  C"H"O.C*H*.0.  (WilHamson  and 
Bcmgham.  Proe,  Roy.  Soc.  vii.  18. — Kraut,  Dvurrtation  uher  Cummd  umd  O^mm, 
18M.) — Prodoced:  1.  By  the  action  of  chloride  nf  pumyl  on  pbonate  of  potaanwn 
(W.  and.  Scr). —  2.  By  the  dry  distillation  of  e  '     .lie  acid,  or  of  a  mixture  of 

cqoiTalent  quantitiei  of  chloride  of  ctunyl  and  »-.  Klium  (Kraut).     CrJ■^^a^ 

lises  in  long  whit«  needll:^«l,  melting  between  b.  ....u  ^o  C.  and  distiUing  without 
decomposition.  It  has  an  agreeable  odour,  reMmbling  that  of  benzoate  of  phenyl, 
especially  when  heated.     Inaolnble  in  water,  easily  aoluMe  in  alcohol  and  ether. 

A  mixture  of  this  ether  with  nitratt  0/  fodium,  heated  with  strong  sulphuric  acid, 
yields  dinitrocnininic  (and  probably  also  nititxruminic)  acid.  By  sulphuric  acid  alone, 
It  is  Nsohred  into  enmioio  and  sxdpbophenylic  adds.  It  is  decompoec^l  by  alcokUie 
(not  bj  •qneoos)  poiatk,  yialdijig  emninate  and  phenate  of  potasaitun.    (Kraut.) 

CUMXJIO&.    8yn.  of  Htdridb  or  CtJinx  (p.  183). 

AC^*   Glytocol'CumHicacid,  Cttmjfl-ori/ac€tamieacidjC*'}l'''iiO* 


-  N.ILC'*H|»0.(C»H»0)''JLO.— This  acid,  homologous  with  hippurio  (benxoyl-oj^- 
aoetAmie)  acid,  is  produced  br  the  action  of  tho  nJrer^eompotind  of  glyoocol  (oxy- 
aff»tiinat«  of  silver)  on  chloride  of  eunyl: 


K.IP.CH'OJlg.O  +  C"H»'0.a  -  Ag(n  +  N.H.C"H"O.C?H«0,H.O. 

The  cominarie  add  is  extracted  f^m  the  product  by  warm  alcohol,  and  remains  on 
erapontion  as  a  brown  muaa,  which  may  be  purified  by  pressure  und  FeciyBtallisation. 
lu  ailrer-eal^^  C**H'*AgNO*.  The  acid  heAted  with  aqueous  hydrochlcnc  acid  is 
nwlred  into^iycocol  and  cominic  acid.    (Cahonrs,  Ann.  Ch.  Phys.  [3]  lilL  356.) 

evWfBWW^  C>*H".  A  monatomic  radicle,  of  which  ouainol,  Ci*H'*0,  may  be 
zeguded  as  the  hydrate  -  C'*H>'.H.O. 

OTHICBSZirOTOWZTB.     So«  HoBKBi.Kn>B. 

CTrmo-Oi.TCOXu    Syn.  with  HTOftA.TS  or  CmcTLun  (hyp.)  —  C'*H".H'.0*. 
(See  page  184.) 
CUfiKQJt,    8ja.  of  Ccicsini  (p.  173). 

CtnaowrrmBm.   C'»NH",  or  Cyanide  of  Cumenyl,  CTa^».CN.    (Fr.  Field. 

Ann  Ch.  Phorm.  Ixv.  51  ;  Mem.  Chcm.  Soc  iii.  408.) 

Formation. —  I.  By  the  dry  distillation  of  cuminate  of  ammonium,  cominatnide  beiiig 
formed  at  the  same  timo.  ~  2.  By  the  action  of  bromide  of  cyanogen  on  eominato  of 
potassium,  carbonic  anhydride  being  likewiae  erolTed  (C  ah  ours,  Ann.  Ch.  Pfays. 
[8]liL20l): 

C"H"KO'  +  CNBr  -  CO*  +  KBr  +  C"NHi'. 

— 3,  By  the  action  of  beat  on  comoaulphophenamide  and  on  cnmosnlphophenargenta- 
mide.     (Oerhardt  and  Chioasa,  Ann.  Ch-  Phys,  [3]  xh-i  167.) 

iV<para<u^n.— Cuminate  of  ammonium  is  heated  in  a  retort  to  complete  fbsion,  and 
then  maintained  in  violent  ebullition,  whereupon  largo  drops  of  cumonitrUe  pass  over 
together  with  water.  Ab  soon  as  the  oil  has  completely  pansed  over,  it  is  separated 
with  a  pipette  from  the  distillate,  and  the  watery  liquid  \s  poured  baelt  into  the  cooled 
retort,  and  redistillttl  five  or  six  times.  The  whole  of  the  oil  thus  obtained  is  freed 
by  washing  with  ammonia  from  traces  of  dissolved  cuminic  acid ;  it  is  then  washed 
mocessively  with  hydrochloric  acid  and  water,  dried  by  leaving  it  for  some  days  ov«t 
chloride  of  calcium,  and  rectified.  The  portion  which  goes  over  last  may  contain 
water. 

Prvpertift. — Trannwrent,  eoloorle«8  oil,  of  specific  gravity  0765  at  14**  C.  RefraetB 
light  strongly.  Boils  constantly  from  platinum  wire  at  239^  C,  under  pressurtr  of 
07585  met.  Iltts  a  very  strong  but  agreeable  odour,  and  a  burning  taete.  It  dis- 
solves but  slightly  in  Witdr,  and  renders  it  milky.  Alcchol  and  tthrr  dissolve  it  in  all 
proportions. 
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Dtcomjiontion$.  —  1.  The  Tapotir  of  cmnonitrile  is  iitflammNlile,  aud  buma  vitli  • 
brilliADt  fltime. — 2.  Cumonitrile  is  but  elightly  aJt^rod  by  siroag  n/^r»c-  acid  in  1^ 
eold,  but  on  boiling,  cuminic  or  nitrocuminic  acid  i«  produced.  —  3.  He«ted  with 
fotatfium,  it  becoiuea  darker  and  forma  a  krgtr  quantity  of  cyanide  of  potatiam.— 
4.  Alcoholio  potatk  does  not  alter  it  immediately,  but  convert*  it,  after  »  few  daji^ 
into  a  crystulliiie  pulp,  cooaisting  of  the  oil  turned  yellow  and  ftiminamid^. 

CX]niloPHSS.aJ«XSB.    See  CiTHiNJLxma  (p.  177). 
CtTMOSAZilCTXi,     Syn.  with  CtraiosAXJDTXOiJS  Akhtdridb  (p.  180). 
Cin«XOBE77ZOS0X.PHOPBlUrAllKZBB.  \ 
C7T]r»IOSAI.lCYXiAMXS!l.  [      See  CcunfAJODB  (p.  177). 

CVMOXTl..     Syn.  with  Cosn-L. 

OvnEOTXi.    Weltzien's  name  for  the  radicle  C*»H",  of  which  caminol  (wei  in/.) 

may  b<?  regarded  as  the  hjrdrate, 

Ctrxim.  Cumoxyl.  C'^H^'O. — An  acid  organic  radicle  homologona  with  beiuDyl, 
and  forming  a  aeries  of  compounda  corresponding  to  the  benzoyl-ooropoonds,  viz. 
hf/tiride  of  cumj/l  or  cuminot,  C^''H"O.H;  ki/dratc  of  cumjft,  or  cuminic  acid,  C"H"0, 
'  H.O  ;  nitride  of  cumyl  and  hifdrogen,  or  cuminamide,  N.H^C'*n"0,  &c. 

Cumyl  in  the  frte  state,  or  Cumylid*  of  Cwmy/,  C*fl"0-,  is  obtained  by  tba 
action  of  chloride  of  eumyl  on  au  equiralent  quantity  of  cumylidc  of  potasaixun : 

C"H"0.C1  +  C"H"OJL  -  KCl  +  (C"H"0)', 

Thn  mixture  is  gently  heated  to  factlitnte  the  flepamtion  of  the  chloride  of  potaasiani. 
and  the  resulting  maaa  ia  treuted  with  a  weak  aoiutioo  of  potaah  to  decompose  the 
last  traces  of  chloride  of  curayL  It  is  then  dilated  with  ether  to  disaolve  oat  the 
cumyl,  and  tlie  ethereal  solution  is  left  to  eva^wrato, 

Cumyl  ia  an  oily  hquid,  hparier  than  water ;  itB  odour  is  ecareely  perceptible  at 
ordinary  temperatures,  but  beoom»?9  very  strong  under  the  influejioe  of  heat,  and 
resembles  that  of  the  geranium.  It  boils  at  300'^  C,  decomposing  at  the  mime  time, 
and  yielding  cuminic  acid,  BeTcnd  aabstanoea  leaa  highly  ocudi!te<l  than  that  aoid,  and 
earbonaceouB  matter.  It  is  combustiblei,  and  buma  with  a  smoky  flame.  Heated wttb 
potash,  it  is  converted  into  cumbic  acid  and  hydride  of  cumjl: 

2Ci»H"0  +  KHO  =  C"H"O.K.O  +  C'«H"O.H. 

Cumyl  diaaolrefl  sparingly  in  cold  tdcohol,  but  boiling  alcohol  dissolves  it  in  mn- 
sidemble  quantity.     (Chiuzzn,  Ann,  Ck  Phya.  [3]  xudx.  246.) 

Ctnmnb,  B71>»rDK  or.  CumiHie  Akkh^  Cnminol.  0'«Hi*O-C'*H*>O.H. 
(Gerhurdt  and  Cahours,  Ann.  Oh.  Phya.  [3]  i.  80. — Bertagnini  Anxi.  Ch. 
I'harm.  bpcrvi  276. — Krant,  Dissertation  Ober  Cuminol  und  Cymm,  1854;  Aaa. 
Ch,  PhamL  xeviii,  366. — Gm.  xiv.  148.)— This  compound  exist*  in  the  cHScntial  oil  i»f 
cumin,  which  is  in  fact  a  mucture  of  caminol  with  a  hydrocarbon  named  Cjpmrrr 
(C'fl'*),  On  distilling  this  essence,  the  cymene  passea  over  first  at  about  200°  C.,  and 
afterwards  the  hydride  of  cumyl.  To  obtiiin  this  latter  in  the  pure  state,  it  should  Iv 
distilled  as  rapidly  aa  possible  in  an  atmosphere  of  carbonic  anhydride.  Another  modeof 
uentinition  ia  to  a^tato  the  cumin-oil  with  a  modenitcly  ooncentrdt'od  solution  of  add 
BiiJpbite  of  potassiam  or  aodium,  whidi  UikvB  up  the  hydride  of  cumyl.  but  not  the 
cymfflo,  forming  a  crystalline  compound  firom  which  thehydrido  of  cumyi  may  be  separ- 
n'ti*d  by  potasL  Hydride  of  cumyl  also  occutb,  together  with  crmene,  in  the  volatile  oil 
obt.unea  Jrom  the  seeds  of  the  water-hemlodc  {CiciUa  vircsa),  and  may  be^^separated 
by  acid  sulphite  of  potiiasium  a»  al)ove,     (Trapp,  Ann.  Ch.  Pharm.  c^-iiL  3S6./ 

Properties. — Hydride  of  cuuiyl  in  a  colourlefia  or  BUghtly  yellow  liquid,  hariog  a 
strong  and  poraiatent  odour  of  cumin,  and  an  acrid  burning  taste.  Boiling  point  220**  C 
(Oerhardt  i«jd  Cahours);  from  platinum  at '229"4°,  or,  correcting  for  the  mercurial 
column  in  the  thermometer,  at  236-6'^  (Kopp).  Specific  gravity  m  the  liquid  state 
=  0-9727  at  13-4°  C.  =  0-9832 at 0°  (Kopp.)  Vapour-density  -  6-24  (obs.)  =  ill 
(cjilc.  2  vols,).  Composition,  by  analysis  (mean),  BO-89  per  cent,  carbon,  8-45  hydrogen, 
and  10-66  oxygen,  the  furtnida  m{uiring  81-08  C,  8*11  H,  and  10-81  0.  It  is  isomerie 
with  the  essential  oils  of  unise,  fennel,  star-anise,  and  larragoo. 

Dtcompcmtions.  —  1.  Hydride  of  cumyl  may  be  distillod  without  alteration  in  close 
vessels,  hut  when  boiled  for  some  time  in  contact  with  the  air,  it  is  converted  into 
eumioie  4oid,  tegether  with  a  resinous  sabotance.  The  same  transformation  takt* 
place  even  at  ordinary  temperatures,  especially  in  contact  with  water,  or  more  quickly 
m  contact  with  a  baae. — 2.  By  faming  nitric  acid  in  the  cold,  cuminol  is  converted  into 
cuminic  aoid ;  healed  with  nitric  acid,  either  strong  or  weak,  it  yielda  xufxo-caniiae 
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•cid,  tooeUur  with  rttdaoos  producte. — 3.  B^  a  mlxtore  of  add  ckromate  of  potastium 
and  tu^hwic  acid,  it  is  oonreitcd  into  cuminic  acid  (Gerhard t  sod  C&hoors);  liy 
prolonged  aiCtioD  into  insolinic  add  (Ho  f  m  u  n  n.  Ado.  Cb.  Phann.  xcriL  207)- — 4.  With 
chlorint  or  t/romiju  it  forma  anbrtittttioD-prodncta  in  which  1  at.  hydrogen  is  replaced 
bjr  chlorine  or  bromine ;  but  with  pentacUoride  of  photi^honu,  it  formn  the  compound 
C'*H'*C1',  derived  from  hydride  of  cumjl  by  the  aabstitution  of  chlorine  for  oxygen. 
— 6.  Dtj  ammonia  gas  conrerta  nuiunol  aiicr  aome  time  into  a  substance  resembling 
hydrobenxamide  (Qerhardt  and  Cah ours).  SieTeking(Ana  Ch.  Fharm.cn.  3fi7) 
could  not  obtain  tbia  body. — 6.  Sulphide  of  ammonium  decompoaea  cuminot,  forming 
thiocttininol,  CH'-S,  in  which  the  oxygen  of  hydride  of  cumyl  ia  npluced  by  anlphnr. 
— 7.  Heated  with  potattiunL,  it  givea  off  hydrogen  and  forms  cnmylido  of  potassiutu, 
CP'H"O.K. — 8.  Cominol  boiled  with  a^puous,  or  more  quickly  with  alcoholic  potash^  ia 
conrerted  into  ctumnat«  of  potaaaiom  and  cymylic  alcohol : 

2C»^'»0  +  KHO  -  C^E'iKO*  +  C'*H'«0. 

—9.  Cnminol  heat«d  with  tolid  caustic  potash^  yiclda  varioua  prodncta,  according  to 
the  degree  of  heat  applied  and  the  manner  in  which  the  two  snbetancea  are  brought  in 
contacts  When  the  aolid  potaah  ia  corered  with  cuminol  aad  slightly  heated,  eoinylide 
of  potaannm  ia  formed.  When  oomiool  ia  added  by  drop«  to  melting  potaitb,  thtt  masa 
firat  turoa  red,  then  quickly  white,  and  forma  cuminate  of  potaaaiiim,  with  elimination 
of  hydrogen ; 

C'«H"0  +  KHO  -  C^H'^KO'  +  H*. 

IC  howerer,  the  heat  applied  ia  comparati rely  low,  cuminic  tad,  and  cymcne  are  formed, 
without  eTolutioo  of  hydrogen  : 

aC«H"0  +  KH)  -  2C»H*'K0'  +  C^»H'». 

In  tbia  eaae  it  may  be  auppoaed,  tliat  the  cominol  Lb  first  reaolred  into  cuminic  acid 
and  cymylic  alcohol,  and  the  latter  aubaeqnently  into  cuminic  acid  and  cymeno 
(Kraut).— 10.  With  chloride  of  comyl,  cuminol  yields  hydrochloric  acid  and  cumyl 
(p.  182). 

Comiinatuftu, — Hydride  of  oumyl  nsitea  with  the  acid  salpliites  of  the  aUcali-metals, 
forming  oyatalline  oompounda.  The  ammonium'Satt  cr^staUisea  in  needlea ;  the  potoM- 
mwrhsalt  in  loalea :  the  todiwm-aalt,  0*'H'H>.NaHSO*,  m  oolourleii  inodcnoiu  needlea^ 
which  become  yellow  by  keeping. 


Jkrivatives  of  Hydride  of  Cwnyl, 

CMflftyUdA  of  gotaMlnin,  C'*H"O.K. — Produced  by  heating  hydride  of  cumyl 
wiUi  potMnua  out  of  contact  of  air ;  also  by  heating  solid  hydrate  of  potassiam  in  the 
midst  of  h^rdride  of  comyl:  in  the  latter  caae,  water  is  eliminated  and  the  potash  is 
conrerted  into  a  gelatinooa  mass.  To  obtain  pore  camylide  of  potassium,  the  product 
formed  by  the  first  process  is  pressed  between  filtering  (>aper,  and  placed  in  tscuo 
over  sulpborie  acid,  which  absorbs  the  undecomposed  hydride  of  cumyL 

Cumylide  of  potassium  ia  an  amoqifaous  gelatinous  mass,  onJckly  converted  into 
comiiiftte  by  contact  with  the  air.  Water  decomposes  it  into  hydride  of  corny]  and 
hydrate  of  potassiam.  Heated  with  chloride  of  cumvl,  it  yields  chloride  oi  potassium 
and  free  cumyl.  With  chloride  of  benzoyl,  it  yields  an  oil  resembling  cumyl,  pro- 
bably benao-cumyl,  C'H»O.C"H"0.     (Gerhard t  and  Chiosaa,  /«.  cit.) 

Ohtoroeonklnolf  C^*H"C10. — Produced  by  passbg  dry  chlorine  through  dry 
hydride  of  cumyL  It  is  a  yellowish  oil,  heavier  than  water  and  hnving  a  very  power- 
flu  odour.  By  ezposore  to  moist  air,  it  is  converted  into  hydrochloric  and  cominio 
acids; 

8C»H«»C10  +  H*0  =  C''H'*0  +  C'«H'*0*. 

It  is  decomposed  by  dry  distilktion,  yielding  hydrochloric  add  and  a  peculiar  oil,  and 
leaving  a  reddne  of  charcoal  Strong  sulphuric  add  dissolves  it,  forming  a  crimson 
eolation  and  giying  off  hydrochloric  acid.  The  liquid  exposed  to  moist  air,  quickly 
yields  cxystab  of  cuminic  acid.  Chlorocurainol  when  recently  prepared,  is  scarcely 
attacked  by  ammonia,  differing  in  that  respect  from  the  isomeric  oompoond,  chloride  of 
ewnyl,  which  is  immediately  transformed  by  ammonia  into  cnminamide.  (Qerhardt 
and  Chiozza,Ann.  Ch.  Fhys.  [3]  I  82.) 

Sromociunlnel,  C^*H"BrO,  is  a  heavy  oil  resembling  chlorocuminol,  and  obtained 
by  the  action  of  broraino  on  hydride  of  cumyL     (Gerhard  t  and  Chioasa.) 

CVMntXt  caiiO&ZXli;  or.  C|*H"0. a.— Obtained  by  the  action  of  pcntaohloride 
of  phosphorus  on  cuminic  odd.    It  ia  a  eolourleaa  rtrj  mobilo  liquid,  of  specific  gravity 
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1-070  tit  15°  C.  BoiU  between  256°  and  258°  C.  By  exposure  to  moist  air,  or  man 
rapidljr  by  boiling  with  caustic  potash,  it  is  converted  into  hydrochloric  aud  cumuuc 
amdA.  It  ifl  strongly  bouted  by  contact  with  strong  alcohol,  ^nddiog  hydrochloric  add 
and  cominate  of  etiivL 

With  dry  ammonta  gas,  or  with  car Ao" of e  nf  ammonium,  it  forma  cuiniiia,mide ;  with 
pkcntffamw  it  yields  phenylcuminiimidc  or  cumanilide,  (Cahoura,  Ana.  Ch.  Pby*. 
[3]  xxiii.  .147.) 

CirWTXiAMZSB.     Syu.  with  CxTMlxuciliB  (p.  177). 

CITBCTXifiJrB.  CH". — A  hypothtiticul  diatomic  radicle,  homolc^oiu  withb«czj> 
Icint*  (i.  577),  of  wliich  the  following  compounds  are  known. 

Chlobiob  Of  CuMTLBNB,  ChloToeumol,  CMoroduninol,  C'"H'*C1*.  (Cahouri^ 
Ann.  Ch.  Phya.  [3]  uiii.  346.— vSieTeking,  Ann.  Ch.  Pbarm,  cvi.  258- — TiittacheH 
J.  pr.  Cbcm.  Ixxt.  370.) — Produced  by  tho  action  of  pcnlachloride  of  phoopboru 
OS  nydride  of  cuiuyl : 

c«»H"0  +  pa»  =  vcm  +  C"H'»a». 

It  is  a  Uiapid  oUy  liquid  hariBg,  a  penetrating  but  not  unpleasant  odour,  heavier  thaa 
wuter  and  insoluble  therein ;  easily  soluble  in  akobol  and  ether.  Boik  betw6e>2i  26u* 
and  260°  C.  (.Cahours);  at  256<»  with  aligbt  deoompositioa.     (Tiittscheft) 

Dtoompoaitions.  —  1.  Heated  with  alcohob'c  ammonia  in  a  sealed  tabe,  it  fimnt 
chloride  of  ammonium  and  a  thick  yeUow  oil  (Siereking), — 2.  It  doea  not  apptar 
to  be  decomposed  by  aqneoujB^ta^A  (Cahours). — 3>  With  sulphydraU  of  pvtaunm 
it  yields  chloride  of  potassiuio,  and  a  viscid  product  of  repoJaive  odour  (G»honra). 
By  prolonged  trentment  of  the  alcoholic  soiatiou  with  tulpfade  of  amanomtim,  it 
forma  a  dark-red  reain  soluble  in  ether  (Si evoking). — 4.  Freshly  predpitated 
oxide  of  titver  converts  it  into  cuminol  (Tuttscheff). — 6.  When  2  at.  tfJiwait  cf 
aodiu/n  are  heated  with  1  at.  chloride  of  curaylcne,  chloride  of  sodium  and  a  red  lupoid 
are  obt;uned  When  this  product  is  distilled,  first  alcohol,  and  then,  between  170* 
and  23S'^  C,  an  oil  pames  over,  which  behaves  wit}i  acid  solphitea  of  alkali-metals 
like  cuminol  (Sieveking).— 6.  With  acetatg  of  sUvcr,  it  forms  acetate  of  ctunyleDs 
(Sieveking),  with  betu&aie  of  sifvfr,  beozoate  of  cumylene.     (Tiittacheff.) 

AcBTATB  or  CuMTLBXB.  Acetattof  Cumoglifeol,  Biacttatccf  Cumol.  C*W*0*si 
(C=H*0)».  (C'«H*')"-0'-  (.Sieveking,  foe.  «/.)- Chloride  of  cumylene  is  mixed  with 
excess  of  acetate  of  silver,  and  the  reaction,  which  inunediatelvensue«i,  isi  finnJIy  aided 
by  a  gentle  heat  The  product  is  treated  with  ether;  the  solution  evaporated  ;  *ad 
the  residue  ia  washed  with  aciueoas  carbonate  of  soda,  and  cr^'stallised  from  ethrr, 
whereby  yellowish  crystals^  contaminated  with  an  oil,  are  obtained.  When  pore  it 
ft»RDB  colourless  crystals,  rpsembling  the  swallow-tail  cryatala  of  gypsum.  It  melts  at 
a  moderate  beat,  and  diffuses  a  powerful  odour  of  acetic  acid  and  cumlnoL 

Bbnroatkof  CuKTLBNB.  litnsoate of  CufHoglyooL  Bibefuoate of  Cumot.  C*H^O* 
=  (C^»Or.  CC  "H'^y'.O*.  CruttschefiE;  toe.  «■<.)— Seven  pta.  chlorocamol  are  mix«d 
in  a  porcelain  dish  with  16  pta.  beneoate  of  silver,*  the  moaa  thereby  formed  ia  treated 
with  ether,  which  leaves  chloride  of  silver;  and  the  resoltiDg  solution  of  benxoabe  of 
Ciimo};]ycol  is  leil  to  evaporate  spontaneonslj^,  whereupon  a  browniah  yellow  od, 
foUdifjriag  in  crpf  als  in  a  few  dava,  is  deposited.  This  is  pressed  between  papa^ 
muhed  with  aqueous  ammonia,  and  recrystaUised  alternately  from  ether-alcohol  aod 
absolute  alcohol. 

It  forms  brilliant,  colonrleaa  aeedlefl,  melting  at  88°  C,  and  solidifying  in  crystali 
on  cooling;  soluble  in  alcohol,  esp«oiaJly  in  warm  strong  alcohol,  and  preicipitated  by 
water ;  soluble  in  etfuT,  acetone,  and  ckioroform. 

It  cannot  bo  voktilined  without  undergoing  deoompoaition.  It  ia  diaoolTed  by  eold 
Bttlphitrie  acid  with  dark  red  colour;  the  solution  black  ana  by  boilizig:  it  la  not 
attacked  by  boiling  nitric  acid;  it  in  not  affected  br  Oflimonta  or  by  conc«ntrat«d 
baryta-water ;  distilled  with  caustic  potash,  it  yieloa  benxoate  of  potaasiom  and 
cuminoL 

COTIKTXtlC  ACX1>.     Ryn,  witi  CunCOTlC  Acn>- 


CtrMYIi-SAl,ICYX.AWIDB. 
CTr»m.^B1TI.3>fiOPK£BrJUaX9B. 


{     See  CmfTNiJanB  (p.  178). 


cnrPE^  A  shallow  cup-sbaped  veaael  made  of  bone-earth  ramme^d  into  a  mould 
which  gives  it  its  shape.  It  is  used  in  assaying  gold  and  silver  with  lead.  (See  QoiP 
and  SiLVKB.) 

curKAMiVEB,  cnpscAiOMairz&s,  cxrp  a Anratoy nrms.    Baaeada- 

rivi>d  from  the  types  NH*  and  NH*  by  Bul>fftitution  of  one  or  more  atoma  of  copper  te 
an  equivalent  quantity  of  hydrogen  (p.  79). 
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CttVSZOUS  AwaZtSSXTS.    Sco  Lmxnm. 

CxrvmxOTTS  ]iCAVOAVsa&  A  vuietj  of  irid  or  earthy  mangaacea.  (Se« 
irAJ(o.i>BsK.  oxiiiRs  or,  und  Wad.) 

ocrrmzG  co»s»oinn>s.    S(^  Cofpsb  (pp.  41,  5fi). 

CUTBZCina.    Cn  =  31-6.     The  mdide  of  the  cupric  compouiidj  (p*  41)- 

CTTfMXT'^     Native  cnprouB  oxide  (p.  70). 

CUTSOP^tnu^UTB.  A  Bulphidp  of  copper  and  lead  from  Chill,  occarring  in 
fcnnfl  of  the  roguliir  HyBt«m,  irith  cobic  cleavage;  also  xnaasivfl,  granalar.  yjieciflc 
grSTitj  »  6-408  to  0-423.  HardnpM  »  25.  Lostre  ractaUic.  Colour  blodciiiU  lead- 
fpnj.  Streak  black.  Rather  iectUe  and  brittle.  Fusm  readily  on  charcoal  before 
Ihe  blowpipe ;  yields  with  soda  a  cupreous  lead'globule ;  melts  and  girea  oft  8ul< 
phurouB  &DhTibr!<i«  when  heated  in  an  open  tobe. 

AcoordLQKto  Plattaer's  analysis  (Poftg.  Aon.  In.  672),  it  contains  64*9  per  cent. 
laad,  19-6  copper,  0-S  Bilv«r,  and  lo'l  solphur  (estimated  by  loss),  whence  the  formula 


2PbS.Cu»S,  or 


(Cu-)" 


S*. 


AoeordUiK  to  O.  Ulrich  (Borg.  o.  hiJUonra.  Zpifunjt,  triii.  221).  a  mineral  of  the 
■ame  oompoaitioa  is  found  in  small  quantity  on  the  M'lvor  river  in  Victoria,  Auatralia> 
It  has  tae  aapoet  of  &i«-gnuiied  galena,  hardneaa  »  S'O  to  4-0,  and  apparently 
rhombobedml  elearagift. 

dTP&OBxrm.  (Cu*)"  »  126-S.— The  radicle  of  the  cuprous  compounds.  (See 
Coi'»-KB.  pp.  41,  -16.) 

OVBAJUL.  Urari.  Wcornra,  Woorali,  Wourali. — A  resinous  snfaftaiiee  VSed  by 
the  Indians  of  .South  Amerim  for  poii»oning  their  arrows,  and  consisting,  according  to 
■everal  authoritioa,  of  the  aqueous  extract  of  a  climbing  plant  belonging  to  the  genua 
Sttychmn.  It  is  a  brown-black,  shining,  brittle,  resinous  mass,  almost  wholly  soluble 
iu  tt«t<r,  either  cold  or  warm;  spanngty  soluble  in  abeolute,  eanly  in  aoneous,  alcohol ; 
purtiitlly  soluble  in  ether.  It  baa  a  bitter  taste,  neutral  reaction,  ana  when  heated, 
buniB  with  a  yvllowish-ted  flame,  giving  off  vapours  which  have  a  disagreeable  odoar. 
Its  cheniical  nature  is  not  accurately  faiown.  Boussingault  and  RouUn  attribute  ita 
poisonous  action  to  the  presence  of  a  peculiar  alkaloid,  curar  ine  {q,  v.),  while  other* 
ascribe  ita  affects  to  the  presence  of  sttychnina. 

Curara  may  be  iatiodtieed  with  impunity  into  the  alimentary  canal,  except  in  very 
lar^e  doaas,  but  if  introduoed  into  a  puncture  in  the  skin,  so  that  it  may  mix  with  the 
blood,  its  action  is  rapidly  mortal.  Humboldt  states  that  the  earth-etfting  Otomoks 
on  the  Orinoco  are  in  the  habit  of  anoint  iog  their  thumb-nails  with  it,  and  that  n 
mere  scratoh  with  ancb  a  nail  b  saffident  to  prodnee  &t«l  effects.  The  Indians  uao 
arrows  poisoned  with  euraia  in  the  ehaee,  the  fleah  of  animals  thus  killed  being  per> 
fcc-tly  wholesome.  Corara  acts  chiefly  on  the  motor  nerves,  the  functions  of  wtuch  it 
completely  arrests,  while  the  seasonal  nerves  retain  their  activity.  Death  ensues 
from  pamlyais  of  the  nervee  of  the  respiratory  organs. 

From  the  researches  of  Revnoeo.  it  ap|>ears  that  chlorine  and  bromine  dooompoaa 
cunira,  and  completely  neutnuiae  its  poisonous  actbn.  Iodine  also  acta  as  an  antidote, 
though  it  does  not  completely  decompose  the  curara.  l^itric  add  acta  but  slightly  on 
eunira,  but  may  be  useful  as  a  caustic  in  eases  of  poisoning  by  that  substance. 

Curara  has  been  tried,  but  without  success,  as  an  antidote  to  strychnine.  It  haa 
also  been  tried  as  a  remedy  iu  cases  of  traumatic  tetanus,  and  in  one  instance  with 
■nroeae ;  in  other  cases,  however,  it  has  been  found  to  produce  no  effect  whatever. 
(Handw.  d.  Chcm.  ii.  [3]  271). 

CtrKAStnra.  (Roulin  and  Bonssinganlt,  Ann.  Ch.  Fhys.  [2]  zzxix.  24. — 
A.  tie  Humboldt,  ibid,  xiiix.  30.— Pelletier  and  P6tros,  ibid.  xL  213.— Om  the 
Pi/ison<jnt  Vrtrjurties  of  Curarine  :  Pelonie  and  CL Bernard,  Compt.  rend,  yriri  553. 
— A.  Reynoso,  t/W.  xxxix.  67. — E.  Peliken,  ibid.  xliv.  607. — M.  Milleroox,  ilnd. 
ilvii.  973.}— An  alkaloid  exiiitinc  in  curara. 

To  prepare  it,  PcUetier  and  P^troa  treat  the  alcoholic  extract  of  curara  with  ether, 
to  rrmovo  fut  and  resin  ;  dissolve  the  remdae  in  water;  precipitate  the  foreign  matters 
with  basic  acetate  of  lead,  and  remove  the  csces*  of  lead-salt  with  sulphuretted  hy- 
drogen ;  decolorise  the  liquid  with  animal  eharcoal ;  evaporate  the  filtrate  and  expel 
the  oi^rtie  acid  by  adding  sulphuric  «cid  diluted  with  absolute  alcohol ;  remove  the 
iiicoliol  by  evaporation  ;  prcoipitfitc  tho  Hulphuric  ncid  with  hydrate  of  biirium  ;  remove 
Ihe  excess  of  baiyta  bymeans  of  carbonie  acid  ;  and  finally  evaporate  the  filtered  liquid 
to  dryness, 

Cumrino  thus  prepared  is  a  non-cryiitalline,  yellowish,  homy  mass,  translucent  in 
thin  fragments,     it  is  deliquescent,  and  has  a  bitter  taste.     When  heated,  it  chan^ 
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emits  an  odour  of  banit  born,  and  yields  a  slight  BublitDut«$.  It  dicflbhrcfl  in  aD  piD- 
portions  in  wat«>r  and  alcohol,  but  is  insoluble  in  ether  and  in  oil  of  tmpeotinft.  It 
blupH  litmus  pnpor  reddenod  bv  acids,  and  reddens  turaimc  pap«r. 

It  unites  with  acid.<<,  forming  bitter  suits.  The  sulphate,  hydrochtonUtf  and  OOVM^ 
■which  are  the  only  ones  yet  knovrn,  are  unQryBtaUiBable. 

According  to  Pelikan,  curarine  exhibits  with  acid  chromatf  of  f<jia$Mtan  and  mil- 
phuric  aeid,  with  fprroci/anide  of  potassium  and  aulphuric  acid,  and  with  perviiC 
lead,  the  same  reactions  as  atrychnine,  excepting  that  with  curarine  they  are  i 
permanent.    It  likewise  exhibits  the  same  deportment  as  strychnine  when  ffubjo 
to  eifctrolytis,  a  red  colour  appearing  in  both  cases  at  the  positive  jx>le. 

The  physiological  action  of  curorino  appears  to  be  the  (>(uae  as  that  of 
FeJikau  found  that  0"0o  grms,  of  curarine  introduced  under  the  aldn  of  a  rabbit  kilM 
it  in  a  short  time.  He  i»  of  opinion  that  there  ia  no  antidote  to  the  poisonotts  Actaoa 
of  cttrura  and  curarine. 

CUUOJmUL.    Sen  TiTBxsaiC!. 

CiniCUHror.  (A.  Vogel,  Schw.  J.  xTiiL  212.  — Pelletier  and  Vogel,  J. 
Phann.  July  1816,  p.  269. — Vogel,  Jun.,  Ann.  CL  Pharm.  xliv.  297-) — A  yelloww- 
■inoua  substance  contained  in  turmeric  root.  To  extract  it,  the  pulTeris^  root  is  Sfit 
boiJed  with  water  to  remove  gummy  matters,  &c. ;  the  residue  then  treated  with  bal> 
ing  alcohol ;  the  filtered  alcoholic  solutioD  CFaporatcd ;  the  residue  digested  with  cUwr; 
and  the  ethereal  Kolution  eruponited  at  a  gentle  heat.  The  reaidae  cotuoAts  of  eazc^ 
min  contaminated  with  a  small  quantity  of  essential  oil,  from  which  it  may  be  fiwd 
by  rediasolving  in  alcohol,  precipitating  with  acetate  of  lead,  decomposing  the  lead- 
precipitate  wiut  solphurettea  hydrogen,  and  then  treating  it  with  boiling  ether,  windl 
takes  up  the  curcumin. 

By  evaporating  the  ethereal  solution,  the  cnrcnmln  is  obtained  in  thin  reainoas  ptafis 
of  the  colour  of  cinnamon,  but  yellow  when  reduced  to  powder.  When  exposed  I9 
Bunshino,  it  gradually  loses  ita  colour  and  becomes  yellowisfi-white.  It  is  heavier  tiiaa 
water,  and  insoluble  therein,  but  di.ssolvea  with  facility  in  alcohol,  ether,  and  oik 
both  fixed  and  volatile.  The  alcoholic  Bolution  is  precipitated  by  gelatin.  Cuieniut 
inelta  at  40°  C,  and  j«  coroplt'tely  decomposed  by  distillation- 

OVSOOSnvs.    Syn.  with  Ajucms  (L  357). 

CirsPAHUr,     A  non-azotiscd  cryatalliaable  substance,  aolnblo  in  alcohol,  ipo- 

ingly  pnluliit'  in  watpr,  contained  in  the  bark  of  the  true  angufltura  {Cutparia  ftbii' 
fuf,a)  (Saladiu,  J.  Chim.  mcd.  1833,  ijl  388).  Herzog  (Axch.  Phaim.  [2]  xciS. 
146)  was  not  able  to  obtain  this  substance. 

CUTXXI.  A  peculiar  modification  of  cellulose,  contained,  according  to  Fremy,  in 
the  epidermis  of  Wres,  petals,  and  fruits,  together  with  ordinary  eelioloee,  alboiniii, 
pectous  i^tub^Unce-a,  and  fatw  It  is  especially  di.itinguishiHi  from  ordinaxy  cellnkiw 
(i  820)  by  being  inisolublc  in  ammoniaoal  solution  of  oxide  of  copper  (cuprammont) 
To  prepare  it,  th<?  epidermis  of  leaves,  or  the  leaves  themselves,  are  boUed  for  halftt 
hoar  with  weak  hydrochloric  acid  and  washed  with  water;  the  woody  fibre  is  reoMved 
from  the  residue  by  fu^ueous  cuprammonia ;  and  the  undijssolved  portion  is  trested 
Buccessively  with  water,  hydnx:liloric  acid,  weak  aqueons  potash,  alcoboL,  and  ethff. 
(Fremy.) 

Cutin  exhibits  nnder  the  microacope  the  aspect  of  an  amorphou«  perforated  ffln. 
It  is  very  extensible,  contains  73-66  per  cent.  C,  11"37  H,  and  14*97  O,  approacluLg 
in  composition  to  the  fata  (Fremy).  It  decomposes  when  keated,  producing  f^trr 
acids.  It  is  not  decomposed  by  cold  nitric  add,  but  when  boiled  with  that  add,  yieii 
all  the  products  tiiat  are  formed  in  like  manner  from  the  fiita,  eqiecially  suberic  acii 
It  is  nat  altered  by  contact  "with  cold  oil  of  vitriol  or  boiling  hydrochJoric  acid,  Itil 
saptinified  by  boiling  concentrated  aqueous  potash,  and  from  the  eoap  thus  fonned,  • 
liquid  fiitty  acid  may  be  sepiirutpd,  which  is  soluble  in  alcohol  and  ether,  but  upetfl 
to  be  different  from  oleic  acid.  Cutin  is  not  nitered  by  diluto  aqueous  aJJkaus,  hj 
ammonia,  or  by  any  neutral  solvent.     (Fremy,  Compt.  rend,  xlviii.  669.) 

According  to  Pay  en,  on  the  other  hand  (Coinpt.  rend,  xlviii,  893),  the  epidermio  of 
plants  conaistfl  of  cellulose  impregnated  with  fat**,  nitrogenous  bodies,  and  inor^vuc 
aalts ;  be  denies  the  existence  of  any  peculiar  constituent  of  it  not  containing  nit^ig^a 
or  eelluloBe.  and  regsirds  the  cutin  of  Fremy  as  a  product  of  the  transformatioa  of  cel- 
lulose by  the  rtnigipiits  abovp  mentioned. 

CTAlOSIitDS.  Instilulile  Cf/(inuric  acid,  nCNHO.  (Liebig.  Pogff.  Abo.  l». 
661 ;  XX,  ^B4).  A  white  crystalline  substance  polymeric  with  cyanic  acid  (parfaaps 
€'N-H-0'\  which  is  produced,  toother  with  Hquid  cyanic  acid,  in  the  dry  <*i«»itt«<ii» 
of  cyanuric  acid ;  somt^times  forms  spontaneously  in  the  aqneoas  solution  rf  ejme 
acid;  and  is  obtained  when  certain  eyanates  are  treated  with  concentrated  acids;  fte 
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Mcxniptr,  whrn  eyaitate  of  poUui«ium  is  tnttirated  with  Aiiniog  oltric  or  anlphario  acid, 
vith  ciyaUJlucd  oxalic  or  fairtario  acid,  or  with  strong  acetic  or  hydrochloric  acid. 

Cj^amelide  is  tastdeaa,  iaodoroos,  insolable  in  water  both  hot  and  cold,  also  in  al- 
cohol, ether,  and  dilate  acids.  When  he&t«d,  it  is  oonTcrted  into  cyanic  acid,  which 
Tolatilisea.  Heatad  with  strong  solphuric^  acid,  it  decompoaos  with  cffon-psccnce, 
yielding  carbonic  anhydride  and  sulphate  of  aramonium.  It  is  not  alUmnl  by  boiling 
with  hjdrochlon'c  or  nitric  add.  It  diBsolves  esiiily  in  potash,  and  the  solution  when 
era{>orat«d  yields  cyanortito  of  potassium,  a  small  quantity  of  ammonia  bcin^,  bow- 
erer  given  oS,  arising  from  a  seooadaxy  dooompoutioD.  Cyamelido  is  liJcewieo 
soluble  in  ammonia. 

CTAMBZiVrmxo  ACXB.  C*H*N'0*.  An  add  discovered  in  1850  by  Henne- 
beriir  (Ann,  Ch.  Ph.irm.  IxjLiiii.  236),  who  assigned  to  it  the  formula,  OE'N'O'. 
Gerhartlt  (CompL  diim.  1B50,  1(H)  r^arded  it  a«  C*II<N*0« ;  but  Liebig  (Ann. 
Ch.  I'harm.  zer.  281)  showed  that  th«  true  formula  is  C'H'N^O*.  The  udd  is  tri- 
basio  and  may  be  derived  from  the  type,  NH'.SHHO,  according  to  urbich  its  rational 

formula  i.CCN>;j^, 

Cyamelnric  add  is  formed,  from  mellone  by  the  action  of  alkalis  at  the  boiling 
heat,  the  rmction  beii^  refmseoted,  according  to  Xiebig,  by  the  equation : 

a<W«Z»  +  9ffO  -  2C*N'K«0«  +  CH»N»0«  +  3NH» 

MeUonld«  of  CyuneluraU  Ammelld*. 

yn»Mria»  orpotaMiinn. 

The  potassinm-salt  is  prepared  by  evaporating  a  mixture  of  1  pt  mcllonido  of  po- 
tassium, 10  pta.  potssh-lev  of  spedfie  gravity  1-2.  and  20  pta.  water  at  the  boiling  heat, 
the  water  boing  renewea  aa  it  evaporatcfl,  till  the  concentrated  mass  is  no  longer 
curdy,  but  exhibits  crystals  on  its  surface,  and  the  liquid  solidifiea  on  cooling  to  a 
njaiiroa  of  needle-shaped  crystals.  These  are  washed,  first  with  potash-ley,  then  with 
alcohol,  and  redystallised  from  boiling  water.  On  cooling,  the  cyamelurate  of  potua- 
sium  crystaUises  in  coiourlesH  prismatie  needles  Lavine  a  glaasj  lustre.  Its  aqueous 
aolntioo  mixed  with  hydrochloric  adddepoeita  eyamelurie  acid  as  a  white  powder, 
and  on  diMolring  this  in  boiling  water  containing  a  few  drops  cf  hydrochlone  add, 
the  eyamelurie  acid  ciystalliacs  on  cooling  in  white  crystalline  crtLsbs,  containing  a  few 
separnte  cTystaU  in  the  form  of  prisms  with  pyramidal  summits. 

CtyefallLord  Ljamcluric  add  contains  2^  at  (16'Q  per  cent)  water  of  nystalliitation 
its  fomuJtt  hoing  2C*H'N'0'  +  6  aq.;  the  whole  of  this  water  ia  given  off  at  IW  C 
The  crystalt  dissolve  in  about  720  pta.  water  at  17°  C.,  more  readily  in  hot  water;  ths 
Bulntioo  reddens  litmus.  The  dry  add,  exposed  to  a  moderate  red  hear,  turns  yellow, 
gicea  off  vapours  of  cyanic  add^  and  yields  a  white  sublimute,  probably  consisting  of 
cyanuric  acid,  with  a  ydlow  residue  of  mellone  (tricyanuramide). 

aC^'N'O"  -  9CHN0  +  C»N". 
Cjraniclurk  C^mIo         MeUooe. 

Kid.  add. 

Cyamelttrio  add  boiled  with  nitiio  add  jields  a  crystalline  product,  prol>abIy  cyanuric 
add. 

CTAMSLCRaTis.  Cyamelnrie  add  is  tdbasic,  and  forms  three  classes  of  salts, 
ria.:  nrvtral  ot  trimrtaific  =  C«M»N'0»;  dinttatlie  =  C'UM-N'0»  and  moiwmefrtWif 
■■  C*H*MN*0*.  It  unites  directly  with  bases  and  decomposes  carbonates.  Strong  adda 
discompose  the  cyamdurales,  separating  eyamelurie  add. 

Cf/amrturat«  of  Ammonium  crystallises  in  needles,  which  are  very  soluble  in 
wnt4<r.  and  fall  to  powder  when  exposed  to  the  air,  giving  off  ammonia  and  leaving 
sn  Hcid  »nlt 

The  Bar  turn- tali,  C'*Ba*N'*0*  +  aq.,  obtained  by  boiling  a  dilute  solntion  of  the 
potassium -salt  with  excess  of  chloride  of  barium,  cryntullisea  in  microscopic  newUes 
Tery  sUgbtly  soluble  in  water,  and  giving  off  the  greater  part  of  their  crystalliitatiiiu- 
water  at  100°  C. 

The  Cttpric  snlt  is  bluish  white,  gran ulo-ctystaflinc,  soluble  in  nmmonia.  The 
Ferric  taU,  precipitated  from  a  perf^tly  neutral  solution  of  ferric  chloride  by  cyame- 
lurate of  potassium,  forms  a  ^-ellow  bulky  precipitate^  resembling  ferric  phosphate.  The 
.Afd^fifSiufH-fo/^is  a  white  cz7Btalline  prcdpitate  insoluble  in  water,  soluble  iu 
aal^ammoniac. 

Cyamfiuroift  of  Potassium. — The  tripoiaaaicsalt,  C*E*N^O*  +  Saq.,  prepared 
aa  above  described,  forms  white  xhlning  needles  of\en  st^veml  inches  long,  liaK  a  strong 
alkaline  reaction,  tastes  soapy  at  first,  then  bitter  and  irritating.  It  diismtlves  in  7'4  pts. 
water  at  18°  C,  and  in  I  or  2  pts.  of  boding  water,  but  is  insoluble  in  alcohol.  The  so- 
lution precipiutes  the  alkalia  and  alkaline  earths.     The  oir-driod  salt  givoi  off  3  at. 
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water  when  left  over  oil  of  vitriol  or  heated  to  between  100°  and  120*»  C. ;  at  a  kw  red 
heat,  it  melt«,  giving  off  first  amrooniacal,  afterwards  acid  vapoora.  The  dipotame 
salt,  C*K*HN^O*  +  2  aq.,  separates  from  a  moderately  strong  ana  slightly  wanned  seda- 
tion of  the  preceding,  on  addition  of  acetic  add,  m  thin  laminae,  iriaeecent  in  sim- 
shine.  From  a  boiling  solution,  it  crystillises  by  slow  cooling  in  concentrie  groops  of 
crystalline  needles.  It  is  somewhat  more  soluble  in  water  than  cyamelnric  add, 
and  has  an  acid  reaction.  The-  crystallifiation-water  is  given  off  between  120^  and 
130^  C.     The  salt  when  heated  to  redness  leaves  a  yellow-brown  fusible  residneL 

The  Silver-salt,  C*N'Ag"0'  +  aq.,  is  obtained  by  precipitation,  as  a  white  enrdy 
substance,  forming  when  dry  a  white  friable  mass,  sparingly  soluble  in  dilute  nitne 
acid.  It  retains  a  small  quantity  of  water  at  130°  C.  When  ignited  it  lesfea  metallie 
Sliver. 

The  9odium-$alt,  obtained  by  decomposing  carbonate  of  aodinm  with  cyamdnrie 
acid,  crystallises  in  needles,  very  soluble  in  water. 

CTAMBTBnrB.  C<H*N'.  A  oystallisable  organic  base,  polymeric  with  cyanide 
of  methyl  (CN.CH*),  and  homologous  with  cyanethine  {OIL^TS*,  p.  189^  prodneed. 
with  evolution  of  carbonic  anhydride,  by  the  action  of  chloride  of  acetyl  on  eyanate  of 
potassium: 

3(C»H»0.C1)  +  8CNK0  -  SKQ  +  3C0«  +  C«HW«. 

It  has  not  been  analvscd,  but  its  composition  is  inferred  from  the  analogy  of  the  re- 
action to  that  of  chloride  of  benzoyl  on  eyanate  of  potawrinm,  by  whica  ojfapkaa*$ 
{q.  V.)  is  produced.    (Cloez,  Ann.  Ch.  Fharm.  cxy.  27). 

CTAVAmSB.  CN'H*  -  h[|n.    (Bineau,  Ann.  Ch.  Fhys.  [2]  bcyiL  368;  Ixz. 

251.— Cloez  and  Cannizzaro,  Ann.  Ch.  Fharm.  IxzyiiL  228.— W.  Henke,  AnI 
svL  286.— Beilstein  andG-euther,  t^'<£.  cviii.  88. —  Strecker,  l^mdw.  d.  Chcia. 
ii.  [8]  286.)  —  Bineau,  by  mixing  dry  ammonia-gas  with  gaseous  chloride  of 
cyanogen,  obtained  a  product  which  he  regarded  as  ammonio-chloride  of  (Tsnogni, 
CNC1.2NH*.  Cloez  and  Cannizzaro  (in  1851)  showed  that  this  sobstance  was  a  mix- 
ture of  sal-ammoniac  and  cyanamide  (NH^Cl  -i-  CN-H*),  and  obtained  the  amide  in  tfaa 
pure  state  by  passing  gaseous  chloride  of  cyanogen  into  a  solution  of  ammonisi-gas  in 
anhydrous  ether.  Sal-ammoniac  then  separates  out,  and  the  ethereal  solnticni,  erruMrastad 
over  the  water-bath,  yields  pure  cyanamide.  For  preparing  larger  quanbtiai  ef 
cyanamide,  it  is  better  to  pass  dry  ammonia-gas  and  chloride  of  cfanogen  aimil- 
tuneously  into  anhydrous  ether.  Liquid  chloride  of  cyanogen,  and  the  bnnnide  and 
iodide  of  cyanogen  likewise  yield,  with  ammonia- gas,  mixtures  of  ammoninm-lrft  and 
cyanamide.  A  compound  identical  in  composition  with  cyanamide,  and  ■wrliitiitjiig 
similar  reactions,  is  obtained  by  the  action  of  carbonic  anhydride  on  ■odamide 
(Beilstein  and  Geuther): 

C0»  +  2NH^a  =  2NaH0  +  CN«H». 

Cyanamide  is  a  white  crystalline  body,  which  melts  at  40^  C,  often  remannng  Uqoid 
when  cooled  several  degrees  lower,  and  then  solidifying  suddenly  by  contact  with  a 
solid  body.  When  heated  to  160°  C,  it  solidifies,  with  considerable  evolution  of  ImbI, 
and  is  converted  into  the  poljpieric  compound  melamine,  or  cyanur  amide,  C!N*H*. 
Cyanamide  is  permanent  in  dry  air  and  dissolves  easily  in  uxiUr,  but  on  eyapcwating 
the  solution,  it  is  converted  into  an  insoluble  body,  probably  melami  ne.  It  diasotfes 
easily  and  without  decomposition  in  alcohol  and  in  ankydrout  etker.  AJUkaUt  decon- 
pose  it ;  with  some  acide,  especially  with  nitric  acid,  it  forms  crystalline  compovnds. 
On  adding  a  small  quantity  of  nitric  acid  to  its  aqueous  solution,  nitrate  of  vim  ii 
produced: 

CNTP  +  HK)  -  CN«H«0. 

CyBnamMA.  Urea. 

A  solution  of  cyanamide,  mixed  with  nitraif  of  silver  and  a  small  quantity  of  arnmouai 
yields  a  flocculent  yellow  precipitate  (?  argeuto-cyanamide,  CN'Ag'),  s^uble  in  am- 
monia and  in  nitric  acid.  A  solution  of  cyunumidc  and  acetate  of  copper  yields  OB 
gradual  addition  of  potash,  a  brown  bulky  copper-compound.  (Beilstein  ud 
Geuther.) 

Cyanamide  mixed  in  an  aqueous  solution  with  gfycocd  (CNH'O*),  nnitea  with  it, 
forming  glycocyamine,  CN'H'O',  a  base  homologous  wiUi  creatine,  which  sefpantw 
after  some  days  m  colourless  crystiilliue  needles,     (Strecker.) 

Stdutitution-derivatioca  of  Cyanamide. —  These  compounils,  derived  from  cyanamide 
by  the  substitution  of  1  or  2  at.  of  an  alcohol-rudicle  for  an  equivalent  quantity  of 
hydrogen,  are  obtained  by  the  action  of  chloride  uf  cyanogen  on  ethylamine^  phenyl- 
amine,  &C.  The  ethyl  and  phenyl  compounds  are  the  only  ones  that  h*Ta  bMB 
■tndied.    (See  Ctanethtlakidb  and  CTAxoruBirrLAiuDS.) 
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IMcyaao-dlamide,  CN'H*  =•  ^  tt*  |  N*.    An  tqncofu  solotioo  of  cymuunido  loft 

to  itM*lf  for  tome  time,  or  mare  quickly  if  mixed  with  a  small  qnantitj  of  anunonio, 
daponli  a  uparitigly  solable  ratMUaoe,  aystalliainff  in  broad  lamime,  and  appareotlj 
wriltillC  of  di(7aoo-dumude,  the  moleaile  of  which  is  simply  that  of  cyanamide 
dawbtad.  It  tmitea  with  nitrais  o/Mlvtr,  forming  Uie  compound  C*N*H*.AgNO',  which 
erjatalUMa  in  Tcry  alender  oeediea,  Yerj-  »oIuble  in  boiling  water,  uparingly  in  cold 
water  and  in  nitric  acid.  The  aolution  of  this  Bilver-compoand  mixed  witL  tuumonia 
yieldt  a  whit«  insolabla  pulrerolent  precipiute  cooAistiii^  of  C^N'H'Ag. 

DicyancMiiamide  dimolvta  in  aeids,  the  aolotions  yieldingby  eTapomtion  ctystaUins 
^Mltsof  the  base  C'N'H'O.  The  hydrochlorate,  C'^'«H*0.IIC1,  forme  colourl«« 
IMedlea,  and  ite  ooncentTBf4i*d  solution  yields  with  dichtoride.  of  jtlaiinum,  a  crystalline 
precipitate,  2(CN«H*O.HCl).PtCl',  which  cryjtallisea  from  hot  water  id  large  prisma. 
The  nitrate,  CN'H'O.HiiO"  (at  IIO""  C).  cr>'RtallLB«a  in  colourlees  needles  grouped 
in  hemisphorea.  The  oxalate  (^CN*H*0)-.C-H'0*,  is  formed  on  adding  a  warm  con- 
cenlratea  solution  of  oxalic  iicid  to  a  solution  of  dicyano-diamide,  and  crystallisfa  on 
eviporating  the  liquid.  Itti  formation  is  attended  with  copious  evolution  of  carbonic 
oxide  and  carbonic  anhydride,  arising  from  decomposition  of  part  of  the  oxalic  add 
added.  The  sol p hate  (C*N«H*0)».H»SO*  +  2  an.  CTystallises  in  needles  which  give 
off  their  water  at  100"  C.  The  base,  C^*H*0,  is  obtained  by  heating  the  eolutioa 
of  the  lalpbate  with  carbonato  of  bariam,  and  eraporatiog  the  filtrate,  in  cvlourlesa 
czystaLi  baring  an  alkaline  r««ctioo,  easily  solable  in  water,  slightly  in  alcohol.  Wheu 
boiled  with  water,  it  is  decomposed,  with  eroluiion  of  ammonia,  and  formation  of  a 
base  whii-h  appears  to  belong  to  the  type  NH*.H.O,  inasmuch  a«,  when  treated  with 
hydrochloric  acid,  it  is  converted  into  a  chloride,  with  elimination  of  2  at  water. 
(Ilaag,  Handworterbnoh,  ^.  a'^.) 

TaicTA..vo-TRiAMiua,  CN'H*.     Bee  CxixvukiDD^ 

CTAN3>xsTirrx.AMZ»a.    See  CTAsrarrsTuufiDi. 

CTASrSTSnrx.  CU'*N*.  (Frank! and  and  Kolb^  Chem.  See.  Qa.  J.  L  69 ; 
Ann.  Ch.  Pharm.  Ixv.  288)— An  organic  base,  polymeric  with  <7anide  of  ethyl  (CN.CII'"). 
and  prolmbly  having  the  oonstttution  of  a  triamide,  N'.(C*n")'*'  (Hofmann). 
It  is  obtained  \y  the  action  of  potatttnm  on  that  compound  Hydride  of  ethyl  is 
OTolred  with  bmk  eflerreaeenoci,  and  a  yellow  riscid  residue  is  obtained,  consistiog 
of  cyanide  of  potassium  mixed  with  a  anull  qoaotity  of  cyanethine,  tnm  which  tho 
C3i-aoide  of  potassium  ma^  be  dissolved  out  by  cold  water.*  It  is  diifficult  to  acconaC 
for  the  erolntion  of  h^rdnde  of  ethvl  in  this  reaction,  unless  it  be  supposed  that  the 
potasnnm  ttsed  was  mixed  with  hydrate  of  potaraitun. 

Cjranethine  eryttallises  from  boiling  water  in  white  nacreous  scales.  It  has  no 
smell,  and  very  little  taste,  melta  at  190*^  C^  and  boili  with  partial  decomposition  at 
280*^.  Cold  water  dissolTea  it  reiy  cUghtly,  boiliii||  water  more  freely,  alcohol  in  all 
proportions.  The  aqueous  solatiou  has  a  faint  alkaline  reaction.  Cyanethine  may  be 
boiled  and  even  melted  with  potash,  without  alteration. 

Cranethino  dissolves  easily  in  all  aciit,  forming  salts  which  have  a  rough  and  slightly 
bitter  taste,  are  soluble  in  water  and  in  alcohol,  and  often  crystaUisable.  Tho  aeetutt 
gives  off  acetic  acid  when  evaporated  in  vacuo,  and  is  converted  into  an  insoluble 
nuic  salt.  The  hydrochlorate  and  the  si4}phate  iirc  very  soluble  in  water,  and  un- 
OTatallisable.  The  cUoronUuinaU,  (C»H»N»  HCl)«-Pt01\  is  obtained  by  precipitation  as 
a  reddish  yellow  crystalline  salt,  moderately  soluble  in  alcohol,  less  in  water,  and 
cryfltaUising  therefrom  by  evaporation  in  large  mby-coloured  octahedrons.  The  al- 
<«holic  solution  is  decompoaed  by  evaporation,  yielding  chloroplatinate  of  ammoninm. 
The  nitrate,  C*H"N'.HNO',  crj-stallises  in  largo  colourless  prisma,  which  are  pexfoctly 
neutral     The  oxalate  forma  fine  prismatic  crystals. 

CTAirXTBOUWa.  CTH'NO.  (CtoeE.  Compt. rend.  xliv.  182;  Ann.  Ch.  Pharm. 
ciL  354.) — An  organic  base  isomeric  with  cyanate  of  ethyl  (CN.C*H*.0),  produced  by 
the  action  of  gaseous  chloride  of  cyanogen  on  a  solution  of  ethyhite  of  sodium  in 
absolute  alcohol : 

C^H»NaO  +  CNCl  =  NaCT  +  C*H»NO. 

On  decanting  the  liquid  from  the  deposit  of  chloride  of  sodium,  and  distilling  it  in  tho 
watet^bath,  evanatholine  remains  as  a  syrupy  liquid  of  specific  grHvitj  1-127  st  16°  C, 
which  may  be  fi«ed  from  chloride  of  sodium  by  washing  with  wuU-r.  It  hits  a 
faint  odour,  like  that  of  sweet  oil  of  wine,  and  a  disagreeable  bitter  taste.  It  ia 
insoluble  in  water,  but  disadvet  in  aU  proportions  in  alcohol  and  ether.    It  ia  deeom* 

•  Thp  qnantitf  of  cyanrthin^  olrtatficd  by  th*"  prwM»  atioTp  d**nihrd  U  »»«frctnclr  »tnall :  H  might 
ftrtbapa  t><>  'tlMalnrd  more  rrttAWy  Uj  «  procr**  analoftout  lo  Ibst  bv  vhlch  Clo«s  ti«»  obt.iinAi  cyaph»> 
aliie  (y.  c].  *ii.  by  the  •ction  of  chloride  of  propionjrl  on  cyanatr  or  potuthitn, 
aC>H'OCI  +  SCNKO  -  3KCI  +  JCO»  •«■  C»H«»N>. 
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poasd  by  dlstillAtion,  lenring  a  mrbonaceoag  residue.  By  boiling  with  efrong  V}'^ 
ley  it  ifl  decomposed,  with  crolution  of  ammonia  (?  etbylamine).  WLeii  nitric  ondeji 
pHsaed  into  a  solution  of  the  banc  in  nitrir  add,  nitrogen  is  evolved,  and  a  cayUlliwiMs 
imbstance,  not  yet  examined,  is  deposited. 

Cyanetholine  dis8olvea  in  acids,  fonning  salts  which  aro  mostly  crjstallisafckL 
ehloroplatinate  is  yellow.     The  niirate  forms  with  nitrat«  of  ailrer  a  double  aalt 
■eparates  in  large  cryvtals.    The  guiphate  cryatt^HaeB  ia  uaail  priamB  whea  itm 
h  cTaponit^  over  oil  of  TitrioL 

CN  X 

crrAvaTSTXkA.MISB.  CN^H'-CHHK    (CToet  and  CanniBiaro,  Ata. 

H  S 
Cb.  rharm.  bcxvilL  228.)— Produced  by  the  action  of  goseoaa  chloride  of 
ethylamine : 

CNCl  +  ZCH'N  -  C»n^N.HCl  +  C'N»H». 

It  ix  a  weak  bat;**,  uniting  -with  concentrated  acids,  and  forminz  ootnpoimds  wlndl 
ar«  decomposed  by  water.  At  180°  C.  it  is  reaolved  into  cyandietbTUMnide,  wludb 
•disfila  over  at  that  temperature,  and  a  solid  amber-coloured  body,  which  TolntiliM 
vritbont  decomposition  at  SOD*'  C.  The  latter  b  a  fce])lo  baje,  C*N*H[»,  which  fonii 
with  hydrochloric  acid  and  dJchloride  of  platinum,  a  cryetn'line  compound,  nearij  in- 
Bohible  in  water,  but  easily  solobio  in  alcohol,  especially  when  heated,  and  separal^g 
in  fine  yellow  scales  on  cooling. 

C>/anduthylamide,  C'X'H*  =  ,  ^J.^,.  J  N.— Produced  aa  just   mentioned,  bj  tti 

deoompoaition  of  cyanethylamide : 

Abo  by  paasing  chloride  of  cyanogen  into  a  solution  of  diethylamine  in  aabydnas 
ether. 

It  is  a  colourless  liquid  which  boils  at  \9^  C,  and  is  deoompoaed  by  acids  ud 
alkalia  into  carbonic  anhydride,  water,  and  di ethylamine: 

N.CN.(C»H')*  +  2H'0  =  CO'  +  NH»  +  N(C«H»)ML 

CjaixlMbylamlde.  DiethyUmlnc, 

crajnc  ACZB.  CNHO  =  '^^lo,pr  ^^JJ'JN.    (Wohlcr,  Gilb.  Ann.  lixL9S; 

Ixxiii  15.  — Pogg.  Ann.  L  117;  v.  335;  Ann.  Ch.  Ph&rm.  xIt.  351. — Liebi^Ksita. 
Arch.  vi.  146;  8chw.  J.  xlviiL  376  I  Pope.  Ann.  xv. 561,  619.— LirbigandWohlen 
Popg.  Ann.  IX.  3GP. — Uaeyer,  Ann.  Ch.  Pharm.  cxiv.  166. — liriining,  thtd.  at, 
198.)— TIjis  acid,  originally  distinguished  by  the  name  of  cyanoua  add  (cyanurie  lai 
Wing  then  regarded  «a  a  higher  oxide  of  cyanogen  and  called  cyanic  aeiti),  wa*  fiM 
noticed  by  V«at|iielia  in  1818,  afterwarda  obtained  in  a  more  dednite  state  aad 
examined  by  Wo hler  in  1822.  It  is  produced :  a.  In  the  free  state:  1.  By  heitof 
the  iKtlymeric  compound,  cyanoric  acid,  CNMPO',  which  then  splits  up  into  8  alani 
of  cyanic  acid  2.  By  heating  urea  (cyunate  of  iimmonium)  with  phosphoric  anhydndf 
toiO^'C,  thfH  mixture  then  rising  spontaneously  in  temperature  to  130° — 140<*,  lad 
yielding  a  distillate  of  cyanic  acid  mixed  with  cyamelide  (Liebig).  3.  Br  the  A^ 
distillation  of  xanthamide  (Rulphocarbamate  of  ethyl),  which  then  splits  np  mtOBi^ 
captan  (sulpbydrato  of  ethyl)  and  Qranic  acid  (Debua) ; 

C»H'NO.g      =      (?H«3      +      CNHO. 

Xanlhamldo.  MercaptJin.  Cjnuiic  acid. 

4.  By  heating  uric  acid  with  peroxide  of  manganese  and  anlphurie  acid  (Doberetaer 
Gilb.  Ann.  Iiiit.  121).     6.  By  hcAting  menninc  urat-p  to  redness  (Wdhler.) 

L  In  cotnlunation  with  baxes  ,  1.  By  passing  cyanocen  gaa  into  solutions  of  U* 
alkalis  or  alkaline  earthn,  or  by  heating  an  anhydrous  alkaline  carbonate  to  lowrednaa 
in  cyanogen  gas,  or  with  an  auhydiMus  metallic  cyanidt.',  such  as  cyanide  of  meieoiy: 

2CN      +      M^O      =      CNMO      +      CNM 

Cjunote.  CjvUdc. 

3.  By  fusing  a  cyanide  or  ferrocyanide  of  an  alkiili-mf  tal  in  contact  with  the  air,  er 
with  easily  reducilde  oxides  (such  as  oxide  of  lead)  or  with  peroxides,  or  with  sotU 
quantities  of  nitrates.  3.  By  the  electrolysiB  of  a  sohition  of  cyanide  of  potasBan^ 
the  cyunate  being  then  formed  at  the  positiTe  pole  (Kolbe).  4,  By  igmting  nitre 
with  eicBss  of  finely  divided  charcoal.  6.  By  adding  melam,  ammcline,  or  amndide 
to  melting  pot.wh  hydrate  as  long  aa  it  dissolTes  (Liebig).  6,  By  heating  sobbiv 
cynniito  of  ethyl  wiih  potash-ley,  the  products  being  cyanate  of  potassium,  cjauideof 
potassium,  and  disulpkide  of  ethyl  (Briining): 

2(CNS.C^H*)  +  K=0  =  CNKO  +  CNK  +  Off^S*. 


CYANIC  ACID. 


191 


y.  A  flolutioo  of  DTM  mixed  triUi  nitrmto  of  nlver  and  oraponted,  yields  cyanate  of 

■ilTOK. 

^f/taratwn. —  Cyuitmc  acid,  prerionBly  dehydrated,  is  heated  is  a  amall  retort  to 
cCNBJMndM  xodncMy  aod  tho  eToWed  ▼>P?v  of  cyanic  add  ia  condensed  in  a  receiver 
■nmNndaa  with  s  fkvedag  miztoM  (Wdhler).  The  distillate  thua  obtained  is 
•h»V*  »<"*  ^  l**"  clouded  hy  the  preeoice  of  the  inaolnble  polymeric  compound, 
ifBBMlidtf  (C^'HK)'),  which  likewiM  snbUmM  in  the  neck  of  the  retort  toother  with 
noaltcred  ^aouric  aod.  The  loas  of  product  tho»  arising  may  be  diminished,  accord- 
iag  to  Bacycr,  by  hfting  the  cyanoric  acid  in  a  tube  bent  at  right  ancles,  and  laid  in 
ft  flombostaon-fimaoe,  in  tnch  a  manner  that  the  heat  may  readi  the  bend  duHng  tho 
vhole  of  the  proceM,  the  heating  being  commenced  at  the  bend  and  gradually  extended 
baekwKrds.  It  is  beat  also  to  pass  a  strsam  of  carbonic  anhydride  throngh  the  tube 
during  the  proceaa. 

Cyanic  add  cannot  be  separated  from  its  salts  in  the  ordinary  way  by  the  action  of 
aqueous  adds,  becaose  it  then  immediately  takes  up  water  and  splits  up  into  carbonic 
acid  and  ammonia.  It  may,  however,  be  obtainea  by  paseing  dry  hydrochloric  add 
over  dry  cyanate  of  silver  and  collecting  the  evolved  rapoars  in  a  cooled  receiver. 
(Wohler.  Pogg.  Ann.  v.  3«6.) 
)  iViopertMc— Cyanic  add  is  a  thin,  colourless  liguid,  which  reddens  litmus  Btronply, 
mnd  has  an  eztreondypangent  odour,  like  that  of  gladal  acetic  odd,  and  somewhat  like 
that  of  sulphnrons  acid.  The  v^wnr  exdtes  a  copious  flow  of  tear^  and  causes  violent 
■malting  in  the  hands.  A  drop  of  the  liquid  acid  instantly  produces  a  whit«  blister, 
atteodcd  with  severe  pain ;  indeed,  it  is  almost  as  dangerous  to  work  with  as  strong 
hydrofluoric  add. 

Cyanic  add  maj  be  regarded  either  as  a  hydrate  of  cyanogen   n  [  0,  or  as  oarbimide 

|t[N.    The  fiivt  of  these  formula)  exhibits  most  dearly  the  relations  of  cyanic  add 

to  Dassa  and  to  other  adds ;  the  latter,  its  deoompodtionB  in  presence  of  water,  the 
decompoBtions  of  the  cyanic  ethefs  by  alludis,  &c 

Dteom^otUumt.  —  L  The  liquid  add  changes  spontaneously  into  cy  am  elide  (in' 
soluble  cyanuric  add\  a  substance  which  is  polymeric  with  it,  the  change  taking  place 
the  more  quickly,  and  with  greater  rise  of  temperature,  in  proportion  as  the  substance 
is  less  cooled.  At  0°  C.  the  acid  chan(rc»  in  an  hour,  and  without  explodoQ,  into  dry, 
hard,  snow-white  cyamelide ;  but  if  it  be  removed  from  the  frigorific  mixfrore,  so  that 
it  may  asaome  the  ordinary  tempermtore,  it  soon  becomes  turbid  and  mill^,  begins  to 
boil,  thickens  to  a  pasty  consistence,  and  becomes  oontinnalJy  hotter,  till  it  explodes  ; 
the  paste  is  then  scutterrd  about,  and  changes  eompletel}'-  into  cyameUde.  At  ordinary 
toinjiornturM,  the  conversion  is  complete  in  five  minutes ;  it  likewise  tahiMplaoo  as 
quickly  under  increased  external  pressure  as  under  the  ordinaiy  pressarsv  Vapour  of 
cyanic  add  mixed  with  an  inactive  ^aa  appears  to  remain  unchanged  for  a  long  time 
(Liebig  and  Wiihler).  2.  The  acid,  mixed  with  water,  splits  np  spontaneously  in 
a  short  time,  at  ordinary  temperatonia,  into  1  at  carbonic  anbydrii^e  and  1  at. 
ammonia,  the  add  reaction  of  the  liquid  then  changing  to  an  alkaline  reaction,  and 
a  wmt^  of  ammonia  being  produced.    (Wdhler.) 

N.Ct).H  +  H»0  -  Cb.O  +  NH'. 

Whilst  one  portion  of  the  cyanic  add  is  thus  convprted  into  acid  carbonate  of 
ammoDiom,  another  portion  takes  op  the  ammonia,  driving  out  the  carbonic  anhydride 
with  efferveaoence,  and  forms  cyanate  of  ammonium,  which,  on  evaporation,  is  con* 
verted  into  urea;  and  a  third  part  of  the  add  is  converted  into  cyamelide,  and 
■eparates  in  white  flakes.  This  decomposition  is  likewise  attended  with  evolution  of 
h«at  (Liebig  and  Wohler).^  The  aqneons  add,  when  prepared  by  bringing  cyanie 
add  vapour  m  contact  with  ice,  in  a  receiver  surrounded  with  ice,  remains  nearly 
unaltorc<i  at  the  temperature  of  QP,  giving  off  but  a  tav  bubblee  of  carbonic  anhydride 
(Liebig  and  Wohler.)  A  considerable  quantity  of  water  retards  the  decomposition 
ef  the  acid  into  carbonic  acid  and  ammonia ;  the  presence  of  one  of  the  stronger 
adds  acceltratea  it,  by  virtue  of  the  affinity  of  that  add  for  the  ammonia  (Wohler). 
3.  The  aqueoos  acid  is  decomposed  hy  tulphi/dru:  ad<f  (Liebin).  4.  When  cyanie 
odd  vapour  is  passed  into  metktflie,  tthylic,  or  anjflie  alcoM,  the  corresponding 
allopbanic  ethers  (L  133)  are  producvd:  e.g. 


C^UK)  +  2CNH0 

Kl(i>llc  C;anlc 


alcah«l. 


acid. 


C'H*(C»H»)N='0'. 
AUophaojitD  of 


These  ethers  were  originally  mistaken  for  cyanic  artd  cyanuric  ethers  (Liebig  and 


192  CYANIC  ACID. 

Wohler).  6.  With  anhydrons  altUhydf,  cj'anic  add  foima  trigeaie  meid,  wift 
evolution  of  carbonic  anhydride  (Liebig  and  Wuhler.) : 

C«H*0  +  3CNH0  -  C*H'NH)«  +  C0«. 
AMebyde.     Cyanic  acid.     Tiisenic  add. 

6.  With  gli/c(^  glyeerin,  videuaenie  acid,  cyanic  add  reacts  in  the  nune  maimer  m 
with  alcohol  (Baeyer).  7.  Witii  valeraldthyde,  it  forma  a  eompoand  bomolapw 
with  tripenic  add.  8.  When  cyanic  acid  raponr  is  passed  iato  trUtkylfhtnUnt,  u 
change  of  composition  takes  place  in  either  lx)dy,  but  the  cyanic  add  ia  poiyiDCiiKd 
into  cyanuric  acid,  which  settles  down  as  a  white  deposit  (Hof mann,  Chem.  Soc 
Qu.  J.  xiii.  322.) 

Ht/drochforate  of  Cyanic  acid,  CNHO.HCL— When  diy  hydrochloric  add  gsi  ii 
passed  through  a  long  tube  containing  well-driod  cyanate  of  potaasinm,  great  bleat  ii 
produced,  and  a  colourless  liquid  distils  over.  This  reaction  is  always  aocompamed  Ijr 
the  production  of  oyamdide,  which  remains  behind  on  disaolring  the  chlonde  of 
calcium  in  water ;  antl,  if  the  cj-anate  of  potassium  be  not  kept  cooU  we  obtain,  xnsteid 
of  the  aboTe-mentioned  distillate,  nothing  but  a  mixture  of  cyumelide  aad^hydioehkrie 
acid.  Cyanate  of  silver  appears  to  be  better  adapted  for  the  prepazmtion  thap  the 
potasdum-salt  (Wohler).  The  compound  is  a  transparent  and  colonzlan-liinid, 
which  fumes  strongly  in  the  air,  and  smells  veiy  strongly  of  cyaiiic  and  hydrochlorie 
acid. 

Endosed  in  a  sealed  gloss  tube,  it  remains  unaltered  at  0^  C. ;  bat,  at  ordinaiy 
temperatures,  it  solidifies  in  a  few  days  into  a  crystalline  mass,  consisting  of  sal-sin- 
moniuc  and  cyamelide,  the  solidification  being  accompanied  by  the  evolntion  of  hig^ 
compressed  carbonic  and  hydrochloric  acid  gases  (Wifihler).  The  eompoand.  beattd 
in  open  vessels,  is  resolved  into  cyamelide  and  hydrochloric  add  g^as.  It  dissdns 
immediately  in  water,  yielding  a  solution  of  sal-ammoniac,  with  great  rise  of  tempe- 
rature and  violent  evolution  of  carbonic  anhydride : 

CNHO.HQ  +  H»0  =  NH^a  +  C0» 

Hence  it  immediately  begins  to  effervesce  when  exposed  to  moist  air,  or  when  breathed 
upon,  the  decomposition  going  on  till  nothing  remains  but  a  solid  masa  of  aal-ain- 
mooiac.  When  mixed  with  alcohol,  it  decompnscs  immediatdy,  with  great  evDlntioi 
of  hrnt.  into  hydrochloric  acid  and  allopkanic  ether.  (Wohler,  Ann.  Ch.  Fhaim. 
xlv.  357.) 
Cyanatea.    Cyanic  add  is  monobasic,  its  salts  having  the  formula  CNHO  cr 

CN  i 

xr '  0.    They  are  obtained,  sometimes  by  the  methods  indicated  for  the  finmation  of 

cyanic  add  (p.  191) ;  sometimes  by  bringing  the  aqueous  add  in  contact  with  the  base; 
sometimes  by  precipitating  an  aqueous  solution  of  cyanate  of  potassium  or  barium  witli 
a  heavy  metallic  salt  (^Wohler).  In  the  last  case,  however,  according  to  HaufleB 
and  Fresenius,  a  carbonate  is  sometimes  thrown  down  instead  of  the  cyanate,  e,g.  with 
lead  and  zinc  salts. 

Many  nranutes,  as  those  of  silver  and  mercuiy,  when  heated  in  the  diy  state, 
give  off  undecomposed  cyanic  add,  together  with  carbonic  anhydride  and  nitoogen  gMCf ; 
others,  as  those  of  the  fixed  alkali-metals,  remain  undecomposed  even  at  a  red  hnt, 
excepting  in  presence  of  moisture,  by  which  the  salt  is  decomposed,  at  a  moderate 
heat>  into  carbonate  of  ammonium,  fixed  alkaline  carbonate,  and  a  sabatance  r^ 
sembling  parary-anogen ;  the  same  decomposition  is  produced  even  bj  repeated  aolotiaB 
in  water  and  evaporation : 

2CJrK0  +  3HK)  =  KK)  +  2NH»  -•-  200*. 

Cyanates  are  decomposed  by  the  stronger  acids,  the  cranic  add  being  wholly  or  paitij 
decomposea  by  the  water  present,  into  carbonic  anhydride  and  ammonia,  so  that  tiu 
reaction  is  attended  with  efiervescence,  and  the  liquid,  if  subaequently  heated  with 
excess  of  potash,  gives  off  ammonia.  The  pungent  odour  of  cyanic  add  la  always  moic 
or  leas  perceptible.  Cvanates  detonate  when  heated  with  chlorate  of  potawim 
(Wohler).  Strong  sulphuric  add,  dilute  hydrochloric  add,  and  aqneona  o-r<tlif  anJ 
eliminate  firom  cyanates  scarcely  any  but  carbonic  acid,  retaining  the  ammonia ;  op- 
(allised  oxalic  acid,  or  concentrated  hydrochbric  add,  expels  cyanic  add,  which  is  then 
converted  into  cyameUde.  Dilute  solphuric  add  eliminates,  t<^ther  with  the  eaihonie 
add,  a  quantity  *of  nndeeomposed  cyanic  add  vapour,  which  may  be  recognised  by  its 
utenselv  pungent  odoor.  Some  acids,  as  acetic  add  (and  likewise  minenl  aadi. 
r.  g.  hytirochloric  add.  according  to  Campbell),  if  added  to  the  concentrated  solntioa 
of  the  potasnom-salt  likewise  throw  down  cirsrals  of  add  cyanurate  of  potswiw 
(Wohler).  The  odour  of  cyanic  add  is  slowly,  and  therefore  moat  pereeptibiT, 
•rolred  on  dinolTing  cyanate  of  potassium  in  water  containing  ctaam  trfLitsL 
(Btnafeld.  Sehw.  J.  Ix.  477.)  * 
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The  CTtaatM  of  thf  alkuli-inctali,  fttkaliM  darCli-meULlfl,  and  a  few  ethen.  are 
•olablo  in  ro/rr.  The  noliitiona  fonii  white  preripitatea  with  nitnta  of  llead  or  tUver, 
or  with  mfrntrom  nitratt,  gn-entsb-brown  with  uitmte  cd  eopptr,  and  browniah-yellow 
with  chloride  ot  aoid  (Wohler).  They  do  not  form  any  prtwipitate  with  Bta.niiou« 
or  tUnaie  ehlorida.  ferroiu  or  f«mc  ehlorido,  or  with  mercuric  chloride  Neither  do 
th«j  form  pnuaiao  bla«  with  iroa-aalta,  on  addition  of  saJphydric  acid  or  lulphate  o< 
•mniooium. 

Cyanates  of  Ammcnium.  ^Thb  ntutral salt  CKJTH'.O,  which  ia  ijomeric  with 

earbamide  (ttrea),  g«[^i  haa  not  be«n  prepared  in  the  solid  state,  but  may  bo  ob- 
tained in  Bolution  hj  deoompoaing  eyanata  of  nilrer  with  aqueoos  aal-ammoniae.  The 
filtered  liquid  oxhibita  the  reactiona  ot^  eyanate,  but  when  heated  or  left  to  evaporate 
apontaneooaly,  it  is  oonverted  into  ure«. 

Batie  tali.— When  rapour  of  mnic  acid  ia  inixed  with  dry  amnionia>(raa,  the  two 
eondenae,  with  great  erolatioo  of  heat,  to  a  snow-white  powder,  reiy  soluble  in  water. 
The  eolation,  when  evaporated,  giTea  off  ammonia,  nnd  deposits  urea.  The  dry  aalt 
nnderKoes  the  sama  tianaformation.  gradually  on  expoanre  to  the  air,  inunediatelywhea 
heated:  in  an  atmo^faere  of  ammonia  it  may  be  preserred  nnaitered.     (Wohler.) 

CyanaU  o/Amyl.—Sf  Ctanic  Ethbiu. 

Cjftnatt  of  Barium,  Ba''(CNO)*,  maj  be  obtained  by  paeeine  cyanogen  |^  into 
baiyta-water,  whereby  cyanale  and  cyanide  of  barittm  are  produced,  decomposing  the 
c^iiide  with  carbonic  acid,  and  remoTiDg  the  carbonate  of  barium  by  filtration 
(Wohler):  by  mixing  concentrated  aqueous  solntiooa  of  cyanatc'  of  potassium  and 
acetate  of  barium,  and  adding  alcohol,  which  throws  down  a  procipitate  of  cyu.aiitf<  of 
barium  (Bori  el  ins):  or  moift  easily  by  heating  cyanurat«of  buriuin  in  a  retort  till  it 
molt*  (Bereelius).  The  aalt  cryatalTisea  in  small  prisms.  Its  aqueooa  solution  ia 
deoompoaed  by  boiling  into  ammonia  and  carbonate  of  buriom. 

Cyanate  of  Calcium, — Obtained  by  paaatng  cyanic  acid  rapour  into  milk  of  lime. 
It  does  not  ciystuUiae. 

^  CyanaU  of  Copper,  —  Orecniah-brown  precipitate,  obtained  by  mixing  the  eolu- 
tuna  of  cyanatc  of  oarium  and  acetate  of  copper. 

Cyan  ml «  of  Ethyl.— 809  Oramc  Btbbrs. 

Cymnatt  of  Lead,'Ph''{C'SC>)*.  is  obt*iine<l  by  mixing  the  solutions  of  acetato  of  lead 
and  cyanate  of  potaaainm,  aa  a  white  precipitate  compoecd  of  fine  needles,  and  solnble 
in  boubg  water.  Whea  heated  in  an  open  Teasel,  it  takea  fire,  boma  with  sparkling, 
and  lettvea  metallic  lead. 

Cyanate  of  Afethyl.See  Cvasic  Etk«m. 

Cyanate,  Mereurou*. — White  precipitate,  obtained  by  adding  a  solution  of  the 
barium-aalt  to  mercurona  nitr«to. 

Cyan  ate  of  Potaatiuiru,  CN  KO.—  For  the  Toriooa  modea  of  formation  of  this  salb 
see  page  190.  It  ia  prepared  by  oxidising  the  cyanide  with  metallic  oxides  :  1.  Crude 
cyanide  of  potassium,  prepared  by  fusing  the  ferrocyanide  with  carbonate  of  pota««ium, 
and  containing  6  at  cyanide  of  potassium  to  1  at.  cyanate,  is  heated  to  the  melting 
poini  in  an  earthen  or  iron  crucible;  somewhat  mors  than  three  times  the  (juanfity  of 
pulverised  and  gently  ignited  litharoe  is  then  introduced,  the  fused  mass  being  stirred 
at  the  same  time ;  the  mixture  is  heated  till  the  metallic  lead  lias  collected  at  the 
bottom,  then  poured  out ;  and  the  flolidifled  stiline  mai»  b  palrerisod  and  boiled  with 
alcohol  aa  long  as  the  resulting  aolution  contijiues  to  yieltl  cyanate  of  potassium  on 
cooUng  (Liebig); 

CNK  +  Pb»0  -  CNKO  +  Pb*. 

According  to  Clemm  (Ann.  Ch.  Pharm.  Uvi.  382),  the  b<»9t  mode  of  preparing  cyanate 
of  potaaaium  is  to  add  16  parts  of  minium,  by  <3inall  portions  at  a  time,  to  the  fused 
aoa  somewhat  cooled,  but  atill  fluid  muss  of  8  pts.  ferrocyanide  and  3  nta.  nir- 
bonate  of  potassium,  taking  care  that  the  temperature  does  not  rise  too  high.  The 
crucible  ia  then  to  be  returned  to  the  fire,  and  the  contenta  stirred,  poured  out,  and 
left  to  cooL —  2.  A  finely-pnlTerised  mixture  of  ferrocyanide  of  potassium  and  per- 
oxide  of  mHngant>se  is  raised  to  a  very  low  red  heat  (if  the  heat  l>e  stronger,  the 
cyanic  acid  is  decomposed,  with  formation  0(  carbonic  anhydride  and  protoxide  of 
aangaoeae)  (Wdhler).  Or  an  intimate  mixture  of  1  pt.  er>'i!tulii»€>d  ferrocyanide  of 
potaasium  and  firom  li  to  2  pta.  manganese,  is  formed  into  a  ci>ne,  the  point  of  which 
IS  M't  on  Are  by  s  r«il-not  coal,  whereupon  u  slow  combuatioa  extends  throughout  th« 
Vol    II.  0 
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BUMS  (Liel:>ig).  OrVtter:  a  reiy  fiflely-polreriMd  and  intliiuto  mJxtare  of  S  ptt, 
dehydrated  ferrocyatiide  of  potossmm  and  1  pt  manganMW  ut  he«ted  to  low  reda«M 
on  an  iroa  plate,  vith  cooatant  stirring,  the  vaM»  grsduali^  burning  with  a  glinniHriBg 
light  TJtie  oxygen  of  the  raanganes*  ia  far  from  Bufficient  ft«r  the  fonxiatioa  of  the 
cjranate  of  potaflsium,  but  the  air  likewi«o  takes  port  in  the  action ;  if  more  mangucw 
be  ttsed,  &  considerablo  quantity  of  carbonate  of  potassium  ia  proilttc^d  (LiebigX 
— 3.  An  intinint«  Tnixture  of  3  pta.  dehydrated  ferrocyanide  of  potastium,  1  jpt.  dry 
c;irbonate  of  potassium,  and  ♦  pta.  very  finely  pounded  manganese,  is  gently  ignited  h 
a  crucible  till  a  sample  diMolred  in  water  after  cooling  no  longer  forma  Pnisaian  blu 
with  ferric  snlta.  The  muss,  when  cold,  la  finely  pounded  and  boiled  with  80  per  cent 
of  nlcohol  (BerzeliuBi,  Lrhrfmch).  —  4.  A  mixture  of  4  pt«.  ferrocyanide  crfj— *— 
aium  and  3  pta.  nitre,  ia  thrown  by  snudl  portions  into  a  red-hot  crueibleu 
detonation  then  tidcea  pljce,  and  there  rem&ina  a  black  mixture  of  mtdeet 
ferrocyanide,  charcoal,  ferric  oxide,  and  carbonate  and  cyanate  of  potaaaiua, 
quantity  of  the  latter  amountiQg  to  1  part    (Wobler.) 

To  obtain  the  cyanate  of  potaaaium  in  a  purer  state  firom  the  reaiJues  of 
proceaaea,  they  must  bo  boiled  with  alcohol  of  the  atiength  of  86  ^>er  eent.  &3  Ioq 
the  resulting  liquid  continues  to  yield  cyanate  of  potaaaium  on  cooling.  The  alooi 
mother-liquid  eerves  to  repeat  the  exhaustion  of  the  residue.  The  crjstiila  most  bi 
Bererol  timea  washed  with  alisohtte  alcohol,  presaed,  rapidly  dried  at  100**  0.,  or  ia 
viiouo  over  oil  of  Titriol,  and  pnserred  in  a  well-dosed  bottle,  because  the  aalt  ia  Terr 
easily  reaolyed  by  the  action  of  moisture  into  carbonate  of  ammoniiim  and  acid  corbonata 
of  pot^isaium.     ( B  e  r  z  e  li  a  s, ) 

(^^-anate  of  potassium  cryatalliaea  in  small  colonrTeas  lamlnie  and  needles,  similir  to 
those  of  chlorate  of  potaasium.  It  ftisea  at  a  temperature  much  below  redness  to  a 
transparent  and  colourless  liquid.  It  ia  inodorous,  and  tartes  like  nitre.  (Wohler) 
It  diasolrea  readily  in  water,  sparingly  in  cold  hydrated  alcohol,  more  easily  in  boiling 
hydrated  alcohol ;  in  absolute  alcohol  it  is  insoluble.     (Wohler.) 

The  dry  sidt  is  not  decomposed  by  ignition ;  but  if  tvatfr  be  dropped  npon  it  at  thil 
temperature,  it  ia  niptdly  resolTed  into  carbonate  of  potassium    and   carbonate  «f 
amiiioiiiuim.     The  Bamc  chiinge  takes  place  when  an  aqueous  solntion  of  the  lalt  k 
eraporated  in  the  air,  either  at  the  ordinary  or  at  a  higher  temperature  (Wohler): 
2CNK0  +  4H-0  =r  CO'K*  +  CO*.(NH«)«. 

Et/droqen  gat  passed  over  the  red- hot  salt,  abstracte  all  the  oxygen  and  redi 
cyanide  of  potassium;  but  the  water  thereby  produced  decomposes  another 
the  cyanate  of  potafisinm  into  carbonate  of  potassium  and  carbonate  of  t 
(Wohler).    Charcoal  at  a  rwi  heat  likewise  eonverta  cyanate  of  potassium  into 
(Gm  eli  n).     Potamum  dissoWes  quite  quietly  ia  melting  cyanate  of  potassium, 
a  mixture  of  potash  and  cyanide  of  potassium ; 

CNKO  +  K'  =  CNK  +  K'O. 

Red-hot  iron-filings  form,  with  the  salt,  a  mlxtnre  of  cyanide  of  potassium,  farc- 
cyanide  of  potassium,  and  protoxide  of  iron  (Wohler).  Sulphur  fusee  with  the  smI^ 
forming  a  mixture  of  sulphocyanatc,  Bulphide,  and  sulphate  of  potassiaffl  (Wohler). 
In  this  case,  other  decompoaition-nroducta  are  probably  formed  at  the  same  tine.'— 
Bxtlphuric  acid  converts  the  meltea  salt  into  a  yellow  mixture  of  sulphide  and  salsh^ 
ey&n»te  of  potassium,  a  small  quiintity  of  sulphydrste  of  ammonium  being  soUlnM  ll 
the  flame  time  (Wohler.)  Dry  hydrochloric  a/yid  go*,  passed  over  the  heated  adl, 
produces  eal-ammoniae  (ind  chloride  of  potassium  (Wohler);  probably  alao  phot> 
gene  ia  formed  at  the  same  time : 

CNKO  -I-  ma  «  Ka  +  kh'CT  +  cao. 

Wlien  cyanate  of  potoBsium  ia  heated  with  chloride  of  hmsoyl^  carbonic  anhydride 
IB  evolved,  and  chloride  of  potassium  ia  formed,  together  with  cyaphenine,  a  ciys- 
talline  base  polymeric  with  cyanide  of  phenyl  (beMonitrile),  and  a  amaU  quantity  of 
•n  oil  boiling  at  l&O^  C,  whida  appears  to  be  cyanide  of  phenyl : 

SCNKO  =  3KC1  +  SCO*  +  C"H»N». 

I'yaphMilna. 


bcniOyL 


CyauKie  of 
pota**lttni. 


A  similar  reaction  takes  place  with  ch/oridtf  of  acetyl,  carbonic  anhydride  being  eTolred 
and  a  crystalline  base  produced,  probably  cyameth in e,  C*H*N*  (p.  290).  (Clocs 
Ann.  Ch.  Pharm.  ecv.  27.) 

Cyanate  o/  Stiver,  CNAgO,  is  obtained  by  decomposing  cyanate  of  potaaaiaiB 

with  nitrate  of  silver,  as  a  white  precipitate,  of  specific  gravity  4*004,  and  soBunrlnt 

soluble  in  boiling  water.     Dilute  nitric  acid  dissolves  and  immediately  deoompOM*  it 

L  When  heated^  it  melts,  boms  with  incandfiscence,  and  leaves  charcoel  and  aaetalhe 
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mim  MmCaiBing  nitrogen.  It  dimolTn  in  amznonia,  the  solution  jitilding  hf  •Viptwm- 
tioD,  lftj;g«  wmitranfiiparrnt  ciyBtailine  laminaB,  coosuting  of  Amnionio-cjrsnftte  of 
■  ilrer,  or  cjaoate  of  argentammonium.  When  expoaed  to  the  air  or  immersed 
in  irater,  tb«y  give  up  their  ammooia  and  become  opaque.     (Wo bier.) 

Cyanatt  of  Sodium  u  cryKtaHisaUe. 

emanate  of  y/friitm.— Anhydroo*  salt,  ioBokblr  in  watfr  and  in  alcohol;  aepa^ 
rates  after  a  while  from  a  mixture  of  the  alcoholic  solutions  of  cyanatu  of  potassium 
•nd  as  yttrinm-aalt.     (Berlin.) 

CTAJnc  STBSSS.  These  compounds,  the  cjanates  of  the  alcohol- radicle*^ 
■re  obtaiofd  by  difitilliufr  cyannte  of  potassium  \nth  ethyl-Bulphate  of  potasainm, 
or  by  the  a^ftion  of  the  ioaid<^  of  the  alcohol-ratlidea  on  cyanato  of  silver.  They  are 
Tolatiie  liquids  which  gire,  vith  potash  and  with  ammoniu,  reactions  analogous  to 
those  of  cyaoic  acid  (cyanato  of  hydrogen),  j-ioldin^,  in  the  first  caite,  carbonate  c/t 
potaeaium,  and  an  ammooiA  io  which  1  at  bydrogeu  is  replaced  by  an  alcobol-radiclr, 
and  in  the  second,  a  carbamide,  or  urea,  in  which  1  at.  hydrogen  is  similarly  replaced. 

Cyanate  of  Jllyt,  C«n»NO  -  CN.CTI'.O,  or  K.(fO.C»H».  (Cahours  and 
BofmanOf  Phil.  Trana.  1867,  466.) — Produced  by  the  action  of  iodide  of  ullyl  on 
eranate  of  eilver.  The  heat  inoduoed  by  the  reaction  is  sufficient  to  distil  over  nearly 
the  whole  of  the  Tolntilo  proaoct  It  is  a  transparent  colourlce-n  liquid,  haviug  a  pun- 
gent and  intensebr  tenr-exciting  odour.  It  boila  at  82°  C.  Vupour-d.Ti«ity  —  3-046 
(ezp.)  —  2'88  (eaic.  2  Tola.)     It  dissolTes  easily,  with  rise  of  tcmpcnitiire,  in  ammornio, 

and  the  solution  when  eraporated  j-ields  eiTstals  of  allyi-urea,  hi/c*hm  ( ^'  ^'*^ 
ftht/taminf,  in  like  manner,  it  yields  ethyl-allyl-orea.  Distilled  with  potash  it 
yit^lda  allylaminc,  N.H».C«H». 

Cyanate  of  Amyl,  C^"NO  -  CN(C5»H")0,  or  N.C"O.C*H".  (A.  Wurta,  Ann. 
Cb.  Phya.  [3]  zlii  43.)  —  Prepared  by  heating  2  pta.  of  amylsulphate  with  1  pt. 
eyanata  of  potasnnm : 

C»H'«.K.SO*  +  Clf.K.0  -  K»SO«  -»■  CN.C^".0. 

If  a  amall  quantity  of  mercurr  be  added  to  the  mixture,  it  may  be  distilled  rapidly 
orer  the  open  fire.  The  distillate,  if  rich  in  cyanato  of  amyl,  is  tolerably  mobile. 
When  purified  by  rectification  from  a  small  quantity  of  a  leen  Tolatiie  compound,  it 
boila  at  about  lOO"  C.  With  ammonia  it  yields  amyl-urea,  N'.(C0)".C*H"M1«,  and 
when  heated  with^<<uA  it  yields  amylamine,  N.lf'.CH". 

Cymnate  of  Ethyl.  Cyanic  rthtr.  C'lPNO  =  CN.t7H».0,  or  N.CO.CTI*. 
(WurtB,  foe.  W/.V— Obtained,  together  with  c;j'anuric  ether,  by  distilling  cyanate  of 
fiofassium  with  the  etliylaolphate.  The  cyanic  ether  is  casDy  separated  by  rectifica- 
tion, being  TeiT  volatile,  whereas  the  cyanuric  ether,  which  has  a  triple  atomic  weight, 
does  not  boil  till  raised  to  a  very  high  temperature.  Jt  may  be  purified  by  scTeral 
TCCtifieatioas  over  chloride  of  calcium. 

Cyanate  of  ethyl  is  u  transpttrmt.  colourless,  xcry  mobile  liquid,  of  specific  gravity 
0*8889,  and  having  a  very  high  refracting  ixr«-er.  Uoils  at  60- C.  Vaponr-den- 
mty  —  2*476  (exp.)  —  2-46b  (calc  2  vols.)  The  vapour  is  very  irritating,  and  excite* 
a  copious  flow  of  tears. 

I>,comjifmtiont.—\.  Cyanate  of  ethyl  is  decomposed  by  fonUr  into  carbonic  anhy- 
dride and  diethyl-earbamide: 

2(N.(T0.C»H»)  +  H»0  -  CO*  +  N».d'0.(C«H«)».H«. 

2.  It  dissolves  in  aoneons  offlfflonid,  the  solution  yielding  by  evaporation  beautiful 
prisma  of  ethyl-carbamide: 

N.C6.C*H»  +  KH»  -  N*.Cb.C»H«.H». 

With  fthylAminr,  pheny^amine,  amine,  &c.,  it  yi«*lds,  in  like  manner,  earbamides  in 
which  2  at  hydrogen  arc  replaced  by  alcohol-radicles,  t.g. 

N.db.CH'  +  NJI*.C»H»  -  N».(fo.cn».c«n».H". 

Cfrntwt*  of       Pheojlamlne.  I'henyl-cthjl-orbktnhla. 

elh|U 

3.  Boiled  with  potaA  in  a  sealed  tube,  it  yields  carbonate  of  potassium  Jind  et  hy  la- 
mine: 

N.Cfi.C*H*  +  2HK0  -  C(5.K'.0»  +  N.CHMI*. 

CjranMenf  (irbnnito        Etb)laninf^ 


•khyl. 


of  iHHA-tliim. 
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4.  Hfltttad  in  like  niaimcr  with  anhydrous  tthylaU  o/Modtum  {oe  poUurinm)  it  jitUt 

triethjUmine: 

N.C<5.C*H»  +  2(CH».K0)  -  C(5.K».0'  +  N,(C»H*f. 

SometimeB,  howerer,  a  difibrent  maction  takra  place,  yielding  carbotri^thyltriatmnM 
other  prodocta  (Hofmann,  pp.  554.  560).— 6.  Cyanate  of  ethyl  nii«d  with  ^  ' 
aeetie  add,  yields  carbonic  anhydride  and  ethylacetRmiJe  : 

N.CO.CH»  +  Cm'O.H.0  »  C0»  +  N.(C-H»0)'.C»H". 

6.  Heated  to  180°  0.  in  a  Beoledtuhe  vrithaxtio  anhifdridf  it  yields  etbyldiaceta- 
mide: 

N.Cb.CH*  +  (CHH))^0  -  C0«  +  N.(CH»0)*.C«H». 

7,  When  cyanic  ether  is  mired  with  concentrated /arfltie  acid,  violent  eroltttion  of  ev- 
bonic  anhvdrvJe  takes  pluce,  and  if  the  tube  be  then  eealed  and  heat«d  to  100<>C, 
ethyl-fo'rmamide,  C*H'NO  «  N.CHO.CH'.H,  ia  produ«»d. —  8.  With 
cyanate  of  ethyl  forma  ethyloarbamate  of  ethyl  (ethyl-urethane): 


N.CO,C«H»  +  CH'-H-O  -  N.H.C^H*.(C0)''.C'H».O. 


J 


It  docs  not  act  upon  ether,  even  when  stronglj  heated  with  it  in  sealed  tnhes  for 

days. — 9.  Cyanate  of  ethyl  dissolves  urea  (carlmmide)  at  a  moderate  heat,  and  the     

tion,  heated  to  100®  C,  for  about  a  quarter  of  an  hour,  and  then  left  to  cool,  eoIidif«9 
to  a  crystalline  maM,  chiefly  conaiating  of  the  compound  C'H"N*0'.  formed  by  ti« 
union  of  1  at.  earbumide  (CH*N*0)  and  2  at.  cyanic  ether  (C*H'NO).  Tbia  componsi 
wliich  crystoIliBua  from  hot  water  in  white  silky  needles,  and  dissolves  readily  in  aJoobol, 

(CfO)'  ) 
eifacr,  and  dilute  acida,  is  dietbyl-tricaTbo-tetramidet  (C'H*)'>N*;  it  contaim 

H*     ) 

also  the  elements  of  diethyl-eyanuratp  of  ammonium,  /(jt^»\»  jfH«  (O*;  hot  it 

dofs  not  exhibit  the  charni'tcrs  of  an  amraomum*Balt,  not  yieldinj^  diethylcyanurie 
acid  when  treated  with  tninenil  acids,  or  beinp  precipitated  by  dichloride  of  platinost, 
or  {jirmg  olF  arnraonia  when  treated  with  cold  pofasb,^  in  which  indeed  it  diaeoivi^ 
without  dt'coiTipoaition  ;  it  \s  only  when  boiled  with  potash  that  it  suffers  deoomposi- 
tion,  beinp  then  rt^aokcd  into  2  at.  amraooia,  "A  at,  ethylamine^  and  3  at.  earbonie  as- 
hy dride  (Hofraann.  Proc.  Roy.  Soo.  xi.  274).— 10.  Cyanate  of  ethyU  mixed  with 
drw/A^/pAcMrpAtnc,  is  gradually  coDTerted  into  cyan  urate  of  ethyl;  th«  odour  of 
the  cyanate  soou  disappears,  and  if  the  liquid  he  then  treated  mth  dilute  hydroehlorve 
acid  to  remove  the  poospborus-baso,  the  oQ  which  tloata  on  the  anriiBce  quicklr 
BoUdifies  to  a  cryatalline  mass  of  cyanuric  ether.  (Hofmann,  Chem.  Soc  Qu.  J. 
ziiL  322.) 

Hi/drocMoratf  of  Ci/anfc  Ethrr,  CH'NO.IICL  —  Obtained  by  passing  diy  bydio* 
chloric  acid  gas  into  cy&mc  ether,  or  by  Lhe  uctioQ  of  that  gas  on  aiethyl>carlMmid<: 
C»H"N»0  +  2Ha  =  C»H»NO.HCI  +  CHTf.HCl. 


DIsthTl- 
cutMmJde. 


Hjrdrorblorate  ot 
eranic  vth«r. 


ll*<)roclilMr«M 
ofrt 


lethflarDine. 

It  is  Ukewiflo  the  chief  product  of  the  action  of  chlorine  on  ethyl-carbamide.  It  i>  t 
liquid  whidi  has  a  pungont  tear-exciting  odour,  boils  at  95**  C,  and  is  iinmediatitJy 
decomposed  by  water,  yielding  carbonic  anhydride  and  hydrochlorate  of  ethylamiBe. 
(Habich  and  Limpricht,  Ann.  CL  Pharm.  ct.  395.) 

GtfanaUofMethrfl  O^H^NO  =  CN.CH'.O,  or  N.Cb.CIP.  (Wurtz,  loc.dt.)- 
Obtained  by  beating  2  pt«.  of  crystallised  and  well  dried  mclhyl-sulphate  of  potasiiviq 
with  1  pt.  of  cyjinate  of  potassium,  coiicctiiig  the  distillate  in  a  well  cooled  rrcriTcf; 
and  rectifying  to  sepamtw  the  cyanate  of  methyl  from  the  much  loss  vohitile  cyunh 
rate  formed  nt  the  same  time.  It  is  a  ver^-  volatile  liquid,  boiling  nt  90*^  G,  and  emit- 
ting highly  pung^Tit  choking  vapours,  Wlien  sealed  up  in  a  tube,  it  changes  in  afrv 
weeks,  and  often  indeed  in  a  few  hours,  into  crystallised  eynnurate  of  methyl.  It»re» 
actions  with  potash,  ammonia,  water.  Sec,  are  analogous  to  those  of  cyanate  o{  ethyl 

Ctjanate  o/Naphthifl,  C'H'NO  »  CN.C'H'.O,  is  obtained,  together  with  other 
products,  by  the  action  of  phosphoric  anhydride  on  dinaphthyl-carbamide,  (V.  Hall, 
Proc,Roy.  SocLs.  366.) 

Cyanate  of  Phenyl,  Anilocyanie  Acid,  dtrbanU,  Afdlcarhamide^  Phtnyl-cari^ 
mide,  eH»NO  =  C5.C«H».0  ^  N.CCT.C'H*.— This  compound,  diacove«fd  by  Hof- 
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snail  a  la  1860  (Ann.  Ch.  Pharm.  Izxir.  91  was  oHgtnallr  obtained  hj  the  drj 
distillation  of  meknorimide  (C"H'  'N*0»).  This  substanbe,  when  heated,  Buffen  a  tmt 
eoBipliratMl  decomposition,  giving  off  Ure«  quantitiea  of  carbonic  oxide  and  a  gmaU 
qaiiotitv  of  carboDio  anhydride,  and  yielding  a  distillate  of  c^'Hnute  of  phenyl  mixed 
with  drpbrnyl-carbamide  (see  UaLAXoxtirms).  The  latter  cr}-KtnlliHei»  out  as  th« 
distillate  eoola,  and  on  filtering  the  liqoid  and  rectifying  in  a  perfectly  dry  app&ratoa, 
th«  cyanate  of  phanyl  ia  obtained  pore.  Cranate  of  phenyl  is  also  produced  in  amaU 
qaaotity  by  the  dry  distillation  of  melanilina  (Hofmann,  loc.  ciL)  More  recently 
Uofmann  has  fonnd  that  it  may  be  obtained  by  the  action  of  pho^horic  anhydride, 
chloride  of  ainc,  or  atroog  hydrodiloric  acid,  on  dipbenyl^carbamiilc;,  the  aubatance  then 
aplitting  up  into  pheaylamine  and  cyanat«  of  phenyl : 

N'.c6.(C«H»f.ir  -  N.C'H'.H'  +  N.C6.C?«H», 

Dl{ihei])-l-rart>a-  Phenj^UiniUL  CynniiM  of 

Dildc  phenyl. 

the  decomposition  bein^  Dreeisely  analofrona  to  that  of  carbamide  (area)  into  ammonia 
■ad  cyanic  acid.     As  dipnenyl-carbamide  is  difiBcnlt  to  prepare,  it  may  be  replaced  for 

thia  piarpoee  by  diphenyl-oxamidi*,  N.C^O*.(G*H*)*.H*,  irhich,  nnder  the  inflaencc  of 
phoaphorio  anhydride,  splita  up  into  carbonic  oxide  and  dipbtnyl-earbamidev  ^Hof^ 
mano,  Proc.  Eoy.  Soc.  ix.  274.) 

Cyanate  of  phenyl  is  a  thin,  transparent,  colourless,  strongly  refracting  liquid, 
heaTier  than  water,  and  boiling  between  IT  a-'  and  180°  C.  Its  vapour  has  an  extremely 
powerfiil  odour  of  cyanogen,  bydtocyaoic  acid,  and  phenyluroine  together,  exciting  a 
copious  flow  of  team,  and  prodocing  a  feeling  of  suffocation  when  inhaled. 

In  contact  with  actd*  or  alkali*,  cyanat«  of  phenyl  takes  up  1  at  water,  and  ii  T»* 
Bolred  into  phcnyLuniae  and  carbonic  anhydride : 

C'U'NO  +  H»0  =  C'U'N  +  C0». 
With  ttrong  ttdphuric  acid^  the  producta  are  carbonic  anhydride  and  phenyl-sulpbamia 
acid: 

(7H*N0  +  H«SO«  -  C0»  +  C^H'NSO'. 

With  wtieTf  cyanate  of  phenyl  yields  carbonic  anhydride  and  diphenyl-cafrbamida: 
2(N.C"0.C»H»)  +  HK)  -  C0«  +  N».Cb.<C«H»)'.H». 

Cyannle  ol  phenyl.  Dtpbrayl-carbamide. 

With  ammonia,  it  erolTes  great  heat,  and  immediately  soUdifles  in  the  form  of  phenyl* 
carbamida; 

N.Cb,C?»H»  +  NH"  -  N'.cS.C'H'.m 

With  fJunyUtmine,  it  alao  baoomei  heat«d,  and  yields  a  solid  maai  of  dfphenyl-car- 
bamida  t 

N.db.C^  +  N.C«H».H«  -  N«.C&.(C^»)'.H«. 

Otbar  ocganle  tNUwa^  auch  as  heneyhtminr,  chinoUnf,  cumenylamiw,  &c,  likewise  form 
with  cyanate  of  phenyl,  solid  products  which  appear  to  be  analogous  to  diphonyl-car- 
bamide.  In  contact  with  tnitkt/lpho^pkinf,  it  u  conrcrted  into  solid  c}-anuxate  of 
phenyl     (Hofmann,  Chem.  Soc.  Qu.  J.  xiii.  322.) 

Cyanate  of  phenyl  dissolves  in  iiuthytic,  eihyltc,  amylic,  and  pkenjflie  alcohoU,  the 
liquid  becoming  hot,  and  depoeitiug,  after  a  while,  splendid  crystals,  which  melt  at  the 
heat  of  boiling  water,  are  insoluble  in  water,  but  diasolra  in  all  proportions  in  alcohol 
and  ether.  Tlio  bodies  thus  obtained  hare  not  been  analysed,  but  they  appear  to  be 
the  phenyl-carbamates  of  methyl,  ethyl,  &c.     (Hofmann.) 

CTAVZnss.  Compounds  of  cyanogen  (CN,  or  Cy),  formed  on  the  hydrogen-typa 
pw^  or  more  generally  nHU.     The  following  are  examples : 

Cyanide  of  Hydrogen  (Hydrocyanic  acid)   .         .                 ,  H.Cy 

Cyanide  of  Potasvum KCy 

Cyanide  of  Ethyl C»H».Cy 

(^anide  of  ilercury HgTy* 

Cyanide  of  Zinc  and  Potassium Zn"!^ 

Cyanide  of  Ferricum  (Ferric  cyanide)  ....  (Fe')''C3r^ 

Cyanide  of   Fotaaainm  and  Fcrroaiua  (Ferrocyanida    of  I  K*iri-« 

Potassium) .        .        .f  Fo''p'^ 

Cyanide  of   Potaaaium  and    Ferricum    (Ferricyanide    of  I    K*     fp-is 

Potaamum) i  (FeTr^ 

Cyanide  ol  Potaaaiam  and  Cobalticum  (Cobulticyanide  oft     K*    \  p.  | 

PotaMium) H^^oT'T^ 
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GyABldeH,  KeUiUle.    These  eompoandB  aro  not  ibmid  in  natore  remdy  forac^ 

bat  are  produced  in  tmnioroos  proceases  : 

1.  A  few  tnctuLs,  potojesium  among  the  number,  ore  conrerted  into  cynidw  wfaoi 
heated  in  cyanogen  gas  or  vapour  of  hydrocyanic  acid,  in  the  latter  caae  with  sepnratias 
of  hydrogeD.— 2.  Cyanogen  gas,  passed  over  the  heated  hydrates  or  carbomfttei  of  llie 
aUtmi-meta-lB,  fomu  a  mixture  of  cyanide  and  cyanate  of  the  metal ;  it  acta  in  the  oaaw 
manner  on  solutions  of  the  fixed  alkalis,  excepting  that  a  brown  sabatance  lik»  JMBI- 
cyanogen  is  also  formcxi. — 3.  When  nitrogen  gas  ia  passed  orer  a  inixtar«  of  nhMnwl 
and  hydrate  or  carbonate  of  potassium  at  a  bright  red  heat,  cyanide  of  potaJsiBia  it 
formed  (Fowncs,  J.  pr.  Chem,  xivi  412^  Wohler,  Jahreaber.  f.  Chem.  ISHa, 
p.  550;  Bieckhen,  Ann.  Ch.  Pharm.  lixix,  77;  Delbriick,  ihid,  Ixir.  3M.— 
Bun  sen.  Reports  of  the  Britijsh  Aasociation,  1846,  p.  185).  Cyanide  of  potaannot  aias 
exudes  from  mast'fumacca  in  which  iron-ores  are  smelted  with  chaiooaL — 4.  Cyasida 
are  formed  abtmdantly  when  nitrogenous  organic  {.'omponnda,  or  the  nitrogenous  diar- 
coal  obtained  from  tlwm,  are  ignited  with  fixed  tdkjJis,  This  is  the  principal  method 
by  which  cyanides  ore  prepared  on  the  large  scale,  to,  ferrocyauide  of  potaanss, 
by  fusing  carbonate  of  potaasium  with  iron  filings  and  waste  animaJ  matter.  Tka 
Biime  reaction  is  used  for  the  detection  of  nitrogen  in  organic  compoTmila  (i.  2i6\. 
6-  Cyanides  are  aleo  formed  by  igniting  nitrate*  or  nitrites  with  raj^ajiic  snbstaimb, 
either  nitrogenous  or  non-nitrogenous :  thus,  nitre,  fosed  with  excess  of  tarlrata  a 
flcefata  of  potassium,  yields  a  considerable  quantity  of  cyanide.  —  6.  Cyanide  of  am- 
monlum  is  formed  when  a  mixture  of  ammonia-gas  and  carbonic  oxide  ia  paand 
tiirougb  a  red-hot  tube : 

21^"  +  CO  =  CX.NH*  +  HK> : 

also  when  ammonia-gas  is  paaaed  over  crganio  bodies,  charcoal,  or  eren  graphite^  at  a 
red  heat,  the  reacb'on  being  attended  with  elimination  of  hydrogen ; 

2NU*  +  C=  CN.NH'  +  H', 
or  Bomctitnes  according  to  Euhlmann,  of  marsh-gns : 

4NH'  +  3C  =  2{CN.NH«)  +  CH«. 

7.  pyanidea  aro  formed  one  &om  the  other  by  double  deoompositioo.  fiydzoejanie 
acid  converts  metallic  oxides  into  cyanides,  sometimes  anhydrous,  as  in  the  case  of 
silTer,  but  more  pcnerally  hydrated.  To  convert  an  aqueous  alkali  ^which  should  fcs 
free  from  carbonic  aoid^  complct^'ly  into  cyanide,  hydrwyanic  acid  must  be  addA  to  it 
till  it  no  longer  precipitates  sulphate  of  magneeiiun.  Soluble  cyanide*  treated  with 
nitrate  of  silver  yield  a  precipitate  of  cyanide  of  silver,  and  the  precipitate,  digcatrJ 
with  the  aqueous  solution  of  an  alkaline  protosulphide,  yields  sulphide  of  silver  and 
cyanide  of  the  aUtali-metaL 

Propertui  and  Rfoctions. — The  cyiinidea  of  the  alkali-metals  are  easily  sotnUa  in 
water,  but  most  cyanides  of  the  bcaTy  metals  are  insoluble ;  cyanide  of  mercuiTt  Iww- 
everj  is  soluble.  The  cyanides  of  the  alkali-mftols,  cyanide  of  mercury,,  ancl  masj 
doable  cyanides  containing  it,  are  soluble  in  iilcuhoL  None  of  the  metallic  (Tvaidei 
•re  soluble  in  ether. 

Some  cynnides  are  cryBtnllisablG,  Some  ore  colourless,  others  exhibit  Tarions  coIohbl 
The  cyanides  of  the  alkali-metals  in  the  fitate  of  aqueous  solution,  exhibit  a  stRMf 
alkaline  reaction,  and  have  a  bitter  and  alkaline  taste  ;  the  solution  remains  nlfaHn^ 
even  when  mixed  with  a  very  large  excess  of  hydrocyanic  acid. 

Cyanide  of  ammonium,  or  hydrocyanate  of  araraooia,  volatilisea  ondecomposed  wbm 
heated.  The  compounds  of  cyanogen  with  the  alkali-meti»I«  sustain  a  red  heat  witlieit 
decomposition,  proidded  air  and  moietare  be  excluded.  The  cyanides  of  many  of  tbe 
heavy  mctalsj,  c.  q.  lead,  iron,  cobalt,  nickel,  copper,  &ic^  under  these  ci^cumstaGeH^ 
give  off  dH  their  nitrogen  in  the  form  of  gas.  and  ore  converted  into  a  compound  « 
rQixture  of  1  at,  nietiil  and  I  at.  ciirbon;  CNM=CM  +  N. — Cyanide  of  mercury  is  rf- 
solved  into  met^ixHic  mercury  an<l  cyanogen  gas ;  and  cyuniiie  of  silver  gires  off  hilf 
its  cyanogen  in  the  gaseous  form,  tbe  other  half,  perhaps  converted  into  parac^anogei, 
remaining  combined  with  the  silver. 

All  cyanidea,  when  heated  in  the  presence  of  vpater,  are  destroyed,  those  of  tin 
heavy  metals  generally  giving  off  carliouic  oxide,  carbonic  anhydride,  and  anunottia, 
and  leaving  the  metal,  together  with  a  nnoll  quantity  of  charcoal.  The  cyanidAo/ 
the  nlkalt-metals  are  converted  by  continued  boiling  with  water  into  animoniacal  gM 
and  alkaline  formates,  e.  g. : 

CXK  +  2IP0  -  NH»  +  CHKO». 

The  cyanides  of  some  of  the  alkali-met-als,  t.  g.  cyanide  of  potaBsiuni.  when  healed 
in  contact  widi  the  air,  first  t^e  up  I  at  oxygen,  and  are  conTerted  into  CTsaalts 
(CNKO),  and  these,  when  further  heated,  give  off  nitrogen  and  half  the  carboaje 
anhydride  formed,  and  are  converted  into  alkaline  carbonates.     The  cyanide*  of  tbc 
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bmry  mctalt  take  fire  rendily  when  heated,  yieldini;  nltrocen,  carbonic  ftBhydride, 
•nd  metAl  at  oxide.  OTaoldoa  detonate  bj  percoasion  with  chlorat«  of  potouiom. 
(Johnston,  Sehw.  J.  ItiL  879.) 

CUoriiu  gas  Aeeompcmea  many  cyuiidei,  eooTCrttng  tht^ra  into  cblorifl<>s.  nnd  liberat- 
ing cyanogen,  chloride  of  cjronogen,  cither  fixed  or  voliitile,  and  a  yellow  oil,  tho  pro- 
docta  TUTUig  according  to  th^  prcjtcnoe  or  absence  of  light  and  wat«r,  the  nature  of 
the  cyanide,  and  the  proportion  of  chlorine  present  t  t,  g. 

Hg"Cy«  +  Cl«  -  Hg"Cl»  +  2Cya. 

Chlorine,  gradoaUy  introduced,  conTerta  nranide  of  lead  or  cyanide  of  silver  into 
metallic  chloride  and  free  cyanogen,  which  docs  not  take  up  any  chlorine  till  all 
cyanide  ia  decomposed  (Lie big.  Pogg.  Ann.  X7.  671).  Aqneoua  chloride  of  /har  acta 
upon  cyanide  of  eilver  with  rloiont  effenreacenoe,  evolring  carbonic  acid  and  nitTogcn, 
together  with  a  small  quantity  of  cyanogen  ;  bnt  no  cyanic  acid  ia  formed  (Lieblg). 
Io3iru  forms  metallic  iodide  and  cyanogen,  or  iodide  of  cyanogen.  It  decompo«f«  the 
cyanides  of  the  alkali-metals  in  the  state  of  aqueous  solution,  also  eyuntdc  of  silvt'r  or 
cyanide  of  copper  diasolred  in  aqueous  cyanide  of  potassium,  forming  a  met^iliie 
iodide  and  liberating  cyanogen  ((Jerdy.  Compt,  rend.  xri.  25;  also  J.  pr.  Cbem. 
zxix.  181).  With  boiling  aqueous  cyanide  of  potnsBium,  it  forms  iodide  of  potassium 
and  iodide  of  eyanogea  (Lie big,  Ann.  Ch.  Pharm.  L  336).  It  decomposes  dry 
cyanide  of  mercury,  forming  iodide  of  mercury  and  iodide  of  cyanogen. 

Strong  mirie  acid  decomposes  all  metallic  cyanides,  with  crolotion  of  carbonic  acid, 
nitrogen,  &«.  Excms  of  strong  tulpkurie  arid  decompoaes  metallic  cyanides  at  high 
temperatures,  forming  a  sulphate  of  the  metal,  acid  sulphate  of  ammonium,  and  carbonis 
oxiae  (Fownes): 

2CNM  +  affSO*  +  2H'0  =  M»SO«  +  2(Nn«.H.90«)  +  2C0. 

Most  cyanidea,  when  treated  with  diiute  acids,  give  off  their  cyanogen  in  the  form 
of  hydro^anie  acid :  t,  g. 

KCy  +  Hd  -  Ka  +  HCy. 

The  cyanides  of  the  alkali'metala,  which,  in  the  state  of  aqueous  solution,  may 
also  b«  regarded  as  hydrocyanatf's,  are  decomposed  by  the  weaketit  acids,  eren  by 
carbonic  acid ;  henoe  their  solution,  if  it  does  not  contain  excess  of  alkali,  gives  off 
hydrocyanic  acid  on  exposure  to  the  air,  that  acid  being  gradually  expelled  by  the  car- 
bonic acid  of  the  air.  On  the  other  hand,  it  is  only  the  alkaline  sulphydrates  and  soap- 
solutions  thtit  ore  decomposed  by  hydrocyanic  acid.     (Sch oele.) 

The  compounds  of  cyanoe«n  with  tho  heavy  metals  are  of  a  more  intimate  nature. 
Some,  as  the  cyanides  of  zinc  and  lead,  give  off  hydrocyanic  acid  when  treated  with 
dilute  solutions  of  the  stronger  mineral  acids,  such  as  sulphuric  acid  ;  others,  as  the 
cyanides  of  mercury  and  ailrer,  are  not  decomposed,  eren  by  the  strongest  oxygen-acids, 
in  the  state  of  aqueous  solution ;  but  hydrogen-acidf ,  such  as  hydrochloric  and  Bulphy> 
dric  add,  decompose  them ;  othen  again,  as  protocyanide  of  gold  and  protocyanide  of 
iron,  withstand  the  action  of  dilute  sulphuric,  hydrochloric,  or  nitric  acid,  even  at  a 
boiling  heat. 

From  the  aolntiona  of  the  alkaline  cyanides,  many  bea'vy  metallic  oxides  separate 
part  of  the  alkali>metal,  in  the  form  of  oxide,  which  remains  dissolved,  forming  at  the 
same  time  a  heary  metaEic  ^anide,  or  a  compound  of  that  cyanide  with  tho  cyanide 
of  the  alkali-metal : 

2KCy  +  Hg'O  +  H«0  »  Hg''Cy»  +  2KH0. 

The  cyanides  of  some  mrtals  form  crvstallisable  compounds  with  the  oxides  of  the 
wme  metal ;  with  various  metallic  iodides,  broznidcs,  and  chlorides;  also  with  nitrates 
and  chromatea. 

Double  Ct/anide$. — Cyafiides  have  a  strong  tendency  to  unite  with  one  another, 
and  form  definite  compotuaos,  called  Cyanogm-iolU,  or  Doubts  Ci/anid<i  (aaiUogoua 
to  the  iodides,  bromides,  and  chlorides),  e.q.  cyanide  of  nickol  and  potassium, 
2KCy,Ni'Cy»  -  K'Ni'Cy^;  ferrocyanide  of  potassium,  4KCyJe'Cy«  -  K*Fe'Cy«. 
(See  Table,  p.  197.) 

The  most  nnmerous  of  these  double  salts  are  the  compnunds  of  the  alkaline  cyanides 
(including  cyanide  of  amraoniuni,  >'H*Cy),  with  the  cyanides  of  tho  heavy  metals ;  they 
arc  form^  and  prepared  as  follows : 

I.  By  saturating  theaqueoos  solution  of  the  cyanide  of  an  alkali-metnl  with  a  heavy 
metallic  cyanide,  or,  if  the  latt*r  be  soluble  in  wattr,  adding  it  to  the  alkaline  cyanide 
in  the  proportion  det/'rrninpd  by  niJcnIation. — ■2,  By  a&turating  the  aqnt^jus  solution 
of  the  alkalinp  cyanide  with  a  heavy  metallic  oxide  or  hydrate.  In  this  caae,  yart  of 
th«  alkali-metal  u  separated  in  the  form  of  hydrate,  which  remains  mixed  with  the 
SuiulioD,  and  the  heavy  metal  passes  over  to  tho  cjanogen-c<:impound: 

6KCy  +  Fo-HK)*  -  K*Fe"0/  +  2KnO. 
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8.  liy  digesting  a  heavy  raetallic  cyanide  with  an  squeoiu  alkali.     In  tUi*  eaae^flo  \ht 
contrary-,  port  of  the  heavy  metal  is  separated  in  the  form  of  bjdr&t« : 

SFe'Cy*  +  4KU0  =  K'Fe'C/  +  2Fe'1H*0». 

4.  By  addinf^  oqueoua  hydrocyaaic  acid  to  a  mixture,  in  eqaivalent  propoitMM>% 
heavy  metallic  oxide  or  its  carbonate,  and  a  caustic  or  carbonated  aiJc&ll,  till  ths 
retains  its  odour  even  itfti^r  loag  agitation  at  a  gentle  heaL  In  this  case,  tlie  h 
cyanic  acid  drives  out  all  the  carbonic  acid  that  may  be  present,  and  the  lieavy 
metallic  oxide  ia  dissolved. — 5.  By  satttrating  with  caustic  potash  or  carbonate  o^ 
potassium,  the  acid  compounds  which  hydrocyanic  acid  forms  with  certain  hesfv 
metallic  cyanides.  —  6.  Platinocyanides  may  be  formed  by  fusing  platinum  with 
cyanide  of  potassium.  In  this  case,  part  of  tlie  cyanide  of  potassium  ia  decomposed, 
yiuMing  cyanide  of  pl;itinum  and  free  potassium  (which  oxidises  to  potash),  while  tfaa 
nndeoomposed  portion  of  tho  cyanide  of  potassium  unites  with  the  cyanide  of  platiavB 
ibrmod. 

The  proportions  in  which  the  heavy  metallic  cyanides  may  thus  be  made  to  tmils 
with  the  cyanide  of  an  alkali-metal,  e.ff.  with  cyanide  of  potassium,  may  be  illusttated 
by  the  following  examples : 


Fotassio-aarous  cyanida 

Fotassio-auric  „ 

Potassio-fcrrouB  „ 

Potassio-zincic  „ 

Potassio-cnprous  „ 

••  t«  »»       • 

Fotasslo-ferric  „       . 


KCy.AuCy 

KCy.Au-'Cy* 

4KCy.Fe''Cy' 

2ECy.Zn''Cy» 

6KCy.(Cn')''Cy« 

2KCy.(Cu»)''Cy» 

6KCy.(Fe')"Cy< 


KAuCy 

KAu-cy 

K'Zn-'Cy* 
K«(Cu»rCy« 
K'CCuTCy* 
K'tFe'j'iCy" 


Almost  all  thi?«o  double  cyanides  are  cryFtalliaiiWo  and  soluble  in  water.     Toi 
vepftablo  coluurs  tlipy  are  neutral  or  slightly  alkalLie,  whorcas  the  pure  cyaoidfli^ 
the  nikali-nu't^ils  listve  a  strong  alkaline  reaction ;   the  doable  cyanides  likewise  e3_ 
little  or  bo  odour  of  hydrocyanic  acid.    They  arc  also  much  less  easily  dBcompoaihU 
than  the  pure  cyanides  of  the  alkali-mctola. 

Both  the  tnetulllc  cyanides  contained  in  these  compounds  behave,  wrLen  ignited  in  t. 
dose  vessel,  just  in  the  same  manner  as  when  they  are  ignited  separately.  Thus,  ia 
ferrocyimido  of  pofi^sium,  4KCy.FeCy',  the  cyanide  of  potassium  remains  undecois- 
pOBrd,  while  tlie  cyanide  of  iron  is  resolved  into  nitrogen  and  carbide  of  iron. 

By  acid«  the  double  cyanides  are  decomposed  with  Tarinu.<f  degrees  of  facility.    His 
alkali-metal  is  aiwaya  easily  withdi'awu,  and  its  place  supplied  by  tlie  hydrogen  of  tks 
acid-     With  muny  double  cyanides,  however,  this  change  takes  place  without  r 
alteration  of  (itructure  in  the  molecule,  thus : 

K«FeCy«  +  iflCl  =  H«FcCy-  +  4KCL 

01  puuutlum.  of  bydro^ieD. 

In  othpT  caBo»,  only  the  alkaline  cyanide  is  decomposed,  with  evolution  of  hydrocyanic 
ad  I,  while  the  heavy  metallic  cyanide  separates  oat;  t.ff. 

KAgCy"  +  HNO'  =  AgCy  +  HCy  +  KNO», 
KAgCy*  +  Ha     -  AgCy  +  HCy  +  KCh 

If  the  separated  cyanide  islikewiae  deoompoaible  by  the  acid  used,  an  exceaa  of  the  aeiit 
•etoally  produces  this  decomposition,  eliminating  the  whole  of  the  cyanogen  m 
J^ydxocyanic  odd : 

KAgCy»  +  2HCI      -  2HCy  +  AgCl      +  KQ. 
K'Ztj"Cy*  +  2H*S0*  -  4HCy  +  Za^SO*  +  K'SO*. 

In  o^er  cases,  the  excew  of  the  add  produces  no  farther  decompoeitioii,  as  whn 
^anide  of  silver  and  potaasium  is  acted  upon  by  nitric  acid : 

KAgCy'  +  2HN0»  =  AgCy  +  HCy  +  KNO»  +  HNO*. 

Solphydric  acid  precipitate!  tlio  heavy  metst,  in  the  form  of  aolphide,  from  the  dis- 
solved compounds  of  the  alkaline  with  the  heavy  cyanides,  sometimes  easily,  as  witl» 
cadmium,  mercory,  and  silver ;  aometimes  not  at  all,  or  but  slowly  and  partially,  as  witi 
sine,  iron,  cobalt,  nickel,  and  copper. 
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When  tfc«  K>hitioo  of  auch  a  coropoand  of  a  eyantde  of  tn  alludi-nii'U]  with  the 
cyitttidp  of  •  hcary  motd,  u  mixed  with  the  salts  of  other  beary  metals,  precipitateii 
mrr  formed,  exltibiting  8tr>»ig  aiid  varied  coloora,  aod  geoenJly  ootwistitig  oi  com* 
poiuui«  of  the  he«TT  cyanide  alreodj  preeent,  with  another  heavy  cyanide  formed  by 
double  deeompoaibon  between  the  rjranide  of  the  alkali-metol  and  the  salt  of  th« 
haary  metal  which  haa  been  add«d.  Thus,  ferroey&nide  of  potosajain  fbrma  with  sul- 
pbaee  of  eopp«r  a  rod  precif citato  of  ferrocyanide  of  copper : 

K«FeCy  +  2CoSO«  -  CulVCy*  +  2K«0«. 

But  tbeM  pecipitat«  often  retain  part  of  the  original  cyanogen-aalt  in  ft  state  of  inti- 
mate combination,  ao  that  in  rminy  caaea  it  cannot  be  completely  extracted  even  by 
boiling  water. 

Oa  account  of  the  different  beharionr  of  the  wreral  double  cyanidea  with  acida,  it  is 
waal  to  divide  them  into  two  cloiaes.  1.  The  tarify  dttxmponUe  doubte  cyanidet,  which 
give  off  hydrocyanic  add  when  treated  with  a  atronger  acid,  even  in  the  cold.  These 
are  regarded  aa  true  doable  aalta,  that  is  to  say.  aa  compounds  formed  by  the  addition 
of  two  simple  eyanidea.  e.g.  cyanide  of  nickel  and  potaawnm.  KCy.NiCy.— 2-  The  /<•« 
tatUjf  daeomjtotihU  dovbi*  cyanide*,  which,  when  treated  with  aciJa,  do  not  evolve  hy- 
drocyanic acid,  but  merely  exchange  their  alkali-metal  with  the  hydmgen  of  the  acid, 
aa  ia  the  eaae  with  the  double  cyauidea  of  iron,  chrominre.  cobalt,  and  mnn(»Hne'8e.  In 
theae  compoonda,  the  cyano^n  is  nsnally  Bup^Mjaed  to  be  more  intimately  combined 
with  the  heavy  metal,  fomung  a  compound  radicle,  which,  like  chlorine  or  cyanogen 
itaelf,  can  unite  with  metala,  forming  salU  which  are  decompoaed  by  acids,  and  yield  th« 
hydngcn-aalt  of  the  aame  compoond  mdide.  Tboa,  the  yellow  cyanide  of  iron  (fer- 
focom)  and  potaaainm.  K*FeCy«,  ia  ranudad  aa  the  potaaaium-aalt  of  the  radicle 
frrrommomm,  FaCy*  =*  FeC»\'.  usually  denoted  by  Cfy:  hence  it  is  called  ftrro- 
qNmaM  fffvoUutium,  In  like  nuuiner,  the  red  cyanide  of  iron  (ferricum)  and 
potMmnn,  C"N>»Fe»K«  -  K«Fe»Cy'»,  may  be  rtgazded  aa  ferri-  or  /errid-cyankU  of 
jMteaMfR,  K'.Fe'Cy",  t-r  K'.Cfdy,  a  compound  of  potaasinm  with  /*m-  or  ferrii' 
tyanootm,  Fe'Cy".  SimiUr  comnonnd  radielaa  »ro  toppoaed  to  exist  in  the  double 
cyanides  of  chromium,  cobalt,  ana  manganeee. 

Thia  riew  of  the  composition  of  the  second  daae  of  double  cyanides  is  conTenient, 
when  a  particular  dasa  of  reactions  is  under  consideration,  vis.  the  interchange  of 
the  alkali-metal  of  the  double  cyanide  for  hydrogen,  or  for  a  heavy  metal ;  but  it  is 
by  no  laeaoa  oeoeaaary  to  regard  them  in  this  way ;  in  fact,  the  behaviour  of  a  double 
qranide  with  acids  appears  to  depend  rather  upon  the  peculiar  nature  of  the  heavy 
metal  contained  in  it  than  on  any  particular  molecolar  arrangement  The  first  stage 
of  the  decompoeition  ia  the  same  in  all  cusoa,  the  alkali-metal  being  replaced  by  hy- 
droffen ;  but  the  hydrocyanic  add  thus  formed  remaina,  in  some  caaea,  combined  with 
Um  oesTy  met^illic  cyamde,  while  in  others  it  aepaiatea : 

K'Ni-'Cy*  +  2UN0'  -  Ni'Cy*  +  2HCy  +  2KN0* 
K'FeXy*  •♦.  4HCI      -  Fe'Cy^  +  -tflCy  +  4KCL 

If  now  we  turn  our  attention  to  the  reactions  which  take  place  when  theee  double 
maidaB  are  decompoaed  by  metaUie  mlU,  instead  of  by  the  corresponding  adds  (by* 
^rogetuaalta),  «.  g. 

K«FaCy«  +  2CuS0*  -  Cii»FeCy«  +  2K«S0* 

X«NiCy*  +    CuSO*  -  CuNiCy*    +    K«SO« 

S;>CdC^  +  Fb{Cn3.Hi*y    -  TbCdCj*   +  2(K.C»H»0«). 

we  find  that  the  combination  or  tep*iration  of  the  resulting  cyanides  is  not  determined 
by  the  constitution  of  the  onginal  double  cyanide,  since  the  components  of  the  SHme 
doable  cyanide  (cyanide  of  nickel  and  potassium  for  example),  may  separate  when  the 
d^ali-metal  is  replaced  by  hydrogen,  whcreaa,  when  it  ia  rvplaced  by  a  metal,  the  le- 
•ultittg  eyanidea  remain  united. 

Neither  can  any  differenee  of  constitution  in  the  two  dasaea  of  double  eyanidea  bo 
inferred  from  the  fact  that  some  of  these  compounds  containing  two  heavy  metala, 
the  cyanide  of  nickel  and  copper,  for  example,  are  decompoaed  by  acida,  whereas 
others,  aa  the  cyanide  of  iron  and  eop]x<r,  are  not,  this  difference  being  due  rather  to 
the  different  nature  of  the  mctuls  present  Prussian  bine,  which  ia  a  fenocydnide  of 
iron,  Fe*Cy",  or  (Fe')'(Fe*)»*Cy*\  produced  by  the  action  of  ferrocyanide  of  poUssium 
on  ferric  chloride,  is  not  at  all  attiick<<<l  by  dilate  acida,  whereas,  if  one  portion 
of  the  iron  existed  within  the  radide  and  the  rest  witbout,  the  latter  portion  might  be 
expected  to  diasolTe  in  acids  while  the  former  remained.    So  likewise  with  the  difiennt 
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behaviour  of  double  cyumdes  with  Milpbydric  acid ;  it  is  the  nature  of  the  beary  vuUl 
that  dotermlnes  whether  dc^ompo-tition  »hall  take  pIsM  or  not»  rather  than  aDj  ftn^ 
liflrity  of  molecular  constitution  ;  tlius,  cadmium,  roercory,  and  diver  axe  eaafly  preci* 
pitat«d  by  sulphydric  acid  frum  solutitjus  of  their  doable  cyanidea ;  nickel,  ooppdr.  xiw^ 
and  raangaaese  slowly  aud  very  imperfectly ;  iron  and  cobalt  not  at  alL 

With  alkali*,  the  various  doable  cyaaiiles  exhibit,  for  the  tnofft  part,  gJwfUr  fHtf' 
tiouB.  Those  which  contain  ulkali-metals  are  not  decomposed  at  all  by  aZkalii^  eva 
at  the  boiling  heaL  Those  which  contain  only  heavy  metals,  ferrocyanide  of  eoppcr 
nnd  the  prossian  blues  for  example,  are  decomposed  in  such  a  manner  that  part  <■  A^ 
heavy  met-al  is  replaced  by  an  alkuli,  bo  that  a  soluble  double  cyanide  is  fonnejil 
a  metallic  oxide  sepamted;  bat  these  decompositions  often  take  pla««  is  0Q 
manner  as  to  show  that  no  particular  part  of  the  metal  is  more  intimately 
bined  with  the  cyanogen  than  tire  rest;  thus  ferricyanide  of  iron  (Turn bull's  k_ 
Fe*Cy'\  or  (Fo'^%Fo»)''Cy''*,  yields  with  potash,  not' ferricyanide  of  potossitim 
ferroos  oxide,  but  ferrocyanide  of  potassiom  and  ferroso-ferric  oxide. 

Mtrcurie  oxide  and  mercuric  sulphate  decompotfo  ull  double  cyanides,  except  ( 
platinocyanides ;  thus,  ferrooyunido  of  potassium  and  pnisciian   blue   are  «>mp* 
converted  by  them  into  cyanide  of  mercury,  with  formation  of  oxides  or  milp' 
iron. 

All  cyanides  which  give  off  pmssic  acid  when  treated  with  dilute  adda,  . 
cyanide  of  potassium,  cjajiido  of  uickul  and  putaasium,  &c,  are  poisODOns,  like  ] 
acid  itscli^  whereas  the  more  stable  cyanides,  like  ferrocyanide  of  potaasium,  i 
all  poisonous. 

Oyaaidca  of  Alcobol-radlclea.     Cyanhydno  or  IlydroetfmUe  Ethers.    Hmm 
compounds  may  bo  regarded  cither  lis  analogous  in  composition  to  the  metallic  cya 
(».c.  as  hydrocyanic  acid  having  its  hydrogen  replaced  liy  an  alcohol-radicl**),  or* 
nitrilei  of  acid-radicles  containing  1  at.  carbon  more  than  the  alcohd-radieU  ui  < 
lunation  with  the  cyanogen :  than, 

Cyanide  containing  the  Aicokot-radicU*,  C»n>+», 

Cyanide  of  Methyl,  or  Acetonitrile .        .        .  C*IPX  —  CH'.Cy. 
Cyanide  of  Trichloromethyl,  or  Chloraceto- 

nitrile CCVTi  -  CCl'.Oy. 

Cyanide  of  Ethyl,  or  Propionitrile  .        .        .  C*H»N  —  CTI'.Cy. 

Qranide  of  Tclr>l,  orValeronitrilo.         .         ,  C»IPN  «.  C'H'.Cy. 

Cyanide  of  Ann-1,  or  Capronitrilo   .         ,         ,  C»H"N=  C*H»'.Qy, 
&c.  &C. 

Cyanidta  containing  the  Akohol-radides,  C»IP"-». 

Cyanide  of  Phenyl,  or  Benzonitrile         .        .  C*H»N  =  C"H».Cy- 

&anide  of  Nitrophenyl,  or  Nitro-benxonitrile  CH*N*0»  =  C*H*(NO')Ct. 

C^nideofBcnzj-l CHT?  =  C^H^Cy. 

CyaniJ*  of  Cumenyl,  or  Cumonitrile      .        ,  C"H"N  -  C*H".Cy. 

The  cyanides  of  the  akohol-radiclcs  are  obtained:  1.  By  distilluig  a  nustan  d 
^anide  of  potaasram  with  an  ethyl-sulpbate  (or  homologous  salt),  t.g. 

KCy  +  C»H».K.SO*  =  K"SO*  +  OTI».Cy. 

2.  By  the  action  of  heat  or  of  phosphoric  anhydride  on  the  anunotuum-saltB  of  iht 
oozraapoDdlng  acids  containing  the  radicles  C«H**-'0,  or  OH*-"0 ;  thna 

C'H'OCNH*)©  -  2H'0=  C'HTf. 

Ac(<Uil«  or  Cyanide  of 

amiDonlum.  methyl. 

C'n*0(NH*)0  -2H*0  =  C^H*N. 

HctiioAie  of  CjrBiiIde  of 

amnioDium,  pbciifl. 

This  last  reaction  gives  the  means  of  obtaining  cyanides  corresponding  to  aJdohfili 
which  have  not  yet  been  formixL 

The  alcoholic  cyanides  are  Tor  the  most  part  volatile  liquids,  having  wa  odoor  «ob*> 
what  like  that  of  pmssic  acid.  When  treated  with  strong  acids  or  aIlr«^K«  ^^  ti|( 
up  water,  and  reprodoce  the  ammonia-salts  from  which  they  may  be  formed.  This  actioB 
is  analogous  to  that  of  cyanide  of  hydrogen  (pmssic  acid),  which,  under  the  inflnesct  of 
acids  or  alkalim,  yields  ammonia  and  formic  acid  (CHN  +  2H'0  —  NH*  +  CBKF^ 
In  fact,  cyanide  of  hydrogen  (or  formonitril?,  CH.N)  may  be  regarded  as  the  lowectttfn 
of  the  series  of  homologous  alcoholic  cyanides  C^H*""'?!. 
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Cyanide*  of  Add  Orranlo  Sadloles.  Two  onlj  of  these  compounds  am 
known,  vii  tho  cyanidt'fl  of  Unzoyl,  C'H*0,  and  dnDumyl,  CH'O.  Thpy  ore  obtained 
fcr  diatillinp  the  chlorides  of  th«  «oiTp«pouding  R«d  radicles  with  metallic  c^'anides. 
TTiPtr  reat'tionf  iiro  analogous  to  thoc«  of  the  coireaponding  chlorides. 

CTAVZ9B  OP  AXtttT%,  C*H»N  -  C»H*Cy.  (Li eke,  Ann.  Ch.  Pharm.  cxiL 
316.) — ObUiinrd  by  heuting  M^utTklt'nt  qiiMntiti(>fl  of  cyanide  of  silver  and  iodide  of 
ailyL  sod  wjinnirg  the  re«iiltin|at  viscid  oil  with  alcohol  or  ether,  or  distilling  it  with 
w&t«r.  The  prodact  i«  a  limpid  mobile  liquid,  haring  a  disagreeable  pungent  odour. 
flbcofie  gravity  »  0794  at  17°  C.  Boils  between  96<*  and  \06°  C.  Somewhat  aola- 
ble  io  water,  mi»cible  in  all  pruportiona  with  alcohol  and  ether. 

CTAVXOB  or  AltWUMlUM  does  not  appear  to  exist  in  the  separate  Btat«. 
Hjdru'e  of  alumiuii  dot-a  not  disaolre  in  pnwHc  acid,  and  when  cyanide  of  potasv«)um 
is  added  to  an  aluminium  mil  t,  hydrate  of  alumina  is  precipitated  freo  from  pruanc  ncid. 
A  fenocyanide  of  aluminium  ha*,  however,  been  obtiined.     (See  Cyakidbs  op  Isoh.) 

CTJUmm  0]>  AJCXOVnraK.  Hi/droeyanaU  of  ammonia.  CN'H*  -  NH^Cy 
—  NH'.HCt-— Ammonia-gHi  and  vapour  of  hydrocyanic  acid  unite  in  equal  volumea, 
'Without  con'deoswition,  and  produce  thia  salt  It  is  likewise  formed,  as  already  observed 
(p.  198),  when  ammoniji-pis  is  parsed  through  a  red-hot  tube  together  with  carbonic 
oxide,  or  over  i^nitvd  ciirUmaceou*  mutter;  also  when  charcoal  in  excess  is  ignited  in 
a  retort  with  !«4il-ammoniBc  and  lime,  or  Uthaige.  Lastly,  it  is  sometimes  formed  by 
the  action  of  nitric  uctd,  nitrous  acid,  or  nitric  oxide,  on  organic  bodies. 

The  dry  flalt  nmy  be  prepared  by  heating  in  the  water-bath  3  pta.  fcrrooyanido  of 
potaaainm  with  2  pts.  sMi-aiiimoniac,  the  materials  being  perfectly  dry,  and  condensing 
the  product  in  a  receiver  surrounded  with  ice  and  salL  Qranide  of  mercury  or  cyanide 
of  potassium  may  also  be  used  instead  of  the  fcrrocyanide.  Langlois  pro{vares  the  suit 
by  passtog  dry  ommonia^gas  over  dry  charcoal  heated  to  redness  in  a  porcelain  tube. 

Cyanide  of  ammonium  crystallisos  io  colourless  cubes,  often  grouped  like  fem-leaTet, 
very  soluble  in  water  and  alcohol  It  has  a  strong  pungent  odour  of  ammonia  and 
pmaaie  acid  together.  It  boils  at  36°  C.  The  vapour  is  very  inflammable  and  burns 
with  a  bluish  flame,  depositing  carbonate  of  ammonia.  The  density  of  the  vapour  is 
anomalotis.  the  moleciue  NH*.HCy  occupying  four  volumes  instead  of  two.  But  as 
hydrocyanic  acid  unites  directly  with  ammonia,  we  may  suppose  that  the  vapour  of 
e)-anide  of  ammonium  is  a  mixture  of  theee  two  bodies  (the  molecule  of  each  occupying 
twn  rolumefl),  and  that  the  salt  sxists  only  in  the  solid  form,  being  decompottcd  at  its 
boiling  point. 

Cvanide  of  ammonium  is  very  instable,  and  sraduallj  changoa  into  a  hrown  substance, 
atwmk 4bHJ  (i.  480).  Chlorine  and  bromine  oecompose  it,  fonoing  chloride  or  bromide 
of^anoeen. 

Cyanide  of  ammonium  is  highly  poisonous,  and  yet  ammonia  is  generally  siild  to  act 
as  an  antidote  to  pru^sic  acid;  according  to  Langlois,  the  beneficial  action  is  due  to 
the  stimulating  properties  of  the  ammonia. 

CTA.HX93B  or  Aanrx..  Capronitrilr.  CTr"N  =  C*Hi*.Cy.  (Balard,  Ann,  Ch. 
Phya.  [3]  xii.  294.— Franklaud  and  Kolbc,  Ann.  Ch.  Pharm.  Ixv.  288.— Brasier 
an<l  Oossleth,  tbid,  IxxT.  261.— Medlock,  ibid.  Ixix.  229.)— This  compound  is 
obtained  by  distilling  equivalent  quantities  of  amylsulph&te  and  cyanide  of  potassium ; 
also  by  the  action  of  cyanide  of  potassium  on  chloride  or  oxalate  of  amyl.  It  is  a  very 
mobile  oil,  of  specific  gravity  0-8061  at  20"^  C,  and  vapour-density  3-336  (2  vol.), 
Boils  at  146^  C. ;  is  lees  soluble  in  water  than  cyanide  of  ethyl  and  dissolves  in  alcohol 
in  all  proportions.     Boiling  potash  oonrerts  it  into  ammonia  and  caproate  of  potassiuiii: 

C*H"N  ■¥  KHO  +  H^  -  NH«  +  C«H"KO». 

Potaniitin  decomposes  it,  with  evolutisn  of  gss  and  formation  of  an  alkaloid  resembling 
eyanethine. 

OTA3m>B  OF  Sil&XtTM,  Bn'Cy*.  rony  be  obtfiinofl  in  the  dry  state  by  igniting 
feiTocyanideof  lNmum(lJorzcliu9),orl'errocynnideofbtvriumand  {»otii8aium(Hchul8), 
in  n  rXnno  vessel. — and  in  solution, byadding  pruaeic  acid  to  baryta-wafer  till  it  no  longer 
precipitates  chloride  of  magnesium  (Ittner).  Margueritto  and  De  Sourdeval 
(Compt.  rend.  L  1100)prepnreiton  the  large  scale  bypassing  air  over  an  ignited  mixture 
of  oitrbonute  of  barium  and  finely  divided  carbon :  the  formatton  of  the  cyanide  is  wiid  to 
take  pluco  with  great  facility.  It  is  very  eoloblo  in  water  (F.  and  'E.  Rodgers), 
Kwiringly  (Sfhulz,  J.  pr.  Chem.  Ixviii.  267),  moderately  soluble  in  alcohol,  easil^r 
decomposed  by  carbonio  acid.  Heated  to  300'^  U.  in  a  stream  of  aqueous  Taponr,  it 
nves  off  the  whole  of  its  nitrogen  in  the  form  of  ammonia.  (Margneritte  and  Be 
Dourdeval). 

CTAirxss  or  BZirXOTZ..  C*HO  -  C^H»O.CN.    Already  described  (i.  668). 
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CTAirxDE  OF  SSKZTX..  Ci/anide  of  Tktlt/l  or  Toluenyl.  C*H*N  <-  CH^.CK. 
(Se©  i.  673.) 

CTAirxDE  or  Bisactrxs  hu  not  been  obtained.     AHuIine  cyanidea  added  t» 

bifimutL-suItj)  llurow  dovm  only  oxide  of  bismath.    (Htiidloa  and  Freseniua.) 

CTAKIDE  OF  SVTT&.    See  Ctaxidb  of  Tbtuyi.. 
O-rAmOS  OF  CACODTXi.     (i.  406.) 

CTAMEDS  OF  CADMIVIIC.  CdTy*.  Obtained  in  white  anbydrons  crystals  by 
dissolving  reoently  pr«ripitiik'd  hydrate  of  cadraium,  at  a  gentle  heat,  in  bydrocjanir 
acid.  It  is  permanent  ia  the  air.  Accordiug  to  Rtuautebberg,  cadmium-sal te  ore  not 
precipitated  by  alkaline  cyanidea.  According  to  L.  Gmelin,  on  the  contrary  {HandB, 
rii-  426),  sulphnte  of  cadmium  forms  with  cyanide  of  potassium  a  whit*  precipitate, 
boliible  in  cxceaa  of  the  cyanide,— a  result  confirmed  by  the  obeerrationa  of  W  ittstein, 
of  Haidlen  and  FreaeniuB,  and  of  Schilur.     (Ann,  Ch.  Pharm,  Ixxirii.  34.) 

Cyanides  </  Copji-r  and  Cadmium,— a.  2Cd"Cy».(Cu*)' Cy«  =  (Cd'O'CCu'^'Cy*.— 
Recently  pecipitated  cadmic  liydmte  dissolves  very  slowly  in  excess  of  hydrocyanic 
ucid,  but  qniohJy,  and  wilii  evolution  of  Ciirbonic  acid  and  cyanogen,  on  the  additio 
of  recently  precipitated  cupric  airbonato.  If  the  addition  of  the  latter  substance  r 
difecjntinued  before  the  o»ide  of  cadmium  is  completely  dissulvcd,  there  remaiaa 
]nTea>ier-blue  residue,  which  dtssolvea  partially  in  boiling  wntpr  (leading  pure  ozids 
of  cadmium)  and  forms  a  liquid,  which  soon  becomes  turbid  and  deposits  a  viscid 
luilky  subetance,  becoming  crystalline  as  it  coob,  and  apparently  consisting  of  a  mix- 
tura  of  two  different  salts.  But  if  the  addition  of  carbonate  of  copper  be  continued 
till  the  caiimic  oxide  is  completely  dissolved,  a  liquid  ia  obtained  which  is  colourless  at 
first,  but  afterwards  assumes  a  purple-red  colour,  gradually  in  the  cold,  more  quickly 
nt  20°  to  25°  C,  and  after  being  concentrated  at  100",  soon  deposits  crystals  of  a 
dingy  brown-red  colour.  The  latter  compound  is  sparingly  soluble  in  cold  water. 
From  the  solution  in  a  small  quantity  of  boiling  water,  it  separates  in  tlie  form  of  a 
rod  tenacious  ma-B,  which  graduitlly  solidifiea  to  a  net-work  of  crystals  ;  but  whon 
recryBtallised  from  a  largo  quantity  of  boiling  water,  it  forms  shining,  rose-coloured, 
oblique  rhombic  prisma,  which  are  permanent  in  the  air,  and  are  not  decomposed  at 
150°,  but  at  higher  temperatures  become  opaque,  fuse,  and  quickly  decompose. 
(Schuler,  Ann.  Ch.  Pharm.  Ixxxvii.  48.) 

b.  2Cd'Cy'.Cu"Cy*  =  (Gd'^»Cu"Cy*.— When  cadmic  hydrate  and  cupric  hydrate  am 
diasolved  together  in  hydrocyanic  acid,  and  the  colourless  solution  is  left  to  empirate 
in  the  air,  colourless,  shining,  oblique,  rhombic  prisms  are  obtained,  which  at  100"  C. 
give  oflF  18"4  per  cent,  of  their  weight,  and  crumble  to  a  fine  mealy  powder.  The  salt 
is  readily  decomposed  by  acids.  Both  this  and  the  preceding  hare  a  decided  alkaline 
reaction  and  a  peculiar  metikllic  taste,  leaving  an  irritating  sensation  ia  the  throaU 
(Schuler.) 

Cyanide  of  cadmium  forma  several  other  double  salts : 

The /errow  »(dt  is  a  yellow  precipitate,  obtained  by  mixing  ferrous  sulphate  with 
cyanide  of  cadmium  and  potossmm.  It  turns  green  wh<.'n  exposed  to  the  air.  The 
lead-salt,  CyPfa'Cy*  «»  (^'Cy^SPhTy*,  is  a  white precipitMte,  obtained  in  like  manner 
with  acetate  of  lead  and  the  p)tti8Jjium-8Jilt.  It  is  decomposed  by  washing.  The 
mcrctcrif-sftli,  Cd"Cy'.3Hg''Cy',  obtained  by  dissolving  cadmic  hydrate  and  mercuric 
oxide  in  hydrocyanic  acid,  forms  white,  opaque,  rectangular  prisms,  easily  soluble  in 
water  and  permanent  in  the  air  (Sehiiler),  The  nickel-aalt  is  a  white  precipitate, 
soluble  iu  excess  of  cyanide  of  cadmium  and  potassium,  insoluble  in  acids.  The 
fotattitim-mlt,  Cd'K^Cy*,  is  obtained  in  sbiniug  regular  octahedrons,  anhydrous  and 
permanent  in  the  air,  by  evaporating  a  mixture  of  acetate  of  cadmium  and  cyanide  of 
pota.^«iuni.  Weak  acids  separate  pnissic  acid  ftom  it.  Sulphydric  acid  precipitates 
idl  the  ciidmium.  The  silwr-sait  is  a  white  precipitate,  likewise  soluble  in  exoeaa  of 
cyanide  of  cadmium  and  potas-siura. 

CTAirxmi  OF  CAXiCXirwC.  Obtained  in  aqneoua  solution  by  saturating 
aqueous  pnissic  acid  with  slaked  lime,  filtering,  and  adding  more  prusaic  acid  to  the 
fil(rat<>  till  it  no  longer  precipitates  magnesiura-salts.  It  is  decomposed  by  boiling 
aI»K)  by  carbonic  acid.  C.  Schulz  prepares  it  in  the  same  manner  as  the  barium-salt, 
and  finds  that  it  erystallisea  in  cubes. 

GTAirXDB  OF  OXXXQ'M.  Cyanide  of  pofaseiom  forma  with  cerons  salts,  a 
white  gummy  precipitate,  which,  however,  quickly  gives  off  hydrocyanic  acid,  and  is 
Conrert4'd  intti  ctTous  hydrate.     (Berenger,  Ann.  Ch.  Pharm.  xlii.  139.) 

CTAivxDE  or  cirrrx..   C'«H".Cy.    (See  i,  940.) 

CTAjrXSBB  OF CBSOKIirjK,  Chromaus  Cyanide,  Cr'Cy',  is  obtain ed  on 
miiing  a  uolution  of  chromous  chloride  in  boiled  water  with  a  solution  of  cyanide  uf 
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fiotiiftoinra,  ftt  a  white  DrecipiUte,  soluble  in  ezceea  of  the  liUcaUne  cjrftnide ;  but  it 
oxiilis^B  Ttry  quickly  ditrinlg  «nahing,  and  is  oonrerted  into  a  mixture  of  chnvmio 
rjaaidfl  and  chromic  oxide. 

Chromic  Ci/anidf^  (Cr*)'*Cy*,  is  precipitated  on  miiinR  a  chromic  sakirith  cvanida 
of  potassium.  If  md  aqueoua  Bolution  of  chromic  chloride  be  added  to  n  Bolutiou  of 
eranide  of  potaasium,  a  liRht  bluish  grey  precipitate  ia  fonncd,  insoluLlo  in  exrewi  of 
the  alkaline  qranide ;  tut  when  the  latter  \a  added,  drop  by  drop,  to  a  eolutioD  of 
ehromic  chloride,  tho  first  portiona  of  the  precipitate  rediAsolve  in  exre>>8  of  tlio 
chromic  salt ;  an  excess  of  cyanide  of  potaasiam  renders  the  precipitiite  p<'raist*nt  in 
the  cold,  bat  aoluble  on  heating ;  and  to  render  the  precipitate  quite  permanent,  a  still 
higer  quantity  of  cyanide  of  potassium  must  be  added. 

when  a  mixtorc  of  chromic  hydrate,  potash,  and  hydrocyanic  acid  is  exposed  to  the 
air,  it  toras  brown  and  yields  ctystala  of  a  doable  cyanide  of  ohromiam  and  potaasium, 
analogooa  in  eompoeition  to  ferricyanide  of  potassium,  and  capable  of  forming  by 
double  decomposition  salts  of  corresponding  constitution,  called  chromicyHnidee, 

CMromieyanide  of  Cobalt  is  a  blue  precipitate. 

Chromu^anuU  of  Hydrogen,  or  Hydrockromicyamc  acid,  GB.Cy.Cz'Oy*,  it  obtained 
in  crystals  by  decomposing  the  silver-salt  suspended  in  water  with  sulphydric  add, 
and  eraporating  the  filtrate  in  racoa 

Ckrtmieyamide  of  Lead  is  a  white  precipitate  while  moist,  greyish  when  dry. 

CkromMVunids  of  Potamuni,  6KCy.Cr  Cj-',  forms  ayetala  isomorphous  with  the 
ferrieyani<M,  and  exhibiting  the  faces  ooP  .  f  P  .  —  P  .  [P«].  The  solution  gives 
a  white  pi^pitate  with  tinc-uUt^,  brick-red  with  frrrout  salta,  white  with  nitrate  of 
tilvtr  :  it  does  not  precipitate  nitrate  of  lead  or  ferric  salts. 

CTiUrzSE  OP  CZVJrAMTX..     C'»m^O  =  C'H'O.Cy  (1.  990). 

OTAirZS&B  or  COmAZiT.  Protocyanidt  of  Cobalt,  or  Cobaltnus 
Cyanidr,  is  obtained  by  adding  cyanide  of  potaMinro  to  a  coboltous  salt,  as  a  fle«h> 
coloured  or  light  ciuuamou -coloured  precipitate.  It  dissolTes  in  excess  o(  tho  alknliii** 
cyanide ;  and  the  solution  exposed  to  the  air  is  converted  into  a  double  cyanide  of 
cobalt  and  potateium,  analogous  in  composition  to  the  ferricyanidea,  and  }nekiing  by 
doubltt  det'ompoeitioD  a  series  of  salta  calli»d  Cobulticyanides,  whose  comjKVftilion 

is  expressed  by  the  general  formuLi  6MCy.Co'Cy*  —  fCo'V'l^"'  ^^^  suppose  these 
salts  to  contain  oeUUticttm,  co  =  |  Co,  the  formula  may  be  reduced  to  2MCy,oo''Cy  «> 

The  SesguityoMidt  of  Cobait,  supposed  to  exist  in  these  salts,  is  not  known  in  the 
•eparate  state. 

Cobaltieyanidt  of  Ammomitim,  (NH«)*Co*Q)r'«  +  aq.  -  6NH«Cy.Co»C^  +  aq.. 
obtained  by  Deutmlising  hydrocobalticyaoic  acid  with  ammonia.  crystaUises  in  rhombic 
tablets,  very  soluble  in  water,  sparingly  soluble  in  alcohol,  and  decomposing  at  230"  C. 

Cobaliieyanide  of  IJanutn,  Ba'Co'Cy"  +  24  aq.,  obtained  by  dissolving  carbonatn  of 
barium  in  hydrocobalticyanie  acid,  crystallises  in  colourless  prisms,  very  soluble  in 
water,  insoluble  in  alcohol,  efflorescing  in  warm  air,  and  more  quickly  at  10U°  C. 

Cobalticyanide  of  Cadmium  is  obtained  as  a  brown  precipitiitw.  which 
afterwards  turns  white.  It  is  soluble  in  acids  and  in  excess  of  cubaltieyanide  of 
potassium. 

Cobalticyanide  of  Cobalt,  Co'Cy"  -  3CoCy*.Co'Cy«.  analogous  in  composition 
to  TumimlTt  blue  (see  CyAxmas  of  Ibon),  is  prepared  as  fullows  : 

I.  Cobalti(^anide  of  potassium  forms  with  sulphate  of  cobalt,  a  light  red  precipitate, 
which  may  be  completely  fi^ed  from  the  potasaium-salt  by  washing.  The  sume 
peeipitate  is  formed  by  adding  hydrocobalticyanie  acid  to  cobalt-Etarts.— 2.  Wlien 
hydrocobalticyanie  acid  in  the  «iry  state  is  beared  with  strong  sulphuric  acid,  and 
water  added  before  tlie  decomposition  is  complete  {vid.  inf.),  cobalticyanide  of  cobalt  is 
precipitated  in  the  form  of  a  pale  red  amorphous  body.  The  product  obtained  by  (I) 
contains  14  nt  water,  part  of  which  it  loses  at  100°  C,  tnruifigblue  at  the  same  time, 
and  the  rest  at  a  higher  (emprraturc  The  produot  obtained  bv  (2)  contains  only 
1 2  at,  water ;  when  heated  it  gives  off  water,  and  turns  blue.  Cobalticyanide  of  cobalt 
is  perfectly  insoluble  in  water.  Caustic  potash  decomposes  it,  sepnratinfi  bydrated 
protoxide  of  cobalt.  Ammonia  dissolves  it  purtially,  forming  a  reddish  aolntiriD,  and 
Sfparjiting  a  green  powder.  Mercuric  oxide  has  no  action  upon  it.  The  prtvluct  (2) 
r»-i8f.'i  the  action  even  of  strong  tiitrio  and  hyflrochloric  acid>.;  from  (I),  howevfr, 
strong  acids  extract  water  and  turn  it  blue.  The  anhydrous  compound  hiis  a  deep 
Idtie  colour;  in  contact  with  moist  air.  it  rapidly  nbsorbs  water  and  turns  red :  when 
water  is  poured  upon  it,  coni!>iiiation  takes  phtce,  attended  with  great  evolution  of 
heat,     (Zwenger,  Ann.  Ch.  Pharm.  IxJL  172.) 
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Cchalticffanidt  of  Copper,  8CtiCy».Co«Cj*.— The  denw  »ky-bla©  prorrpitnt* 
vhich  cobaltioTunide  of  potasailun  fonas  with  cupric  salts (Gm elin).  It x»  J«o  fanned 
by  precipitating  cupric  salta  with  hydroeobalticyanic  acid.  It  is  insoluble  in  w«t«r 
■od  in  iicida  ;  warm  potash-Icy  separates  cupric  oxide  from  it ;  ammonia  diasolre*  it 
completely,  forming  a  blue  solution.     (Zwenger,  Ann.  Ch.  Pharm.  bdi.  170.) 

Ammonio-obbaUicyanide  of  Cpp;wT,4NlI*.Cu*Co='Cv'*. — CrystAllisot  by  alow  eTaporai* 
tion  from  the  ammouiacal  aolation  of  cobalticyanide  of  copper,  in  small,  shining,  aatm* 
coloured,  four-sided  prisms,  with  octagonal  summits  ;  alcohol  added  to  the  aoUDO- 
niacal  solutioa  throws  down  the  compound  as  a  blue,  alightly  crystaUine  poiwdcr  of 
roach  lighter  colour.  The  crystals  are  insoluble  in  water ;  when  ejqxMed  to  the  air  of 
iientod  to  11)0'^  C.  th(^y  give  oflTammouta,  become  opaque,  and  asnime  a  lightRr  colo 
I  Acids  withdraw  the  ammonia  completely,  leariug  cobiilticyanide  of  copper  In  the  foi 
cf  a  light  blue  powdrr.  When  the  compoond  is  heated  with  potash,  ammonia  is  gin 
ofl^  cupric  oxide  separated,  and  cobalticyanide  of  potassium  left  in  solution.  (Z  w  e  d  g  er, 
loc.  ciU) 

Cobalticyanide  of  Hydrogeti,  or  Hydrocohnlticyanic  acid.  Il^CoK^y"  - 
8H(>.Co'Cj*.— Obtaiaed  (1.)  bypassing Hulphnretted  hydrogen  through  watt-r  in  which 
col»alticyanideoflead  [or  of  copper]  is  dSFaaod,then  filtering  and  evaporutlng  to  the  cry" 
talline  point. — 2.  By  decomposing  the  concentrated  aqucooe*  solution  of  cobalticyanu 
of  potussinm.with  a  slight  exceas  of  sulphuric  or  nitric  acid,  adding  absolute  alcohol,  tn 
recrystallising  the  mass  which  remains  after  eTsporatioa.  Crystalliaev  in  deliquescoit, 
colourless,  trADsporent  needks,  having  a  strongly  add  taste.  When  heated  aboTe 
100^  C.  it  flnt  gives  off  water,  then  hydrocyanic  acid,  hjdrooyanate  of  ammonia,  and 
carbonate  of  ammonia,  and  at  250°  C.  leavf«  a  blue  powder,  which  at  a  higher  tempetar 
ture  is  converted  into  black  carbide  of  cobalt  The  aqueous  solution  siSers  scarcely 
any  decompoflition  by  boiling.  This  acid  decompoaea  carbonates  and  disuolTes  iron  and 
sine,  with  erolution  of  hydrogen.  It  dis^olTes  in  alcohol,  but  is  insoluble  in  anhydron* 
ether;  it  is  not  decomposed  by  hydrochloric  acid,  faming  nitric  acid,  or  oqua-regta. 
When  heated  with  oil  of  vitriol,  it  is  resolved  into  carbonie'oxide,  carbonic  anhydride, 
sulphuroufl  anhydride,  siilfihato  of  nmmoBium,  and  sulphate  of  cobalt ;  thfi  addition 
of  wiiJur  before  comi<ieto  dccomnosition,  ^vea  rise  to  the  separation  of  red  eobolii- 
oyaaide  of  cobalt,  which,  when  keated,  gives  off  water  and  turns  blue.  (Zwenger, 
Ann.  Ch.  Phami.  LxiL  147.) 

Cobalticyanide  of  Iron  (fcrrnxum)  is  a  white  precipitate  obtained  vritli  ferrons 
sulphate  and  cobalticyanide  of  potassium.  Ferric  BtutB  give  no  precipitate  with  the 
lattf;r.     (Zwenger.) 

Cobaltic^anidt  of  Lead,  Pb*Co*Cy'*  +  4aq.,  obtained  by  decomposing  carbonata 
of  lead  with  nydtocobalticyanic  acid,  crystallises  in  nacrooua  scales,  very  aolnble  in 
water,  insoluble  in  alcohol.  Ammonia  added  to  the  aqueous  solution  thvowa  dova 
a  basic  salt,  2Pb»Co»Cy".PbH-0''.3PbO.     (Zwongsr.) 

Cobalticyanide  of  Manganese  is  a  white  precipitate. 

Cobalticyanide  of  Merourosum  is  a  white  precipitate.  Mereurie  actitg  afa  not 
precipitated  by  cobnlticTHnide  of  potassium. 

Cobalticyanide  cf  Nickel,  Ni'Co'Cy". — Cobalticyanide  of  potassium  forma  vith 
pulphate  of  nickel,  a  flaky  precipitate  of  a  light  sky-blue  colour  (Gmelin),  ligbt-gTC«a 
(F.  and  E.  Rodger*).  The  precipitate  is  not  attacked  by  boiling  hydrochloric  ■"' 
(Liebig). — .According to  Zwenger,  the  precipitate  obtained  by  adding  cobaltic7~ 
of  potassium  to  nickel-salts  always  contains  cobalticyanide  of  potuasiuux,  which  ( 
be  removed  by  washing.  To  obtain  cobalticyanide  of  nickel  in  a  state  of  purity,  it  is 
necessary  to  precipitate  a  nickel-salt  with  excess  of  hydrocobalticyanic  acid.  The  pre* 
cipilato  thus  obtained  is  gelatinous,  of  a  light  blue  colour,  and  when  exposed  to  the 
air,  dries  up  to  a  transparentj  greenish-blue,  vitreous  nuis.t,  exhibiting  a  conchoidal 
fracture.  It  is  perfectlj?  insoluble  in  water  and  in  acids.  Potash-ley  d«>composea  it, 
separating  hydrated  oxide  of  nickel,  but  ammonia  dissolves  it  completely.  I)ried  at 
100°  C,  it  contrtins  6  at.  water.  At  a  higher  temperature,  it  gives  off  its  winter  and 
turns  grey ;  but  the  anhydrous  compound,  when  exposed  to  the  air,  quickly  absorbs 
a  quantity  of  water  equal  to  that  which  it  baa  lost,  and  pcfumea  its  original  colour. 
(Zwenger.  Ann.  Ch.  Pharm.  Ixii.  173.) 

Ammomo-cobalticyanidf  of  Nickul.  4NH'.Ni»Co«Cy'*  +  7Hq.— Recently  precipitated 
cobalticyanide  of  nickel  dissolves  readily  in  ammonia,  forming  a  bluish  solutioo,  which, 
when  slowly  evaporated,  deposits  the  ammonia-coniiKiund  in  bluish  crystalline  acalesu 
TLe  compound  may  also  be  precipitated  from  the  aromoniacal  solution  by  alcohol;  Utf 
precipitate  is  white  at  first,  but  when  allowed  to  settle  down  quietly,  it  aasmnM*  | 
Wuish  colour.  Tlie  precipitat^i  is  amorphous,  and  insoluble  inwiitcr.  Acida  withdraJI  _ 
the  atnmoniai,  and  leave  cobalticyanide  of  nickel  in  the  form  of  a  light  blue  powder. 
This  compound  undergo^  no  alteration  when  heated  in  the  air  to  100°  C. ;  at  a  higher 
t*niperaturo  it  takes  fee,  and  bums  away  with  strong  intunieseenec.  (Zwenger,  W. 
pit.) 
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Cobaltieyanidt  of  Potatiivm,  K*CoH:y»  =  6KCy.Co»Cy«.— Ottaiopd ;  I.  By 
tnttttng  prot<xrjanid«  of  cobalt  with  anurous  cj'anido  of  potAMittin.  or  by  gwjtlT  heating 
CitrboBAte  of  oobult  with  mta»h  nnd  hydrucyiinic  acid.  If  the  actioa  tokn  place  in  • 
cloN  TetBoI,  it  is  attendcu  with  crolutioa  of  hydrogen  (G  me  1  i  q)  : 

8KCy  +  2roCy'  +     2W0    =  K«Co»Cv'»  +  2KH0  +  H* 
2CoO  +  6KH0   +  l2HCy   =  K«Co*Cy'»  +  8H'0    +  H»; 

in  oontACt  with  the  air,  however,  no  evolution  of  hydrogen  takes  pUu»,  hut  oxygen  is 
absritbed.  The  product  is  puriflwi  by  recrystuIliNition,  If  the  crystuls  arc  contami- 
nated with  cyanide  or  cnrbonate  of  prjta«f$ium,  thc'^e  salt«  mufst  be  decomp'jged  with 
acetic  acid,  and  the  solution  precipitated  by  alcohol. 

Cobalticyaiiido  of  potasaiom  forms  anhydrous  flattened  prisms,  transparent,  slightly 
jellow,  and  isomorphous  with  ferrocyaoide  of  potassium.  Ordinary  combination 
+  P .  —  P .  osPoo  .  [  qbPco  ],  the  face  —  P  eometiin«e  predominatiDgoTer  P.  Twin 
crystals  likewise  occur.  The  salt  is  very  soluble  in  water,  insoluble  in  alcohol.  "VMien 
heated  it  melts  to  a  dark  olive-green  mass,  and  if  not  in  contact  witli  the  air.  gives  oflF 
oitxogen  and  cyanogen,  ultimately  leaving  c}ivnide  of  potassium  and  carbide  of  cobalt 
Sulphuric  or  nitric  acid,  added  in  excess  to  a  strong  solution  of  the  salt,  throws  down 
cobalt i cyanide  of  hydr«:>gon.  The  dry  salt  heated  with  strong  sulphuric  acid  is  com- 
pletely decompoflod,  giving  off  a  mixturo  of  carbonic  oxide  and  carbonic  anhydride, 
and  leaving  sulphate  of  cobalt  mixed  with  sulphate  of  ammonium. 

Cobaltieyanide  of  Silver,  Ag*Co*Cy"  =^  6jigCy.Co''Cy*,  obtained  by  precipi- 
tating nitrate  of  silver  with  cobalticyanide  of  potassium,  is  a  white  curdy  mass,  anhy- 
droiM.  insoluble  in  water  and  in  acids,  not  altered  by  light. 

It  dissolves  in  ammonia,  and  the  solution  yields  by  evaporation  colourless  prisms  of 
twimonio-coixUhcyanide  (jf  eili'er,  2NH'.Ag*CoH^'«  +  aq.,  or  cobalt ia/anide  of  silvar 

mdarffentammonium,Co^(Y2\^^%^f^\  +  »q. 

Cobaltiejfanidt  of  Sodium,  Na*Co'Cy'»  -f  4aq.,  prepared  by  saturating  hydro- 
cobalticyanic  acid  with  carbonate  of  sodium,  forms  colourless  transparent  needles,  very 
soluble  in  boiling  wnt^r. 

Cohaliieyanide  of  Tin  {siannovt)  is  a  white  precipitate. 

Cohalticyanide  of  Zinc  is  a  white  precipitate. 

OTAVXBBS  or  COPVXX.  Cynnogoo  unites  with  copper  in  tlireo  different 
propoitions,  forming  the  cupric,  cuprous,  and  cnproso-cupric  cyanides,  tlie  last  of  which 
mar  be  regarded  as  a  compound  of  the  other  two. 

DicTAKtDB  or  CoppBR  or  CcpBic  CvAirtni,  Ciai''Cy',  is  known  only  in 
the  hydrated  state,  and  is  obtained  as  a  brown-yellow  precipitate  by  adding  cyanide 
of  potassium,  not  in  excess,  to  cold  solotions  of  cupric  salts  (Sch  eel  o).  or  hydrocyanic 
add  to  sfjlution  of  cupric  acetate  (Pagensteclior).  It  is  very  un£table,  decom- 
posing spontaneously,  even  at  ordinary  temperatures,  luto  cyanogen  and  h^-dratod 
cnpTDSO-cnprie  cmnide :  hence  its  properties  arc  but  little  known. 

According  to  Bui gnct  (J.  ITiarm.  [3]  xxt.  168),  cnpric  cyanide  is  produced  only 
when  cupric  sulphate  is  added  to  excess  of  cyanide  of  potassium,  as  a  yellow-green 
precipitate  whicn  subsequently  redissolves ;  if,  on  the  contrary,  the  cyanide  of  potas- 
bium  is  added  to  excess  of  the  cupric  salt,  cyanogen  is  evolved  and  cuprous  cyanide  is 
formed. 

Cvprico-€i/anide  cf  Potassium,  2KCy.Cu''Cy',  separates  on  evnporation  from  the  above- 
mentioned  solution  of  cupric  cyanide  in  cyanide  of  potassium,  in  rhomb<.»hcdra1  crystals. 
It  dissolves  in  2  of  its  weight  of  water  at  15°  C,  and  in  \  pt.  at  the  boiling  heat  The 
Mturated  Bolntion  boils  at  about  120".  The  eolution.  which  is  colourless,  is  pre- 
cipitated by  fixed  alkalis  and  coloured  by  ammonia  (Buignet). 

HoKOCTANiDB  OF  CoppEB,  or  CuPHoTTS  Ct Ah' I DE,  (Cu')''Cy'. — This  Com- 
pound is  obtained  in  the  form  of  a  white  hydrated  powder  by  adding  cyanide  of 
potassium  or  hydrocj-anic  acid  to  a  soUuion  of  cuprous  chloride  in  hydro- 
chloric acid,  or  to  a  solution  of  cupric  sulphate  mixed  with  sulphurous  acid.  The 
fri'CkpitAto  is  soluble  in  aqueous  ammonia,  dilute  adds,  and  alkaline  cyanides, 
t  melte  when  heated,  giving  off  water,  and  leaving  a  light  brown-red  tumefied 
mass. 

Cuprous  cyanide  may  be  obtained  in  anhydrous  crybtals.  possesting  considerable 
lustre,  by  euspending  in  water  the  compjund  of  cuprous  cyanide  and  cyanide  of  lead, 
and  passing  sulphyuric  acid  gas  into  the  liquid,  taking  core  to  avoid  an  excess. 
Hydrociiprocyanic  add-  (cyanide  of  cuprosum  and  hydropen)  appears  then  to  be  formed, 
and  if  the  filtered  liquid  be  left  to  evapomte  sponTnnoously,  it  gives  off  hydrocjTinic 
acid  and  deposits  cuprous  cyanide  (W6h  I  cr.  Ann.  Ch.  Pharm.  lixviii.  S70). — Accord- 
ing to  Danber  {ibid,  Ixxiv.  216),  the  crystals  bvloug  to  the  monoclinic  S}*st«m,  the 
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dominant  faces  l>eing  ooP  .  odPoo  .  oP.  Incliniition  of  obP  :  u»P  in  the  pLme  of  tb« 
eHoodiagonal  and  principal  uis  =  es°  32'  ;  oP  :  ooP  «  70^  16' ;  oP  :  odP«o  > 
63°  10.  Batto  of  ortbodiagon&I  to  clinodiagonal  «»  0-£463  :  1.  Cleaxagt  pcrtecV 
parallel  to  oP. 

Caproiu  cyanide  unites  vitb  tlie  cyanides  of  the  alkali-metals,  forming  colo^triesa 
■aita,  which  may  be  called  caproao-cyanidcs,  from  which  acida,  added  to  tbtsr 
folutiona,  precipitate  cuproua  cyanide  in  thick  white  flakes  with  evolution  of  hydro* 
cyanic  acid. 

Cuprotcet/anide  of  Ammonium,  (NlI«)»(Cu»rC^V  or  2NH«Cy.(Cu»)''C^«.— If 
in  the  prepamtion  of  tetrammoiiiaoal  cuproso-cupriccynride  (p.  209),  the  piiasa^  of  ths 
gas  be  C0Dtinuc>d  after  tho  ncciiltiS  of  tlie  green  cyanide  haye  formed,  these  crystals  firet 
rediBSolve,  after  Tvhicli  tho  liquid  gniduully  |i  mt'S  ita  colour.  When  concentrated  and  left 
to  cool  slowly,  it  deposits  beautiful,  colourlesa,  prismatic  neodl&f  of  cupiroiK><7«ntd« 
of  ammooium.  This  salt  is  but  sparingly  Boluble  in  wat«r,  and  decomposed  when 
eontinuoQsly  boiled  therein.  At  lOO^C,  it  gives  off  cyanide  of  ammonium,  and  at  s 
tempera tura  a  little  alxive,  is  rapidly  eonTcrted  into  cnprona cyanide.  (Dufau,  Compt. 
rend,  xxxvi.  1099.) 

Cupraaacyanide  of  Barium. — When  aqueous  hydrocyanic  acid  is  poured  npon  a 
fixture  of  carbonate  of  copper  and  hydrate  of  barium,  tho  whole  diaaolves  with  brisk 
efierrescence,  forming  a  crimson  solution,  which  leaves  a  colourless  residue  when 
evaporated.  Water  poured  upon  the  residue  dissolves  out  the  colourless  doable  cyanide 
iMTing  a  residue  of  carbonate  of  biirium.     (M  e  i  1 1  et. ) 

Cuprosocyamde  of  Biamuth.  — Cuprosoeyanide  of  potassium  a  (p.  210)  forms, 
vith  bismuth-salts,  a  ;relIowi8h- white  precipitate,  which  dissolves  in  acids  with  evola* 
tion  of  hydrocyanic  acid.     (Ittner.) 

CuproBocyanide  of  Cadmium. —  Cyanide  of  cadmium  and  potassium,  added  to 
solution  of  sulphate  of  copper,  throwa  down  a  brownish-white  pFecipitate,  with  evolation 
of  cyanogen  gaa.    (Raramelaberg.) 

Cm  pro  90  cyan  ide  of  Copper,  or  Cuproao-cuprie  Cjfa»id<i^Cvi.*Cy*  =  Cu*Cy'»(Cu*)"Cy« 

"■  ICxi'Y  l^^*' — ^^®  brownish-yellow  hyclratcd  cupric  cyanide  precipitated  by  cyanida 
of  potassium  from  cold  solutions  of  cupric  salts  (n.  207)  gradually  gives  off  cyaflog<a« 
and  is  converted  into  cuproso-cupric  cyanide  (Wohler,  Graeli  n).  The  same  com- 
ponnd  ta  obtained  by  precipitating  a  cupric  salt  with  cuprosocyanide  of  potasstQB 
(Rammelsbcrg).  When  washed  and  dried  at  ordinary  tcrr.pcratxiTt'S,  it  fimnv 
siBkin-greea  cr}-ata,Uine  gninules,  or  transparent  prisms,  having  a  strong  lustre. 

According  to  Duf  au  (Compt.  rend,  xxxvi.  1099},  cuprous  and  cupric  cyanide  f< 
two  compounds,  one  having  tho  composition  just  given,  the  other  containing  2 
cuprous  to  1  at.  cupric  cyanide. 

a.  Dufau  prepares  tho  preceding  compoimd  bypassing  into  a  tolerably  dilate  solodoa 
of  ft  cupric  salt,  a  solution  equally  dilute  of  cj-anide  of  potassium  or  hydrocyanic  acid, 
in  such  proportion  as  to  leave  a  considenible  quantity  of  tlio  coppyr-salt  undecomposeti ; 
—or  by  passing  a  stream  of  hydrticA-anic  acid  vapour  into  water  in  which  cupric  oxide 
IB  sospended.  The  precipitate  formed  is  yellow  at  first,  but  rapidly  becomes  grren, 
and  gives  off  a  considerable  quantity  of  cyanugea.  The  green  precipitate,  which  has 
a  crystalline  aspect,  contains  i  at.  water,  s<>  that  its  formula  is  Cu'Cy*  +  aq. 
At  100'-'  C,  it  gives  off  water  wiLnout  deconipofnng,  but  at  higher  temperatures  it  gives 
off  cyanogen,  and  is  converted  into  cuprous  cyanide.  Acids  neparate  white  cuprous 
cyanide  from  it,  producing  at  the  aume  time  a  cupric  suit,  ana  eliminating  hydro- 
cyanic acid.  Caustic  potash  traiisforms  it  into  cuprocynnidc  of  potassium  and  cupric 
oxide.  Ammonia  diisolves  it  very  easily,  forming  a  blue  liquid.  «hich  by  spontaueons 
evaporation  deposits  beautiful  green  needles  of  Letrammoaiacal  cuproso-cupric  cyanide 
(p.  209).— It  dissolves  very  readily  in  aqueous  cyanide  of  potassium,  forming  a 
colourless  or  slightly  bluish  liquid,  which  soon  cJianges  to  a  a^talHne  mass,  hanng 
a  nacreous  aspect,  and  consisting  of  cuprosocyanide  of  potasBium ;  its  formation  is 
attended  vrith  evolution  of  cyanrtgen. 

A.  2(Cu«)'Cy*.Cn''Cy«  +  aq.  =  2(0"*)"  J^J^  +  aq.— When  a  cupric  salt  ia  precipi- 
tated by  s  moderately  conrentrated  solution  of  cyanide  of  potissium  added  in  Riffident 
quantity  to  throw  down  nearly  all  the  copper,  an  amorphous  powder  is  obtained  of  as 
olJva-ytllow  colour,  and  a  large  quantity  of  cyan*jgen  is  given  off:  tho  precipitate  has 
the  composition  above  stated. — Both  this  compound  and  (lie  preceding  (a)  are  TeiT 
instable,  sometimes  decomposing  Bpontaneouisly.  sometimes  on  the  slightest  rise  of 
temperature,  and,  especially  in  presence  of  a  large  excess  of  hydrocyanic  add,  giving 
off  cyanogen,  and  leaving  cuprous  cyanide,     (D  uf  au.) 
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4-  J»q. — ^Wlten  h  ««lut3oo  of  cyuniilc  of  smmonium  ia  mixed  with  a  cupric  nnlt,  a 
ponsidernbl**  qimnlity  of  cywiingf  n  is  disenpagcd,  and  a  bluibh-preeii  pn-cipitnto  is 
f»pTn«I  coiiUiining  ammonm,  und  hHving  the  aimpiisit ion  just  KtaUd. — Blubh-gre'-ri 
RmnrphoiM  [Kiwder,  slightly  soluble  in  euld  water,  to  which  it  impartB  a  faint  blue 
eiiUrttr;  wheu  boilod  in  water,  it  gire«  oif  ammonia  und  is  reeolvcd  into  oaproc^Anid« 
of  itmm'jaium,  which  remains  in  solution,  and  cuproua  cyanide,  which  is  prwripitAted. — 
The  (*tiprr]U9  cyiLoido  obbiineil  in  thin  and  in  certain  aintiLir  raiielionH  hait  more  or 
1f9»  of  u  brxwn  colour,  but  ia  idonticjil  in  coniposiliun  with  tho  white  eyatiide.  Th« 
eontpouiid  in  pt-rmaneDt  itt  tha  air  at  ordinary  tt-mperutureg,  but  gives  off  water  and 
ammonia  at  lUO''  C. ;  a  bmt  aomewiiat  greater  converts  it  rapidly  into  cupniua 
cyanide.     (Dul'au.) 

Trtmmmnniactd  fuproio^ipric  C^mtide, 4NH*.Cu»Cy«.CuCy'.  =  t^'H-Jcvr!^^'"" 
1.  The  precflding  com^iound  ditisolres  readily  in  ammonia,  forming  a  (iky-bluu  liquid, 
which  ty  BjiontaneouH  evjiporation  depoKJtji  beautiful  green  De«dU'«,  baring  Ihc'  com- 
p<witioii  just  stated. — 2.  A  more  convenient  nH^thixl  of  obtiiinin^  this  ciimpjund  id  to 
pawt  a  sin-ain  of  hydracyanic  acid  vap^fur  into  ammonia  c>>ntaining  cupric  oKide  in 
RUM[)enBion.  Tho  oxide  of  coppvr  diaaolve*  at  flr^t  under  the  influence  of  the  hydro- 
r>'niiic  acid  ;  hut,  after  a  whiles,  small  brilliant  grei^n  nctfdles  appear  in  the  Ii4uid,  and 
illcrciiTC'  rapidly  in  quantity;  tht*  operation  \»  Liien  to  bu  stoppHl,  and  tho  liquid  \cl\ 
to  CHil,  whort'npon  it  deponitD  anothur  crop  of  the  green  noe»llei«,--3.  This  salt  ie  also 
fomu'd  by  didsolving  cuproua  cyanide  in  ammiHiia.  TUe  solution  remaiua  c^lourlcas 
if  protectwi  from  tho  air.  but  if  oxyiJen  ha*  accc*«  to  it.  in  ever  so  aniall  a  quantity, 
it  rapidly  luma  blue,  and  when  evapomtcd  deposita  the  green  oeodloa  of  th« 
totmuimoniacal  salt. — Tctmromtinincal  cupr<*ric«pric  cyanide  forms  l«.'iut.ifal  green 
prtuniatic  needle*  baring  a  metallic  liiMre;  it  is  unalterable  in  th«f  air,  iiiwlnble  in 
wator,  and  exhibits  with  varioim  rcugcnta  the  aame  actions  aa  cuproe<.icupric  cyanide 
and  the  monammoniacal  conipnund.     (I)nf  au.) 

HetammoHiaeaJ  Cuprom-cupric  Cynnidr,  6NU».Cu«Cy«.CuC3-»=  ^J^^*™  W  \  ^^*— 
I'lie  t«tmmmoDiacal  compr-urd  diaaolrea  readily  in  warm  nqueoa.M  ammonia;  and  if 
the  ammonia  be  conatajitly  k<>pt  in  oxecfis  by  paaaing  a  stn>am  of  ammoniac^d  gaa 
inV>  tlie  liquid,  the  solution,  when  aftorwanlH  left,  to  e>io|,  depoait^  eith>-r  prinmatic 
needles  or  cryrtalltne  plataa  of  a  fine  blue  colour.— This  8rtlt.  when  oxpo^ed  to  the 
air,  giree  off  ammonia  ami  turii««  pret- n.  It  nmy  ab*o  be  prejiared  from  cuprosocupric 
cyanido,  or  the  diJiinmoDiaral  com^uund.    (D  u f  au.) 

ntramnumiacal  Dieuproto-cttpru  Cs/mide,  4NH».CuCy«.2Cu»Cy»  =  N''U-(  <  \x'f  \  Cy\ 

(ru»)"  j 

— When  an  ammoniaral  tolution  of  cupric  oxide  is  ponred  into  aqm-ouit  hydro- 
cVAnic  acid,  till  tha  odour  of  unjmoniadi>citl«lly  prwlominates,  the  slightly  yt-llow  liquid 
tlien  hcHto<i  to  the  boiling  point,  the  heal  kept  up,  and  the  gradual  addition  of  the 
aronioniacal  copper-ef^lulion  continued  till  ita  dark  blue  colour  oo  longer  d itiappfarti, 
micHceoui  crystalline  lamina?  make  their  appearance  utttt  a  whilo.  If  the  liquid  be 
then  fihered,  it  yjelda,  on  cooling,  preen  r^'Ctangular  laminae  of  remarkable  luMn*. 
Thev  hare  a  comp<j«iitirin  denoti'd  by  the  prfceding  formuLi  together  with  2  at,  water. 
On  heating  them  with  equal  Tolnmefi  of  solution  of  caustic  ammonia  and  carbonate  of 
ammonium  not  too  dilutf,  a  blun  ardutiun  is  obtained,  which,  after  boiling  for  an  hour, 
deponitn  ■bitting  blur  lamime  of  the  anhydrous  compound.  The  gntcn  lamiii»  also 
turn  blue  when  ir»>jitc'd  with  the  fix«l  albiliit  or  their  carbonnt^-ft,  even  in  tiie  c«jld, 

Tbf  compound  id  quite  in»jluble  in  c«jld  water,  and  is  decomposed  bv  boiling  water, 
with  fiimalKin  of  a  brown  unbstance.  Dilute  acids  separate  from  it  white  cupruna 
cyanide,  which  disaolrfs  on  brjiling.  with  eruluLtui  of  hydrocyanic  acid,  (llilkeo' 
kaiTtp,  Ann.  (h.  rtitu-m.  xcriii,  218.) 

Monthif  r»  (J.  Pharm.  [3]  xi.  257),  by  precipitating  cupric  sulphate  with  cyanide 
of  ctiprotiiim  and  ammonium,  obtained  a  yellow  precipitate,  to  which  he  assigned  the 
formula  A'/f'.CVry.2C'*«'ry./^0. 

Cuprotocyanidenflron.—a.  Cnprosocyanide  of  potaasinm, a, forms,  with  ferrie 
satta,  A  gretniah  yellow  precipitate,  from  which  acids  diawjlve  out  cnproos  cyanide, 
leaving  a  residue  of  dicj-anide  of  iron  (Ittner).  The  precipitate  is  white,  but  turns 
yellow  when  exposed  to  thp  iiir,  tho  wurfuce  becoming  yellowish  gr«-en  (KatnmeU- 
brrg). — A.  Cuproeocyanido  of  potawsium  e  forms  a  yellow  precipiutc,  which  turns 
greenish  on  expoeure  to  the  air  (Rammclsborg) ;  according  to  F.  &  E.  KiKlgfrM, 
the  nrecipitate  is  white.  With  ferrous  sulphate  free  from  ferric  oxide,  no  precipiiaie 
is  iormed  (G  m  e  1  i  n).  For  the  utbcr  double  cyanides  of  copper  and  iron,  see 
CT4K1DKS  or  laoM. 
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Cuurosott/anide  of  Lrad.~a,  The  poUMfsium-Ra.lt  fo.-rog,  with  Ie«d'j>a]rs,  % 
wliifisli  prfini  preeipitAte  (whJUs,  according  to  Ruramelfiberg),  which  diseojrrs  in 
lu'iJs  with  evoluLJoii  of  hydrocyttiiic«cid(I  ttner).  — k  Tlio  co|.per>«alt  b  pr^apitMttt 
lead-salt*  in  fiae,  whife,  cordj  flakca.     (Giuflin.) 

Cupro$Qct/anide  of  Manoanese o.  Cuproaoejranide  of  pctissium  a  forms  with 

manganous  salts  a  yellowish  white  precipiute,  which  disiwlTes  in  ucid»  with  erolntioii 
of  hydrocyanic  acid  (Ittner) — b.  The  potaasiummilt  o  fornoa  ii  white  precipitate 
with  manganoag  BAlta.     (G  tE  f  I  i  n. ) 

Cuprotocyanide  of  Po*a*»ii«fli.  — Cuprous  cyanide   fonna  thiw   compoanda 
with  cyuiide  of  potassium. 

«.  2Kry.Cu*Cy*  =  ,^^^j^![ry*.— This  salt  wag  di»Cf.v.rwl  by  Ittner,  and  AutlMr 

inrestigiitcd  by  Leopold  Gmelin  and  Ranuufllflbezipr- 

I^rt-pa ration, — 1.  Cupric  hydrate  or  cuproao-cupric  cyanide,  ia  diaaolred  in  aqneoua 
onnide  of  potaaaium,  and  the  filtrate  evayiorated  to  the  cry^talliaing  point  (Ittoer). 
Jrlotithiera  pouw  escesa  of  potash  on  hydrated  euprie  oxifle,  and  adds  hjdtocyanie 
a<«id  till  the  hydrate  is  disaolTcd,  and  the  liquid  li«*r>onies  quit*  coloorleaa.  Ta 
obtain  II  pcrfpctty  white  salt,  he  arnids  thp  iippliration  of  heat. — 2.  Cuprons  cyanide 
ii»  precipitated  hy  c^yanide  of  potossiam  from  the  solution  of  cuprous  chloride  in  njdpo- 
chloric  acid,  wnd  potash  added  to  the  liouid  till  it  reddens  turmeric  then  hydro^Tanie 
acid  tiD  ita  odour  become*  permanent^  then  potaah  ugain,  and  so  on  alternately ;  the 
rfsidnal  white  powder  ia  then  dissolved  by  ftdding  a  large  quanti^  of  water  and 
boiling,  and  the  bquid  is  eTaporaftni  and  cooled.  The  salt  a  oystalliae*  out  fiiat,  after* 
warda  the  more  soluble  aalt  b  (Omelin).  — 3.  Thia  compound  may  also  be  obtained 
by  adding  cyanide  of  potaaaium  to  the  aquwut  nolution  of  acetate  of  copper  till  the 
precipitate  which  forms  at  first  is  redissolved.  The  solutioa,  which  ia  formed. with 
evolution  of  cyanogen,  aaaumcs  at  flrat  a  purple-red  colour,  but  aflerwarda,  on  furtluT 
aiidition  of  cyanide  of  portassium  and  heating,  tuma  yellow  {Rammelaberg). — The 
aniubon,  whether  prepared  at-cording  to  1,  2,  or  3,  yielda  on  eraporation  or  cooUng. 
first,  a  wmparatiTcly  arnall  quantity  of  the  crvslallise<l  aalt  a,  and  then,  by  fhrther 
eTrtpomtion  and  cooling,  a  larger  qtiantity  of  the  crystalB  p.     (Ram m  el  9berg.> 

The  salt  forms  transparent  monoclinic  crystala,  exhibiting  the  facea  oP  .  +  '2^- 
--2Pao  ,  ooP  ,  —  P.  [Pool.  The  crysluls  are  ofl-en  much  elongated  in  the  dJi- 
of  the  orthodia^naL  Indmittionof  oeP  :  oeP  in  the oEnodiagonal  aection  =  94  ...  . 
oPt  -P  =  131°  54';  oP:  -2P«  -  l26o  la'.  ^P :  [Poo)  -  186°  46'.  Indiaa- 
tion  of  clinodi.igonal  t^o  principal  axis  =.77*'  8"  (Rammelsberg,  PoKpf.  Ann.  cvL  4911 
The  crystala  are  pale  yellow  according  to  Ittner  and  Cimelin,  but  coloorleaa  accordini; 
to  Rammel»berg,  who  rpgardi'  tlio  colouring  aa  incidental;  ahio  according  to  Meillet 
(J.  Phafm.[3l  iii.  443)  and  Mniithiers  {ibid.  xi.  255).     Taate  bitt«sr»nd  metallic. 

The  crystalB.  when  heated,  give  off  a  flranll  qutiiitity  of  water  [fwobaUj  only  hygro- 
scopic], become  white  and  opaque,  and  afterwards  fiiae  to  a  transparent  liqaid,  pale 
blue  by  transmitted  light,  bat  having  tine  brown-red  particlea  f eating  in  it,  vhid) 
impart  a  brown-red  colour  to  it  by  reflecU'd  li^ht ;  no  further  decompoaitioa  eosnea  at 
M  moderate  red  heat  (GmeHn).  These  brown-red  particles,  which  separate  from 
t!io  originally  colourless  liquid,  Consist  of  very  finely  divided  copper,  whence  also 
proceeds  the  blue  colour  which  the  liquid  afterwarda  exhibits  by  transmitted  light 
(Rammelaherg).  Snlplmretted  hydrogen  passed  through  the  aqueous  solution, 
throws  down  but  a  smiul  quantity  of  copper,  even  after  a  long  time  (Ittner,  Rain- 
m  el  Fiber  g).  The  stronger  acids  added  in  small  quantity  throw  down  whit« 
cuprous  cyanide  and  eliminate  hydrocyanic  acid  (Gmelin).  The  same  effect  i» 
produced  by  tlie  salts  of  ferric  and  stannic  oxide,  excepting  that  the  hydrates  of  these 
oxides  are  at  the  sam^^  time  precipitated  (Ittuer).  Mercuric  salts  throw  down 
cupric  [?ciiprou«]  cyanide,  with  formation  of  cyanide  of  mercury  and  a  potaasium-saiL 
Alkalis  have  no  action  on  this  compound  (Ittner.)  The  crystals  disaolre  apaiingly 
in  water,  with  partial  aepamtion  of  cuprous  cyanide,  whereby  they  become  opaque, 
and  afterwanln  crumble  to  a  white  powder.  The  solution  when  evaporated  first  yields 
cry-stals  of  the  wilt  a,  then  of  c;  the  former  ia  therefore  rendered  ■oluble  in  water 
only  through  the  medium  of  the  latter,     (Rammelaberg.) 

b.  4KCy.3Cu'Cy*  =  g,Q^,.«JCy'».— Formed  by  the  action  of  potaah  on  cnproM 
cyanide.     (RammelsbBrg,  Pogg.  Ann.  Ixiv,  66.) 

c.  6KCy.Cu*Cy«  =   ,^^,y-|Cy*.— Discovered  by  Gnu-lin,  more  minutely  examiwd 

by  BammelBberg.  Prepared  iu  the  same  manner  as  the  aiilt  a.  In  some  eaaee,  tho 
ealt  a  crystallises  first  from  the  liquid,  and  afterwards  the  salt  h  ;  or,  if  the  quantity 
of  cyanide  of  jotassiura  preaent  he  considerable,  the  salt  h  crystalliBes  out  nlone. 
According  to  Prince  Bagralion  (J.  pr.  Chcm.  zxx.  307),  copper  dissolTM  ia  aqueooi 
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or  fcrrocjAniili!  of  poU«8iam,  and  in  this  rcttction  the  SMne  sftlt  in  produc«>d 
togi-tJipr  with  ftx'e  iHttiuth. 

Tliiii  Biilt  forms  colourlpw,  iTHDi^parent.  rhombic  priinw,  tmneated  on  the  Int^ntl 
♦^tlura,  anil  having  G-widtii  unminitH  (GmeliQ).  Permanent  in  tlip  air  (Rammels- 
Iwri^l;  ncfiaires  »  bluwli  whit.'  »int  afti»r  long  keeping  (Gmelin).  Th*«  crystals 
decnpitNtc  when  heated,  and  nt  a  t<'mp<'TMfurp  much  below  rednesw  they  fuse  wi'thmif 
loiw  of  water,  and  form  a  liquid  whioh  i»  likewiMe  blue  bj  transmit t»-d,  and  brnw»)-rf«l 
by  rertccti-d  light,  and  do<^  not  nndtirgo  any  further  dt'coiiifxntition  «t  »  Tnodt'rate  red 
heat ;  on  cooling,  it  MdidificH  iatti  a  msiss  rob)ur«'d  reddish  white  by  admixed  particles 
of  ropr>er.  Small  quantities  of  tb»'  titmnnor  acitla  prvcipitate  ciipmus  cyanide  from 
the  ^fntion,  and  liberate  hydrvwyunic  ucid  (Umelin).  A  similir  effect  iit  produced 
by  ferric  wUtA,  a  precipitut«>  of  liy'lnited  ft-rric  oxide  b<!in«;.  hnw«'v«'r,  fonnetl  at  the 
same  time  (Rammelsuerg).  Men'timuM  nifriit*»  formH  a  green  pn'cipitate  (Gmelin). 
The  mlt  diBulrei  readily  in  water,  and  its  warm  conrt.utrnt.'^i  !«4dntion  takes  op  a 
conaidenble  quantity  of  the  tult  a.  m  thut,  a^i  it  caoin,  eryHtalK  of  a  separate  out 
(Raminel»berg).  The  solution  of  the  wilt  c  forma  a  pale  yellow  precipitate  with 
copr.o  ^J^M^  i<Mnrlin,  F.  Si  t,.  iCiAi^'iu'B;.  iiii;i  pvucipitulu  alumld  ht  Cu*Cy'  or 
(CV  )•(<•«"('' V 

This  Halt  forms  colourleAi,  trunsparent.  monoolinie  prijim««.  exhibiting  the  fa«N»a 
QtP  .  op  .  —  P  .  ['iPaj  ],  witii  the  inclinatioM  »P  :  osP  in  the  dinodiagonal  prin- 
cipal m-tion  -  102O  32';  oP :  qbP  =  102^  10';  oP  :  -P  -  142°  fi9';  oP  :  [2P«c  ] 
-.  130O  67'. 

Cujtroao-cyanide  of  Swrfiwrn,— Formed  by  precipitating  the  «>lutioii  of  the 
correaponding  borium-aalt  with  an  rfiui^-alent  quantity  of  sulphat«  of  KKliitm.  On 
«Taporating  theftltrate,  it  remains  in  the  form  of  umall  needlea  permanent  in  the  air. 
(Mcillet,  J.  Pharra.  [3]  iii.  413.) 

Cuproao-er/anidf  of  Uratyf. — The  potnsaium-salt  c  added  to  uranic  chloride 
throws  down  a  pole  yellow  powdrr.    (Gmelin.) 

CuproMo^yanidr  of  Z/wc. — The  potHHsium-Ralt  a  form*  with  Rirc-«ilt»  a  whit* 
precipitate,  which  diaaolre**  in  aciilfc  with  at-purution  of  pruwic  acid  (,lttner).  Tb« 
[Kjtasaium-salt  c  forma  cunly  white  l!tike«.     (Gmelin.) 

CTAira>a  OF  CmtsmrX.     Sec  Ct-Mo!nTSii.i  (p.  283). 

CTA-lfTDS  Ol»  BTBT&.  Propionitrilt,  Metactt^mitrilt,  Htfdroryanic  fthrr, 
C'lPN  =  l"ll*,Cy.— This  .'omf)Ound  wiia  discovered  by  Pi»loose  in  1834  (Ann.  Ch. 
Ptmrm  x.  249),  further  exatitined  by  Frunkland  and  K^ilhe  (ifud.  Lsv.  269,  288; 
Cliiin.  S-v.  Mem.  iii.  386;  Chetn.  Soc,  Q\i.  J.  L  60).  and  hy  DuraitH,  Malaguti  and 
LiMutic.  Ann.  Ch.  Pliarm.  Ixxir  329).  It  is  obtained  ;  1.  Jly  diwtilling  oyatude  of 
jHitawpiiim  with  cthylffolphatt-  of  potassium  or  barium,  the  difitillate  being  puritlwl  by 
wjisliiiig  with  water,  drying  orer  chloride  of  calcium,  and  rectificnfion  ;  but  the  pre- 
(unition  hy  thia  methoi  is  attended  with  the  evolution  of  an  intolenible  odour,  arining 
from  a  ismidl  quantity  of  a  cyHnogcn-wni|Mi«nd  not  yet  examined,  and  the  purificatiun 
is  Very  difficdt — 2.  By  diHtilliiig  piilveriiied  cyanide  of  potns^ium  with  oxalato  of 
etijyl  (Lowiy).  — 3.  By  distilling  cyanide  of  pota»«ium  with  itxlide  of  ethyl  mixed  with 
four  timc^  itH  volume  of  alcohol,  the  ct^ndensing  appamtuH  Wing  ao  arranged  that  tho 
diatillcd  li'itiid  nuiy  continually  nui  back  uguin,  till,  on  i»eing  test^'d.  it  ahowa  no  truce 
of  iodine;  th«'  contenla  of  the  retort  arc  then  disfillfi!  todrynesfs  (Williamson,  Phil. 
Ma)^  [4]  vi,  2l»o).  According  to  Bui'klon  and  H>'fm:vnri  (Clu-m.  Sjc.  Qu  J.  ix.  250), 
the  cyHuide  of  ethyl  thus  obtained  contains  a  cousid^rable  quantity  of  alcohol,  from 
wliich  it  cannot  \tif  freeij  by  fmctional  diittillation  ;  and  to  obtain  it  pure,  it  muftt  Arst  be 
ci)nvrrt«d  into  propionate  of  potaasium  by  the  action  of  ciiuatic  potash  (tn't/.  in/},  this 
njitt  freed  from  ahohol  V>y  dihtillatiou.  then  convert*^  into  propiuuii-  ether  (by  heating 
it  with  iih'ohol  nnd  Kulphuric  acid),— the  other  converted  into  pnipionwmidf  (N.Jl'.CH'O 
—  C'il'NO)  by  the  nction  of  ammonia  wnder  prensiure,  — and  the  propiotiamide  into 
po^ptonitrilci  (eyunitle  of  ethyl)  by  the  at'tion  of  phosphoric  unhydride.  Btickton  an  I 
ilot'idunn,  however,   rt-giinl  tht-<  us  I  lie  bi-»,t  nuilicid  ol  o)itjiinir»g  pure  cyanide  of  ethvL 

CvJiiiido  of  ethyl  is  a  colourless  liquid,  of  speciflc  gnivitv  O'TM  ^Pelouxr),  O'TSHli  iit 
12-tiO  C.  (Frankland  and  Kolbs).  It  boils  at  82'  C.  (Pelooxi-),  at  88^  (Fr.xnk- 
liind  and  Kolbe).  It  haaa  strougalliaceou-s  odour,  and  is  verj- pr»isonous  (Pelouse). 
It.  is  verj'  Bohible  in  water  (Pelouze),  mo<lerately  soluble,  but  separates  on  thu 
Hddition  of  common  salt  (Frunkland  and  Kolbe).  It  mixea  in  all  proiir>rtion8  with 
alt'ofwi  and  ether. 

L'yumdv  of  ethyl  eohobated  with  aqiuotu  pntn*h  is  converted  into  propionato  of 
|iotattsium,  with  evoluti(m  of  ammonia : 

C'U»N  1-  Kno  +  no  =  c*n»KO'  +  nip. 
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A  nmilar  decompoflition  is  produced  by  dilute  m/phvrie  add  (1  pt  strong  aeid  to  S 
pt8.  water),  the  products  being  propionic  acid  and  sulphate  of  ammonivin : 

2C?H»N  +  H*SO*  +  4H«0  -  2C«H«0«  +  (NH*)».SO«. 

According  to  K  Meyer  (J.  pr.  Cbem.  Ixvii  147X  sulphate  of  ethylamiiM  ia  jttewfn 
formed.  Heated  -vi^  fuming  sulphuric  acid,  it  yields  dirolphetholic  add,  C*H*S*0*, 
together  with  acid  sulphate  of  ammonium  and  carbonic  anhydride  (Back ton  and 
Hofmann  (Chem.  Soc.  Qu.  J.  ix.  260): 

C»H»N  +  3H«S0«  -  C»H«S«0*  +  NH<.H.SO«  +  C0« 

Cyanide  of  pthyl,  treated  with  potassium  at  ordinary  temperatures,  is  paitlj  deootm- 
poeed,  yieldingcyanide  of  potassium  and  hydride  of  ethyl,  and  partly  pol^enaed  into 
cvanethine,  C*H"N*  (Frankland  and  Kolbe).  The  formation  of  h^dndn  of  ethylin 
this  reaction  must  be  due,  either  to  the  presence  of  water  or  alcohol  in  the  cyanide  of 
ethyl,  or  to  the  resolution  of  the  liberated  ethyl  into  hydride  of  ethyl  and  ethylene. 

Cyanide  of  Ethyl  and  Silver.  —When  iodide  of  ethyl  and  cyanide  of  silTer  in 
equivalent  quantities  are  heated  together  to  100°  C.  in  a  sealed  glass  tube,  this  com- 
pound is  obtained  as  a  viscid  oil,  which  solidifies  in  the  ciystalline  state  on  cooling.  It 
IS  also  obtained  in  fine  shining  crystals  on  heating  to  100°  C  a  mixture  of  iomde  of 
ethyl,  cyanide  of  silver,  and  water.  It  does  not  yield  pure  cyanide  of  ethyl  by  dir 
distillation,  but  M-hen  distilled  with  water,  or  with  potash,  it  yields  a  distillate  vhica 
smells  of  cyanide  of  ethyl,  and  when  treated  with  an  acid,  loses  its  odour  and  is  con- 
verted into  a  salt  of  ethykmine.     (R  Meyer,  he.  cit.) 

Cyanide  of  ethyl  forms  solid  compounds  with  certain  metallic  chlorides^  vis. 
C»H»N.Sba»,  C»H»NjlnCi»,  C*H»N.PtCP,  2C»H»N.SnCl*,  2C*H»N.TiCl« ;  and  liquid 
compounds  with  ehlorideofcarbonyf,  C*H*N.C0C1*,  andcUoride  of  cyanogen,  CH'N.CyCL 
(Henke,  Ann.  CL  Fharm.  cvi.  280.) 

erilWXBll  or  STHTX.sarB.  C«H^*-(Cm*)".<^'-  (Maxwell  Simpson, 
Proc  Roy.  Soc.  x.  674.  Geuther,  Ann.  Ch.  Pharm.  cxx.  268.)— Produced  by  the 
action  of  cyanide  of  potassium  on  bromide  or  chloride  of  ethylene : 

C«H*Br«  +  2KCy  «  C«H*Cy«  +  2KBr. 

A  mixture  of  1  at.  bromide  of  ethylene  and  2  at.  cyanide  of  potassium,  with  a  con- 
siderable quantity  of  alcohol  of  specific  gravity  0840,  is  cohobated  in  the  water-bath 
till  the  reaction  is  complete;  the  alcoholic  liquid  is  then  decanted  and  freed  from 
alcohol  by  distillation;  the  semi-flnid  residue  is  filtered  at  100°  C;  the  filtrate  is 
treated  with  a  saturated  solution  of  chloride  of  calcium ;  and  the  cyanide  of  ethylene, 
which  rises  to  the  surface  in  the  form  of  a  reddish  oil,  is  washed  with  ether,  and 
heated  for  some  time  to  140°  C.  to  free  it  from  admixed  bromide  of  ethylene :  this 
treatment  does  not,  however,  render  it  quite  pure  (Simpson).  Geuther  prepared  t^e 
compound  from  chloride  of  ethylene,  but  the  preparation  is  more  difficult  than  with 
the  bromide. 

Cyanide  of  ethylene  is,  at  ordinary  temperatures,  a  brownish,  semi-solid,  eryatalline 
mass,  melting  at  60°  C.  It  dissolves  readily  in  water  and  alcohol,  less  in  ether.  It 
cannot  be  distilled,  but  bears  a  tolerably  high  temperature  without  much  decomposi- 
tion. With  nitric  acid  it  forms  a  bodjr  which  crystallises  from  alcohol  in  long  needles. 
Heated  with  alcdiolic  potash,  it  acts  similarly  to  cyanide  of  ethyl,  giving  off  ^Tnmftni»^ 
and  yielding  succinate  of  potassium: 

C«H«Cy«  +  2KH0  +  2HK)  -=  C«H«KK)«  +  2NH». 

OTAirXBBS  or  OOUp.  Gold  unites  with  cyanogen  in  two  poportionB,  Ibnn- 
ing  the  aurons  and  auric  cyanides ;  the  latter,  however,  is  known  only  in  combination. 

PnoTOCTAiriDB  OF  Gold  or  Attrotts  Cyan idb,  AnCy,  is  obtained  by  heating 
aurocyanide  of  potassium  with  nitric  or  hydrochloric  acid.  It  is  a  lemon-yellow,  cxys- 
taUine  powder,  which,  when  examined  by  the  microscope,  appears  to  consist  of  hexa- 
gonal plates.  It  is  insoluble  in  water,  alcohol,  and  ether,  haii  neither  taste  nor  smell, 
and  is  not  altered  by  exposure  to  the  air.  When  heated,  it  gives  off  cyanogen  and 
leaves  metallic  gold.  It  is  not  decomposed  by  nitric,  hydrochloric,  or  sulphnne  acid, 
even  at  the  boiling  heat ;  nitro-hydrochloric  acid  decomposes  it  slowly.  Snlphydrie 
acid  has  no  action  upon  it ;  sulphyorate  of  ammonium  dissolves  it  to  acolonrleasliqoid, 
from  which  acids  throw  down  sulphide  of  gold.  It  is  soluble  in  ammonia.  Potash  de- 
composes it  at  the  boiling  heat,  throwing  down  metallic  gold.  It  is  likewise  aolnhle  m 
hyposulphite  of  sodium. 

Protocyanide  of  gold  dissolves  in  the  alkaline  cyanides,  forming  double  salts  oaUed 
aurocyanides,  which  precipitate  the  salts  of  other  metals. 

Aurocyanide  of  Ammonium,  IJH'AuCy',  orNH'Cy.AuCy,  is  obtained  by  mixing 
the  saturated  solutions  of  stilphate  of  ammonium  and  aurocyanide  of  potassium,  pre- 
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•ipitAtiiig  tho  irolphateof  poUflriuin  tnd  the  oxcoaa  of  mlphato  of  ammoaiam  vith 
absolute  alcohol,  and  leaA'ing  the  filtrate  to  ciyHtolltse  by  erapontioo.  It  forms  colour* 
leaa  unhydroo*  crystals  having  a  strong  metallic  taste. 

The  solution  of  protoc}'Hnicle  of  gold  in  boiling  uqut«oiis  ammonia  yields,  on  cooling, 
grcnr,  shining  scales,  which  give  up  their  amtnoniA  when  heated,  or  on  addition  of 
hydrochlorie  add. 

Auroeifanide  of  Pottts$ium^  KAuOy*,  may  be  obtained  by  diiisolving  aurona 
cyanide,  auric  oxide,  or  fulminuting  ^Id,  in  cysnid«  of  potMBNium.  the  solution  being 
attended  with  erolation  of  eyano^n  in  the  second  caxe,  and  of  ammonia  in  the  thirsl! 
A  convenient  method  of  preparation  is  to  dissolve  7  pti.  of  gold  in  nitro-muriutic  actd. 
precipitate  by  excess  of  ammonia,  and  introduce  the  precipitate,  after  thorough 
washing,  into  a  boiling  solution  of  6  parts  of  cyjvnide  of  potasHium.  The  colourlesa 
solution,  if  not  too  dilute,  deposits  the  aaKwyanidt-  in  crv»tal«  on  cooling.  The  mother- 
liquor  yields  by  evaporation  a  £resh  quantity  of  tlie  wilt,  but  very  impure;  it  is 
evaporated  with  excess  of  hydrocyanic  acid,  and  tlje  rwjiduiiJ  aurons  cyanide  is  waib<sl 
with  water  and  dissolved  in  cyanide  of  potassium  (77  pts.  cyanid«  of  sold  to  28  pts.  of 
cyanide  of  potassinm).  The  czystals  are  purified  by  recrystallisation  from  boiling 
water. 

According  to  Prince  Ba^ration  (J.  pr.  Chem.  zxzi  367),  metallic  gold  predpi* 
tated  by  feiToaa  solphate  dissolves  in  aqueous  cyanide  of  potaMium,  slowly  also  in 
ferroeyanide  of  potassium,  forming  aurocyanide  of  potassium.  The  action  requirca, 
however,  aecees  of  air,  as  shown  by  Eisner  {ibid,  xxxvii.  333X  wid  is  attended  with 
forcoation  of  eaoatic  potash : 

Aa«  4  4KCy  +  0  -  2KAuCy'  +  KK). 

Aarocyanide  of  potassiam  forms  colourJesM  elongated  rhomboTdal  octahedrons  or 
nacreous  scales.  It  is  permanent  in  Uie  air,  moderately  soluble  in  water,  sparingly  io 
alcohol,  ihsolnble  in  ether.  Heated  in  a  cloee  vessel,  it  gives  off  cyanogen  gas  and 
leaves  a  tnixtun  of  gold  and  cyanide  of  potassiuTn.  Aqueous  scids  slowly  decompose 
the  solution,  eliminating  hydrocyanic  scid,  and  precipitating  AOroos  cyanide.  lJoik»d 
with  hydroohloric  acid,  it  yield*  about  88  per  ceot  cyanide  of  potassium,  together  with 
chloride.  A  similar  decompoaition  is  ptvdaced  b^  sulphuric,  nitric,  oxalic,  and  tartario 
artds.  Alkaline  sulphydrates  do  notdeeompose  it  The  aqueous  solution  mixed  with 
mr>fvnric  chloride,  yiehls,  without  evolution  of  hydrocyanic  acid,  a  yellow  precipitate, 
whirh  inoreuses  on  boiling,  and  assumes  the  deep  yellow  colour  of  aurous  cyanide :  the 
liquid  contains  cyanide  of  mercury  and  chloride  of  potassiam,  but  no  gf>ld.' 

Aurocyanide  of  potassium  is  ext«'Dsirely  used  in  electro-gilding.  Its  aoneoua 
dilution,  especially  when  hot,  gilds  copper  sud  silver,  even  without  the  aid  of  a 
vultaic  battery,  its  place  in  the  solution  being  supplied  by  an  equivalent  quantity  o< 
the  other  metal. 

To  obtain  the  gold  which  remains  io  t!ie  mlution  after  it  has  beon  UB<>d  for  gilding, 
it  should  be  evaporated  to  dryness,  the  residue  finely  pulverised  «nd  intimately  mixed 
with  an  equal  weight  of  litbatge,  then  melted  at  a  strong  red  heat,  and  the  leiwl 
extracted  from  the  button  of  lead  and  gold  by  warm  nitric  acid ;  the  gold  then 
n'mains  in  th«  form  of  a  loose,  yellowish-brown,  spongy  mass.  (Sottger,  J.  pr. 
Chem.  xxxvi.  169.) 

The  solution  of  aurocyanide  of  potasainm  forma  a  white  precipitate  wilfa  rtfussalta; 
yellowish-white  with  ^i'r -salts ;  white  with  /ro^-salta;  white  with  Jrrrout  salts, 
changing  to  blue  on  addition  of  nitnc  acid  ;  white  with  nitrate  of  sUffr;  with  chloride 
of  manffaruse  it  forms  small  cr}'8Uils. 

TttTcratciDB  or  Gold,  or  Auric  OTanittB.  AuCy*. — This  eompound  is  ob- 
tained, in  the  free  state,  according  to  Uimly,  by  decomposing  auricyanide  of  potassium 
with  any  of  the  stronger  acids.  It  is  more  probable,  however,  as  point<-d  out  by 
L,  Gmelin  {Handhouk,  viii.  37),  that  the  subetaace  thus  separated  is  auricyanido  of 
hydrogen,  HCy.AuCy» : 

KAu^Cy*  +  HQ  -  KCl  +  HAa~Cy*. 

Moreover,  as  observsd  by  Himly  himself,  the  compound,  when  heated,  gives  off  at  first, 
not  cyanogen,  but  hydrocyanic  acid. 

To  prepare  Qurictfanidr  of  kt/drogert,  or  auriprut»ie  acid,  an  aqueous  solu- 
tion of  auri cyanide  of  potassium  is  mixed  w-ith  excess  of  nitrate  of  silver;  thn  liquid, 
containing  the  excess  of  the  silver-sailt,  to^fethcr  with  nitrate  of  potaswium,  is  filtered ; 
the  precipitate,  consisting  of  AgCy.AuCy*,  is  thoroughly  washed  with  water,  thfn  dif- 
fdsea  in  water,  and  decomposed  with  frequent  agitation,  and  at  the  oniinury,  or  at  a 
very  slightly  elevated  tcmp«Tature  (at  higher  temperatures  a  yellow  colouring  will 
appear,  and  protocyanido  of  gold  will  be  formed),  V>y  a  quantity  of  hydrochloric  acid, 
not  sufficient  to  decompose  the  whole ;  and  the  filtrate  is  evaporated  to  dryness  ia 
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racao  orer  oil  of  Titriol  and  lime. — Or,  anric^aiiide  of  potaarinm  is  mixed  with  Iqrdm* 
fluosilioic  acid  and  eraporated  to  diyness ;  the  residne  exhausted  with  absolute  al«ob(d ; 
Hiid  the  Bolntion  filtered  from  the  silico-fiuoride  of  potaesiuni,  and  1^  to  eraporato 
(Ilimlj).  The  product  thus  obtained  generally  has  a  yelloiHah  oidoiir,  aaiaung  from 
the  admixture  of  a  small  quantity  of  protocyanide ;  it  nnut  therafiire  be  diasnlred  in 
the  smallest  possible  quantity  of  water  or  alcohol,  and  the  filtrate  left  to  evaporate  in 
the  air  or  in  Tacuo ;  for  the  application  of  heat  would  reproduce  protocyanide  of  gold. 
(Himly.) 

Auricyanide  of  hydrogen  forms  large  colourless  lamine  and  tables,  containing  8  at. 
water  of  crystallisation  =  2Au'"HCy*  +  3HK)  (Himly).  They  fuse  at  dO^^C,  fint 
giving  off  hydrocyanic  acid,  then  cyanogen  gas,  and  leaye  carbide  of  gold,  which  bami 
readify  in  the  air,  and  is  converted  into  pure  gold.  The  aqueons  solation.  when  era- 
porated over  the  wat«r-bath,  deposits  part  of  the  gold  in  the  form  of  pzotocyamde.  A 
Doiling  aqueous  solution  of  oxalic  acid  exerts  no  reducing  action.  MercurouM  or  ewr- 
cuHc  nitrate,  heated  with  the  solution,  throws  down  protocyanide  of  gold,  while 
cyanide  of  mercury  remains  in  solution.  Mtrcurie  chloride  forms  no  preci|ntate^  eren 
when  the  solution  is  heated.  Auricyanide  of  hydrogen  does  not  become  moist  when 
exposed  to  the  air,  but  dissolves  in  water  in  every  proportion,  and  almost  as  easily  in 
alcohol  and  ether.     (Himly.) 

Auricyanide  of  Ammontum,  (NH*)Au"'Cy*.— Hydrated  anric  oxide  ia  addel 
to  hydrocyanate  of  ammonia,  obtained  by  distilling  fenocyanide  of  potasaiam  witii  sal- 
ammoniac  and  water,  as  long  as  it  continues  to  dissolve ;  the  colourleee  filtrate  is 
heated,  which  causes  a  large  quantity  of  ammonia  to  escape ;  the  filtrate  evaptnvted 
over  the  water-bath,  during  which  process  it  becomes  covered  with  a  rusty  yellow  film ; 
1  he  dry  residue  exhausted  with  water ;  and  the  filtrate  left  to  evaporate  till  it  onwtaJ- 
lises.  The  salt  forms  large,  colourless,  four  and  six-sided  tables,  which  give  off  6*06 
per  cent  of  water  at  100^  C.,  and  turn  reddish-white,  yellow  at  a  high(>r  temperature, 
and  give  off  hydrocyanate  of  ammonia,  and  when  ignited  in  the  air  leave  68*7  per 
cent  of  pure  gold.  They  dissolve  readily  in  water  and  alcohol,  but  are  neaxfy  m- 
soluble  in  ether.     (Himly,  Ann.  Ch.  Pharm.  xlii.  343.) 

Auricyanide  of  Potaeaivm,  KAu^Cy*. — Formed  by  converting  7  pta.  cf  gdd 
into  a  solution  of  the  chloride  as  neutral  an  possible,  and  gradually  addi^  this  liquid 
to  a  hot  concentrated  aqueous  solution  of  8  pts.  cyanide  of  potassium.  The  roloorless 
mixture,  as  it  cools,  deposits  crystals,  which  may  be  purifiea  by  recrystaUisaition: 

AuCl»  +  4KCy  =  KCyAuCy*  +  3KCL 

(Himly,  Ann.  Ch.  Pharm.  xlii  340.)  A  similar  process  is  adopted  by  TtiimroelsWig 
(Pogg,  Ann.  xlii.  133).  According  to  Gla.««»ford  and  Napier,  on  the  other  hand,  this 
mode  of  preparation  yields,  not  anrieyanide,  but  aurocyanide  of  potassium. 

The  salt  forms  large,  colourless  tables,  which,  when  exposed  to  the  air,  effloresce 
quickly  and  turn  milk-white ;  in  vacuo  (Himly)  or  at  100°  C.  (RammelsbcrgX  <hey 
give  off  all  their  wator  of  crystallisation.  The  residne  then  melts  to  a  brown  liquid, 
from  which  part  of  the  gold  separates  out,  an  evolution  of  cyanogen  taking  place  at 
the  same  time  (Rammelsberg).  The  salt,  when  heated,  nves  off  2  at.  cyanogen, 
and  is  converted  into  aurocyanide  of  patassium,  ECy.AuCy  (Himly).  -  Chlorine 
exerts  a  decomposing  action  only  when  aided  by  heat,  chloride  of  cyanogen  being  then 
formed  (Rammelsberg).  Acids  added  to  the  solution  of  the  sait  produce  no  me- 
cipitate,  but  colour  it  yellow  and  eliminate  hydrocyanic  acid  (Ram  melsberg).  Mer- 
curous  nitrate,  boiled  with  the  solution,  forms  a  yellowish  precipitate  (Himly).  The 
salt  does  not  dissolve  in  absolute  alcohol  (Himly).  Its  aqueous  solution  is  the  best 
of  all  materials  for  galvanic  gilding.     (Meillet.) 

Auricyanide  of  Silver  is  a  curdy  precipitate,  formed  by  mixing  the  potaashun- 
salt  with  nitrate  of  silver.     It  is  soluble  in  ammonia,  insoluble  in  nitnc  ado. 

CTAWSBB  OF  HTSKOOW.  Hydrocyanic  or  Cyanhydric  acid^  CNH  or 
((7'AW)  =  HCy.  Prusxic  acid,  Acidnm  hnrueaicum,  B/ausaure,  Berlinerblauaaure. — Tina 
acid  was  discovered  by  Scheele  in  1782  {Opusada,  ii.  148),  further  examined  by 
Berthollet  {Mint,  de  FAvad.  d.  Sc.  de  Parie,  1787,  p.  148),  Proust  (Ann.  Chim.  ht. 
185,  225)  and  Ittner  {Bntrage  zur  Ge4chirhte  drr  Bfausdure,  1809),  and  first  ob- 
tained in  the  pure  and  liquid  state  by  Gay-Lussac  in  1811  (Ann.  Chim.  bocvii 
128 ;  xcv.  136).  It  appears,  however,  to  have  been  known  to  the  Egyptian  priests, 
who  used  it  for  poisoning  the  initiated  who  had  been  guilty  of  divulging  the  sacred 
mysteries.     (Hoefer,  Hivtoire  de  Chimie,  i.  226.) 

Occurrence. — The  kernels  of  bitter  almonds,  peaches,  apricots,  plums,  cherries,  and 
quinces, — the  blossoms  of  the  peach,  sloe,  and  mountain-ash, — the  leaves  of  the  peach, 
cherry-laurel,  and  Portugal  laurel, — the  young  branches  of  the  peach, — the  stem-bark 
of  the  Portugal  laurel  and  mountain-ash,  and  the  roots  of  tihe  last-nsmed  tree,  when 
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aodted  in  wat<T  and  digtjUi'd  afler  s  wliili',  vidd  hrdrocyBnic  acid,  together  with  bitter 
alBiond  oil.  The  juieo  of  the  root  of  Jatropka  Manihot  «Lm>  yielrlv  hydrooyaoic  aieid 
vhen  (listill<sl.  But  it  ia  only  in  th«  moister  puts  of  theao  labatancni  that  the  aad 
eziata  ready  formed ;  the  greut«>r  f>art  is  proaucpd  daring  immenrion  in  water,  the 
amygdalin  contained  in  the  planta  being  then  rosolred,  by  the  fermentatire  action  of 
the  emolain,  also  pmcnt,  into  glucoee,  bittirr  almond  oil,  and  hydrocyunic  ucid  (i.  i\Au 
the  bat  two  nibatancofl  p^Mino;  over  in  th«  distillation. 

Formation.~-\.  From  metadlic  cyanidea.  by  the  action  of  ■nlphydric,  sulphuric  or 
hydrochloric  acid. —  2.  In  the  dxr  distillation  of  azotiMed  hodios,  and  by  the  action  of 
nitric  acid  on  certain  on^anic  Bumtancee, — in  the  preparation  of  nitrous  pther  for  ex- 
unplc.  It  is  also  fboad  nmong  the  product)  obtaineid  by  diatiUing  albumin,  fibrin, 
easein,  or  golatin  with  aalphuxic  add  and  chromate  of  potaasium,  or  sutphunc  acid  and 
peroxide;  of  manzunt-ae.  —  3.  By  the  action  of  heat  on  fomute  of  atnmoniun) : 
CH(NH')0«-CNH  +  '/n'Ol^Dobereiner,  Buc-hner'»Rijj«!rt.  XT.  425).  — 4.  By  thw 
docoBtpoutioD  of  aIDy^dldin  (L  222). — 5.  By  thu  decomposition  of  various  oyunogpr 
oompoanda  and  of  fulmuiutoa. 

Pr^aration.—  'L  Of  the  aqueou$  arid.— a.  From  kydrattd  Fcrrocyanide  of  potaa- 
iiHm,~T\i\B  JMilt.  which  conaiata  of  K^FeCy^.aH'O,  ia  d*ioJnj[HiiM*l  when  heatwi  abora 
100®  C.  with  sulphuric  acid  and  water,  in  Buoh  a  mnnner  Umt  half  the  cyanofrt'U 
pHaaea  over  in  liie  form  of  hydrocyunic  ucid,  whil»t  a  vellowiBh-white  powder, 
KFe'Cy*,  ia  precipitated,  and  the  reaidual  liquid  containa  acid  aulpbate  of  ^jtiuiHiuni. 
Th«  b€«t  proportion  is  1  aL  ferrocyanide  of  putHsaium  to  3  at.  aalpburic  acid  ;  there- 
foro  478  4  pta.  of  crystalliaed  ferrocyanide  of  p)ta«»ium  to  3  .  98  (  -  294  pt*,)  oil  of 
vitriol  (diluted  with  any  convenient  quantily  of  water),— therefore  nwirly  lit  pts.  i>f 
the  cryaUUisixl  ferrocyanide  to  26^  pta.  oil  of  vitriol  (Kveritt,  Phil.  Miig.  [3]  vi.  97): 

K«FeCy'.3H'0  +  SH«SO«  -  3HCy  +  KFeCy*  +  SKHSO*  +  ZHKi. 

According  to  this  calcxdiition,  422-4  pta.  of  tlie  cryalalliaed  ferrocyanide  yield  3 .  27  ( =  81 ) 
pta.  hydrocyanic  acid  (in  the  anhydrous  titHte),  or  100  prm.  t>m«7ranidc  yield  19*  16 
pta.  of  the  acid.  Geigcr  obtained  by  expt- riment  17"07.  and  W»t'kenrr>der  !7"26.— 
A  larger  quantity  of  ^phuric  ucid  docb  nut  lurt  furthrr  nri  the  pr>'Cir>itiiti>d  KFeCy*, 
and  cannot  therefore  lead  to  a  more  abundant  erohjtion  of  hydrocyanic  acid;  on  th»> 
contniry.  as  it  can  no  longer  Iw  tidtcn  up  by  the  potaoh.  it  decomposes  part  of  the 
liberated  hydrocyanic  acid  into  uramonia  and  fomiio  acid,  and  eomiequently  the  hydro- 
cjnuiic  acta  wliidi  distils  over  ia  smaller  in  quantity  and  contHminated  with  formie 
add.  It  ia  better  indeed  to  reduce  the  qniintity  of  uulnburic  acid  to  one-half  (3*5  pta. 
oil  of  ritriol  to  10  pta.  ferrocyanide  of  potas*iutu),  eo  thiit  neutral  Bulphate  of  potua- 
wium  maybe  formed  instead  of  acid  sulphate:  as,  however,  the  nentnl  sulphate  la  bot 
wparingly  soluble,  and  i*  therefore  deposited  in  the  crygt;dline  form  during  the  distillation, 
it  irKTeaseB  the  perrussive  ebullition  cauacd  by  the  white  cr)-»talline  powder,  so  thnt 
drops  of  the  mixture  ore  often  thrown  up,  and  mix  with  the  distillate.  Hence  it  ia 
good  to  throw  a  few  clippings  of  plotJnura-foil  into  the  mixture. 

The  greater  purt  of  the  hydrocyanic  acid  goea  over  in  the  V>eginning  of  the  distilla" 
tion  at  a  tempeniture  aomewhat  above  lOC'C. ;  and  when  the  residual  Uquid  attainu 
•  higher  tempenitora,  the  water  follows,  containing  but  little  hydrocyanic  acid.  A 
good  eondenaing  apparatus  is  therefore  necessary ;  otherwise  the  bydnx^anic  acid, 
which p—roi  over  at  first,  —since  ita  boiling  point  ia  not  above  27®  C, — will  for  the  moat 
part  Mcape  in  vupoar  together  with  the  air  of  the  af^ratus.  Water  in  the  receiver 
HkewiM  tends  to 'prevent  this  lo«i^  It  is  not  necessary  to  boil  the  reaidue  down  to 
diyneM ;  it  ia  sufficient  indeed  to  distil  off  from  |  to  ^  of  the  liquid,  according  to  the 
quantity  of  water  pn>«entv 

It  ia  nuneceaaaiy  to  dissolve  the  ferrocyanide  in  water  before  adding  the  sulpborio 
arid,  as  it  readily  dissolve*  in  the  water  as  the  distiiktion  goes  on. 

The  distillatoiy  appftratns  mQi«t  be  so  arranged  as  to  prevent  any  portion  of  the 
mixture  from  spiritiag  over — to  contain  bat  lilUe  air,  inasmuch  as  the  air  in  escaping 
always  carries  hydrocyanic  acid  vapour  with  it  —  and  to  present  the  gre«tcst  pQeiul>le 
amount  of  eooliiig  surfaoe. 

If  the  distillate  should  become  cont«mini«ted  with  sulphate  of  potassium  and  prosBian 
hlue  by  spirting,  it  must  be  carefully  rectified  over  a  •mail  quantity  of  magnesin,  chalk, 
or  carbonate  of  barium,  in  an  apparatus  affording  ready  means  of  eondensation.  This, 
however,  occasions  loss  of  prussic  acid,  and  the  rectified  acid  is  much  more  prone  to 
spontaneous  decomposition. 

b.  From  Cyanidt  of  PotoMtum. — This  salt  is  sometimes  used  for  the  preparation  of 
hydrocyanic  acid,  because  it  ia  easily  decomposed  by  dilute  acids,  even  at  ordinary 
temperatures  There  ia,  however,  greater  difficulty  in  obt.nining  it  in  a  pure  and  definit« 
state,  and,  con!.e<^uentlyof  det<'rminiug  theejijkct  amount  of  pniwic  acid  that  it  will  yield, 
a  point  of  great  inij»ortiinco  in  the  preporaUon  of  the  modictnal  add.     Ordinary  cyanide 
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of  potasBium,  prepared  by  Liebig'a  process  (see  Ctanidb  of  Fotabsittv),  is  not  wifl 
adapted  for  ihe  purpose,  because  it  contains  a  considerable  qnantity  of  cjanate  anJ 
carbonate  of  potassium,  and  the  carbonic  acid  evolved  bpr  the  decompoBition  of  these 
Baits  prevents,  to  a  considerable  extent,  the  condensation  of  the  hydroqranic  acid; 
moreover,  the  cyanic  acid  which  also  passes  over  is  soon  resolved  into  carbonic  »eid  sod 
ammonia,  and  the  latter  induces  spontaneous  decomposition  of  the  hjdioejasae  adtL 
It  is  necessary,  therefore,  to  use  cyanide  of  potassium  free  from  C]r>uiatfl^  which,  ac- 
cording to  Wohler,  may  be  prepared  by  fusing  in  a  covered  cmcible  a  mixture  of 
dehydrated  ferrocyanide  of  potassium,  burnt  tartar,  and  chaicoal  powder  (p.  217). 
The  cooled  mass  is  then  lixiviated  with  cold  water,  and  the  filtered  aolntion  of 
cyanide  of  potassium  is  distilled  with  sulphuric  acid. 

By  the  following  method  an  acid  of  nearly  definite  strength  may  be  obtained  withoot 
distillation. 

To  a  solution  of  9  pts.  tartaric  acid  in  60  pts.  water,  contained  in  a  well-st4^ 
pered  bottle  nearly  filled  with  it,  4  pts.  of  pure  cyanide  of  potassium  are  added;  the 
vessel  is  shaken,  frequently  dipped  into  cold  water,  and  then  left  in  the  oold  for  twelve 
hours ;  and  the  aqneous  hydrocyanic  acid,  which  contains  but  a  very  small  quastity 
of  tartrate  of  potassinm,  is  poured  oflF  from  the  ct^stallised  tartrate  (Th,  Clarke, 
Lond.  Med.  Surg.  J.  vi  624 ;  also  J.  Chim.  mhi.  vii  644).  According  to  calcolation. 
this  acid  contains  3*6  per  cent  of  anhydrous  prussic  acid. 

e.  From  Cyanide  of  Mercury. — 1.  Cyanide  of  mercury  is  agitated  with  iron  filings, 
sulphuric  acid,  and  water  in  a  well-stoppered  bottle,  till  the  liquid  no  loneer  tastes  of 
mercniy — or  better,  till  a  portion  of  it  taken  out  is  no  longer  blackened  by  aolphn- 
retted  hydrogen — the  solution  then  decanted  from  the  iron  and  mercur/  into  a  retort, 
and  distilled  (Scheele): 

Hg"Cy«  +  Fe  +  H«SO«  -  FeSO*  +  2HCy  +  Hg. 

According  to  this  equation,  126  pts.  cyanide  of  mercury  require  49  pts.,  or  rath«r  more^ 
of  oil  of  vitriol,  together  with  a  considerable  quantity  of  water,  and  at  least  28  pta.  of 
iron  filings ;  an  excess  of  iron,  however,  accelerates  the  decomposition.  If  the  cyanide 
of  mercury  be  carefully  weighed,  this  method  is  very  well  adapted  to  prodooe  an  acid 
of  definite  strength.     The  acid  distils  over  at  a  gentle  heat     (Omehn.) 

2.  8ttlphydric  acid  gas  is  passed  through  an  aqueous  solution  of  cyanide  of  merniiy 
as  long  as  it  is  absorbed,  and  the  solution  separated  by  filtration  from  tho  sulphide  vf 
mercury  (Proust,  Vauquelin): 

Hg"Cy»  +  n»S  =  Hg-S  +  2HCy. 

Vauquelin,  who  employs  a  solution  of  1  pt.  cyanide  of  mercury  in  8  pts.  wnter,  fives 
the  solution  from  excess  of  sulphuretted  hydrogen  by  agitation  with  carbonate  of  lead, 
till  fresh  portions  of  that  salt  ure  no  longer  browned  by  it  and  filters  the  liquid  again. 
But  even  if  these  filtrations  be  performed  in  a  well-covered  filter,  a  considenble 
quantity  of  prussic  acid  is  lost  by  evaporation,  so  that  this  process  never  yields  an  acid 
of  definite  strength ;  moreover,  the  acid  thus  prepared  is  apt  to  be  somewhat  con- 
taminated with  snlphocyanic  acid  and  oxide  of  lead. 

.  d.  From  Cyanide  of  Silver. — 200  pts.  of  pure  cyanide  of  silver  are  shaken  xtp  with 
240  pts.  hydrochloric  acid  of  specific  gravity  1-129,  and,  when  the  decomposition  is 
complete,  the  hydrocyanic  acid  is  separated  from  the  chloride  of  silver  by  oecantation 
(Everitt,  PhiL  Mag.  [3]  vL  100). — This  hydrocyanic  acid  may  contain  a  small  quantity 
of  hydrochloric  acid,  but  has  the  advantage  of  definite  strength. 

e.  From  Cyanide  of  Lead.  —  I'ure  cyanide  of  lead  is  decomposed  by  an  eqaivalent 
quantity  of  dilute  sulphuric  acid  (Thomson).  As,  however,  the  cyanide  of  lead  is 
difficult  to  dty,  the  quantity  of  sidphuric  acid  required  cannot  be  exactly  determined ; 
if  too  little  be  used,  lead  remains  in  solution.     (Souberain,  N.  J.  Phann.  L  121.) 

/.  Hydrocyanic  acid  of  perfectly  definite  strength  can  only  be  obtained  by  mixing 
weighed  quantities  of  the  anhydrous  ucid  and  water.  Acid  of  the  so-called  Scheele's 
strength  contains  5  per  cent  of  tlie  anhydrous  acid. 

II.  Preparation  of  Anhydrous  Hydrocyanic  Acid. — The  great  volatility  and  highly 
poisonous  character  of  hydrocyanic  acid  renders  this  process  very  dangerous;  it 
should  therefore  only  be  performed  in  winter,  and  with  the  aid  of  a  frt>ezing  mixtniv. 

It  may  be  prepared  directly  by  slowly  passing  dry  sulphydric  add  gas  through  a  tube 
filled  with  diy  cyanide  of  mercury— except  at  toe  further  end,  where  there  is  placed  a 
small  quantity  of  carbonate  of  lead — and  connected  with  a  U-tnbe  sniroanded  with 
ice  and  salt  The  anhydrous  acid  then  passes  over  and  collects  in  the  receirer  in  the 
liquid  form.  The  passage  of  the  gas  must  be  stopped  as  soon  as  the  carbonate  of  lead 
begins  to  blacken.     (Vauquelin.) 

A  better  mode  of  preparation,  however,  is  to  dehydrate  the  strong  aqueous  add, 
obtained  by  either  of  the  preceding  processes,  with  fused  and  pulverised  chloride  oi 
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culriam.  Tratitwein  (RoperL  xi,  13)distilfl  15  pta.  of  femx^anide of  poUsaum  with 
(  yls,  oil  of  vitrinl  anJ  9  pL«,  wattr,  till  4or6  pUi.  of  strong  acid  h*Te  poMed  orer  into 
ll4«+  reoeiriT,  which  muni  be  surrouo'led  witli  iee,  or  with  a  mixtrtre  of  ice  and  salt ;  pi>urs» 
tli«  acid  into  a  strong  bottle  proridii^d  with  a  good  stopper  and  kept  cold  by  a  fjretszing 
Diijiture ;  and  adds  pulvcriacd  chloride  of  CHlcium  in  email  successive  portions,  and 
M  ith  frrquent  agitation,  ao  that  no  great  derelopmeot  of  beat  may  take  place.  Tli© 
niiiturp,  after  being  left  at  rwt  for  a  while,  aeparatea  into  two  layers,  the  lower  one 
ctinaisting  of  aqueotu  chloride  of  calcium,  and  the  upper  of  hydrocyanic  acid  freed 
from  part  of  the  water.  The  acid  is  then  poured  into  another  bottle,  and  again  troat«d 
with  chloride  of  cmlcium :  and  this  treatment  is  continued  till  fresh  quantities  of  chloride 
of  ealdum  added  to  the  acid  no  longer  become  pauty  and  cake  together,  but  remain 
pulventleot  By  this  treatment,  Trautwein  obtains  from  2  to  2^  pts.  of  anhydnius  acid. 
Since  a  considerable  quantity  of  acid  is  loat  at  each  decantation,  and  moreover  the 
raponr  which  eacapea  may  exert  a  poisonous  action,  it  is  lH>tt«r  to  leave  the  acid  in 
the  first  bottle  ana  draw  off  the  solution  of  chloride  of  calcium  by  a  siphon.  This 
siphon  b  filled  with  a  saturated  solution  of  chloride  of  calcium,  cloaed  with  the  finger 
at  the  end  of  the  lunger  arm,  and  not  opened  till  the  shorter  arm  is  depressed  to  tho 
lowest  part  of  the  bottle  held  in  a  somewhat  inclined  position.  As  soon  as  the  chloride 
of  calcium  solution  has  completely  run  out,  the  siphon  is  again  closed  with  the  finger 
and  taken  out  More  chlonde  of  calcium  is  then  introdacwi,  &c.  As  soon  as  a  fresh 
|H>rtion  of  that  sul)«t,ince  no  longer  becomes  pasty,  the  acid  may  be  decanted  into  a 
well-cooled  bottle  containing  pulrcriied  chlonde  of  calcium,  and  finally  into  h  clean 
bottle  (Gmelin).  Or  the  acid,  after  being  left  for  some  time  in  contact  with  chloride 
of  calcium,  may  be  distilled  off  at  tho  heat  of  the  water- bath,  the  bottle  being  connected 
by  a  bent  tube  with  a  U-tube  immersed  in  ice  and  salt 

Another  SMFthod  is  to  pasa  the  vapour  of  the  aqueous  acid  directly  over  chlnride  of 
calcium,  which  abstracts  the  water.  A  mixture  of  8  pta.  ferrocyanide  of  potaasium, 
3  pts.  burnt  tartar,  and  1  pt.  charcoal  is  fused  in  a  covered  crucible ;  the  fbsed  mass 
digested  with  six  tinice  its  weight  of  water  in  a  vessel  which  can  be  closed  ;  and  the 
clear  solution  decanted  from  tlie  sediment  of  iron  and  charcoal  into  a  tubulated  retort, 
which  it  connected  with  a  glass  tube  horizontal  in  the  nearer  part,  bent  downwards  at 
a  certjon  distAnce  from  the  rwl^^rt,  and  passing  into  a  U-tube.  This  U-tube  is  plnee*! 
within  a  cylinder  containing  cold  water,  and  is  filled  with  chloride  of  calcium,  excepting 
uC  the  end  where  the  vapours  enter,  and  at  this  end  are  placed  small  pieces  of  the 
ftiswxl  mixture  above  mentioned.  The  other  end  of  the  U-tube  is  connected  by  a  Iwnt 
tu!»e  with  the  glass  whidi  serves  as  a  rereiver,  and  is  imrronndcd  with  ice,  or  better, 
with  a  freezing  mixture.  A  cooled  mixture  of  I  pt.  nil  of  vitriol  (the  fused  mixture 
wlinee  solution  is  contained  in  the  retort  being  suppoacd  =  2)  Rnd  1  pt.  water,  ia  then 
poured  into  the  retort  by  small  portions  at  a  time  tlirough  a  fmnnel-tul*  adapted  to 
the  tubulos.  The  mixture  starts  spontaneounly  into  strong  ebullition,  so  that  the  sul* 
phuricMcid  mu'^t  be  add«>d  slowly  ;  and  the  greater  part  of  the  hydrocyanic  add  distils 
o»er  without  the  application  of  neat.  Finally,  when  all  the  sulphuric  acid  has  been 
added,  and  the  boiling  has  ceased,  the  retort  is  heated  till  the  contents  besin  to  boil 
gi'ntly ;  and  the  cylinder  in  which  the  chloride  of  calcium  tube  is  immened  u  emptied 
of  cold  water,  and  filled  with  water  at  SO*— 35^^,  to  volatilise  tho  proasie  acid  there 
condensed,  and  ciiuseit  to  pass  over  into  the  receiver  (Wohler,  BcrtdiuM  Lrhrb.  i.  816). 
As  the  U-tube  sonn'timc.i  becomes  stopjied  up,  Wi>hler  further  recommends  that  tho 
neck  of  the  rt'tort  be  inclined  upwards  at  un  angle  of  about  45°  and  an  int^nncdiate 
vessel,  containirg  a  small  quantity  of  chloride  of  calcium  or  cyanide  of  potassiom, 
placed  bi'lw«vn  the  retort  and  the  U-tube,  The  chloride  of  calcium  tube  and  the  in- 
t«'rvuing  vossel  are  immersed,  from  the  beginning  of  the  operation,  in  water  at  30'='  CL, 
•ml  the  pnuwie  acid  vapour  is  condensed  in  a  tall  narrow  vcs9*l,  .lurrounrled  with  « 
mixture  of  ice  and  salt;  the  acid  w  then  obtained  in  the  form  of  a  crystalline  ma>«, 

/Vt>pw/irs,  — Anhydrous  hydroeynnic  acid  is,  at  common  tempeMturci?,  a  colourlesa 
Iiqni.i  of  sp.  gr.  of058  at  7'"  C,  uud  0fi969  at  18°  C.  (Gay-Lussac^ ;  it  solidifies 
Ht  15'='  0.,  in  feathery  crystaL*.  It  lx»il«  at  16b°  C.  Vapour-dennty.  0047  by  experi- 
ment (Oay-Lussac),  by  calculation, — - —   —  135,  referred  to  hydrogen  as  unity, 

—  13'6  X  006{>3  -  0-9405  referred  to  air.  It  dissolves  in  water  in  all  pronortiona. 
formino;  a  solution  which  is  lighter  than  water,  and  reddens  litmus  slightly  ;  it  ia  also 
miseible  will)  alcohol. 

The  anhydrous  add  or  the  strong  aqneous  solution  bnms  with  a  faint  violet  fiaroe. 
It  has  a  peculiar  odour  like  that  of  bitter  almonds.  It  is  exceswively  poiMnous;  a 
drop  of  the  anhydrouH  acid  protlucing  instant  death  when  swallowed'  The  vapour 
rf  the  anhydmuMor  of  the  hiphly  concentrated  nqucous  arid,  ia  likewjafk  in.>-tantly  fatiil 
when  inhaled;  the  vapour  dilute<l  with  air  produces,  wlit-u  inlink-d  In  «njall  quantify, 
■  peculiar  irritation  in  tlic  tliroat ;  in  larger  qiuintity,  giddiness  and  head-ache.      Tiiu 
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dtlnte  aqtioons  add  has  a  cooling  taste,  with  ptmgent  bitter  Mflfrt««te ;  it  M 
UHwl  in  medicine"  to  alhy  irribition. 

Dtxotnpositiont, — I.  The  anhydrous  nc*irl  quickly  iindergr>e»  spontanoous 
tion,  giving  off  animrvnia  and  louvinp  a  brown  suimtanc©.  The  nqaeoas  acid  o  _ 
the  uanii"  diVoin^«>sitiou.  pa  t  of  it  boing,  however,  converted  into  formate  of  ammo- 
nium: CNH  +  2H-0  =  CH'NH')0%  Thf  dpeomposition  takes  place  mopp  qoiokljw 
tluvaoiU  h  f)tr»»ii|jer;  tlie  a*iditioo  of  a  email  quuntity  of  anotlier  acid  renders  it  mor? 
permMnt-nt ;  lilkuliM,  on  the  oth«.'r  hand,  secrk-ratc  the  decomposition.  Exposure  to  light 
also  ciitifrt'x  the  chiinge  to  take  place  more  qnickly ;  hcno?  the  arid  shonld  always  be 
kept  in  the  dark,  or  in  bottles  covered  with  black  paper. —  2.  The  vapour  of  hydro- 
cyanic acid  pawed  throogb  a  rrd-hot  tube,  is  partly  resolved  into  cyanogen  and  hydio- 
gen  gaiet ;  at  tbe  same  time,  however,  a  saiall  quantity  of  nitrog^m  xs  set  fre>e  end 
dutrooal  oepanted. — 3.  Sy  eUctricitif.  The  vapour  of  hydrocyanic  add  \a  but  slowly 
decomposed  by  the  electric  spark,  with  separation  of  a  smsll  qaanti^  of  carbon.  Tb« 
aqueous  acid  is  decomposed  by  the  voltaic  current,  hydrogen  being  evolved  at 
negative  pole,  while  the  cyano^^-en  set  free  at  the  positive  pole  either  remaiofl  dinolTed 
or  unites  with  the  metal  which  forma  the  pole. — 4.  By  oxidation.  The  anbydrona 
and  its  vapoar,  when  set  on  tire,  bum  in  contact  with  air  or  oxygen  gaa,  producing 
1/onic  anhydride,  nitrogen,  and  water.  The  vapour  mixed  with  oxygen  explodes 
great  violence  on  the  passage  of  an  electric  spark.  For  complete  combuation,  2  vol  _ 
of  the  vapour  require  2|  vols,  oxygen,  and  after  the  explosion,  ther^e  remain  3  vok. 
of  ^  consisting  of  2  vols,  carbonic  anhydride  and  1  voL  nitrogen.  Hence  the  com- 
position of  the  vapour  is  determined:  for  the  2  vols,  carbonic  anhydride  contain 
2  vols,  oxygen;  consequently,  the  remaining  \  voL  oxygen  has  been  consumed  is 
combining  with  the  hyirogen  ( I  vol  )  to  form  water  Hence  the  2  vols,  hydrocyanie 
vapoor  contain  1  at  carbon,  1  at,  nitrogen,  and  1  at.  hydrogen.  Many  nuUtUie  csidtt 
deeompoM  hydtocyanto  aoid  even. at  o^mmon  tem])6ruturei) ;  peroxit^i  of  lead  fornu 
with  it,  according  to  Lie  big,  cyanide  of  lead,  water,  and  cyanogen. — The  vapour  <jt  tin 
acid  mixed  wjtl>  hydrogen  gaa  w  completely  absorbed  by  peroxide  of  manganese,  witb- 
out  separation  of  cj'snogen  (Gay-Lussae).  Basic  metallic  oxid»?a  generally  con- 
vert the  acid  into  water  and  a  metallic  cyanide. — 5.  By  chlnrinf.  The  unhydnms 
acid  poured  into  a  bottle  €11  ed  with  dry  dilorine,  and  exposed  to  sunshine,  forms  hy- 
dmclilorio  acid  and  solid  chloride  of  cyanogen. 

In  presence  of  aqueous  vapour,  but  little  chloride  of  cyanogen  is  formed,  the  chief 
products  of  the  reaction  being  sal-ammoniac,  carbonic  oxide,  and  carbonic  anhydnde : 

2CNH  +  Cl»  +  3H^  -  2Nfl'Cl  +  CO  +  C0» 

Chlorine  gaa  passAd  into  dilute  hydrocyanic  acid  forms  hydroeyanota  of  chloride  nf 
cyanoffen.  (7N»Cl^.CNH  (Wurtz.  Ann.  Ch.  Phsurra.  Ixxix.  280).  When  cblorinc  gas  is 
pasaed  into  a  mixture  of  Htrong  sqiiL'Ous  hydnx'yanic  acid  and  alcohol,  tdl  carbonic  aciti 
begins  to  escape^  a  cryBtalline  cuniponnd,  C^H'NCIO*,  is  formed,  sparingly  soluble  to 
cold  water  und  in  ammonia,  nomewhat  mnre  in  boiling  water,  easily  in  alcohol  and  in 
ether.  The  same  compound  is  formed  on  paosing  cidorine  into  an  alcoholic  solution  of 
cyanide  of  mercury  [q.  v.)  (Stenhouse.) 

0.  Bromine  decomposes  tlie  aqueous  acid,  forming  bromide  of  cyanogen.  7.  Jodimt 
does  not  decompose  the  vapour  of  hydrocyanic  acid  (Gay-Lussac).  With  tjis 
aqueous  acid  it  forms  hydriodic  add  and  liberates  cynnogen.     (Porrett.) 

8-  By  acid*.  Strong  hydrochloric  or  moderately  dilute  sulphuric  acid  deeomj 
hydrocyanic  acid  in  a  few  minutes,  evpn  in  the  cold,  and  more  quickly  with  aid  of 
into  formic  acid  and  ammonia,  CNH  +  2H-0  =  CU*0'  +  NH*.  Hydrochloric 
acts  mora  quickly  than  sulphuric  acid;  the  latter,  if  too  strongly  heated,  further 
resolves  the  formic  acid  into  wat«r  and  carbonic  oxide  (Pelouze,  Ann.  Ch.  Fbana. 
ii.  84  J.  Small  quantities  of  either  of  these  acids,  bowercr,  retard  the  spontaneous 
de<ximpoBitioa  of  prassic  acid     (Gm.  vii.  4(J3.) 

0.  The  fijctd  alkalu,  at  high  tomperatures,  likewise  resolve  hydrocyanie  acid  into 
ammonia  and  formic  acid. 

10.  PotoMiuM  bums  when  heated  in  the  vapour  of  hydrocyanic  acid,  urith  fonnatice 
of  cyanide  of  (wtassium  and  evolution  of  hydrogen. 

PftfctiQn  and  Estimation  f>f  Hydrocyanic  acid. — I.  Free  hydrocyanie  acid,  if 
too  dilute  or  mixed  with  other  odori/erous  Bubstances,  may   be   roco^ised 
chanirteristic  odour  (p.  217).— 2.  On  making  the  solution  alkaline  with  potatk, 
a  solution   of  frrroua  sulphate  oxidised  by  exposure  to  the  air,  and  then  f 
hydrochloric  acid  to  dissolve  the  precipitated  ferroso-ferric  oxide,  pruesian  blue 
utiditwolved  if  hydrocyanie  acid  was  present ;  otherwise  a  clear  yellow-green  solution 
formM,  If  the  quantity  of  hydrocyanic  acid  present  is  very  sm«ilU  the  liquid  appevus  dear 
at  Girst,  bat  after  islanding  for  some  time,  deposits  dark  bhie  tlocks. — 3.  The  liqoidts 
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hf  tfilwl  ill  mixed  with  h  few  drops  of  yeilott  gulphidf  {pmuJphidf)  of  ftmvtfmittm  aad 
tTfipfirafrd  tn  dn^ew  over  the  wvUr-bath,  to  convert  the  bjdrocynnic  acid  into  iul- 
plioejannte  of  tuiuuoniain.  On  ditutolving  the  rraidue  in  water  imd  teating  with  «€•- 
fdieoloada  of  iron,  the  li(}uid  assumes  the  deep  blood-red  colour  of  ferric  milpho- 
iymuto.    This  teat,  aecordmg  to  Taylor  (Ann.  Ch.  Phiinn.  Ixv,  263),  ia  c&pable  of 

diftinctly  showing  the  presence  of  httttt  of  a  grain  of  aohydrooa  pmiwie  acid  in  a  Terr 

dilute  liquid,  whereas  the  pnujaiiui  blue  teat  will  not  detect  leas  thaa  =^  of  a  grain. 

—4.  Hydpoc^aric  add  fj^rea,  with  nitrate  of  $ilver,  a  white  precipitate  of  cyanide  of 
•ilvrt-,  which  diasolrea  in  ammonia  as  »jiuiily  as  the  chloride,  but  is  distingpiished 
therefrom  by  not  blackening  whrn  exposed  to  light,  and  by  dissolving  in  strong  nitrio 
acid  at  the  lioiling  heat  with  evolution  of  cnrboaic  acid.  The  predpit«t«d  cyanide 
nhaken  up  with  dilute  hydrochloric  acid,  cm  its  the  charactorintic  odour  of  pmssic  add. 

^.  On  rendering  the  liquid  alltalinc  with  potash,  then  adding  txdphate  of  apper,  and 
just  sufficient  hydrochloric  acid  to  dissolve  the  blueprtHnpittiteof  cupric  hydrate,  white 
cuprous  cyanide  remains  undissolved  if  the  liquid  contAioni  prusaic  acid  (Lassaignel 
This  reaction  is,  however,  less  charactenstic  thAu  those  before  muntioned,  iaasmacn 
as  a  similar  effect  is  produceil  by  hydriodic  acid. 

When  liquids  containing  blood,  articles  of  food,  or  parts  of  the  animal  body,  are  to  be 
examined  fur  pmssic  acid,  as  in  cases  of  poisoning,  sdnintage  is  taken  of  the  extreme 
ToUtUity  of  tAe  add.  to  separuto  it  from  the  substsfices  which  might  dissuise  iti 
mictions.  A  good  method  of  t<»ting  is  to  place  a  portion  of  the  suspected  matter 
Ob  a  watch-glass,  cover  it  with  anctlier  watoh-gla^s.  on  the  concave  aur&ce  of  which 
is  placed  a  drop  of  yellow  Bulphidu  of  ammouium,  leave  it  for  ten  minutes,  then 
erM[x>rKt**  the  sulphide  of  ammonium  to  dryness  at  a  gentle  heat,  and  iuoi«teQ  the 
ri'^idiH-  with  a  drop  of  solution  of  ft-rric  chloride,  which,  if  prusnc  acid  was  preaeori 
u  ill  pr<Kiuco  the  Wood-re«l  coli>ur  above  mentioned.  If  laiger  quantities  of  material 
have  to  be  opt*nited  on,  it  is  best  to  distil  off  the  acid  at  the  heat  of  the  water-bath, 
tiddulatiiig  with  tartaric  add  if  the  original  liquid  is  alkaline.  The  distiUate  may 
then  be  tested  by  any  of  the  methods  above  given. 

Qutmataiioe  Estimation. — The  strength  of  aqueous  prusaic  add  cannot  be  determined 
1>y  its  specific  gravity,  the  variation  from  \-Q  to  16  per  cent,  being  only  from  U-9979 
to  0-9fi7l>.  The  perevntjigo  of  roal  acid  ia  therefore  determined  by  one  of  the  follow- 
ing methods : 

1 .  By  Mrrc  uric  f>jri(ff.  To  n  wciglie<l  ^lUDntity  of  the  aqueous  acid,  a  weighed  quantity 
of  finely  pulvi'riiMHl  re*!  oxide  of  morcury  is  u>t<led.  by  smidl  pjrtiona  and  with  agita- 
tion, till  the  last  fK.>rtium  added  remain  ttndi»iH>lv«'d,  and  the  odour  of  hydrocyanic 
acid  is  no  longer  pere«^tible.  The  w<«iglit  of  the  remaining  quantity  of  mercuric 
oxide  deilufl*'*!  from  the  orijiinal  weight,  pvea  the  weight  of  the  quantity  dissolved; 
and  ninoe  1U8  pt».  of  mercuric  oxide  require  fur  solution  27  pts.  of  anhydnins  prussie 
itoid,  it  follows  that  4  pts.  of  mercuric  oxide  disNolvLMl  indicate  the  presence  of  1  pt.  of 
miltydrrnis  acid  in  tli*^  liqui<i  under  examination  (Ure,  Quart  J.  of  Sc.  xiii  321; 
slso  Schw.  J.  xxivi.  'IH'l).  An  the  cyanide  of  merrurr  thup  formed  is  capable  of  taking 
up  more  nf  the  metruric  oxide,  evpn  nt  oniinary- temperutares,  forming  indeed,  the 
compound  HK"O.Hg''Cy*.  this  method  is  apt  to  give  too  preut  an  rtmount  of  hydrocyanic 
add,  especially  if  the  liquid  be  not  kept  cool,  and  the  addition  of  mercuric  oxide 
stopped  aH  soon  ita  the  odour  of  hydrooyanic  acid  ha«  disappeared.  Moreover,  it  must 
first  be  as<*ertHine<l  that  the  prustnc  acid  to  l»e  examined  is  free  from  hydnxihloric  ai'iii, 
which  would  likewise  dissolve  mercuric  oxide.  In  this  case,  Ghmghegan  saturates  th«i 
hydffichlorie  acid  with  carbonate  of  calcium  before  adding  the  mewuric  oxide. — This 
metiiod  is  not  applic«h|ft  to  cliprr)-li(urel  water,  bitter  almond  water.  &c.,  because  these 
Mitten  contain  a  vegetable  acid,  probably  benxoic  acid,  which  likewise  diveolres  mer- 
curic oxide.    (Duflos,  Kastn,  An^h.  xiv.  88.) 

2.  mtraU  ofgUver,  mixed  with  a  Bm;dl  qniintfty  of  ammonia,  snch  that  the  liquid 
lifter  predpitation  may  be  rather  acid  than  alkuline,  is  droppwl  into  the  hylrocyanic 
iidd,  as  long  as  any  pnHnpitnle  of  cyanide  of  silver  is  protluced  ;  the  pn>i*ipitate  is  col- 
lirted  on  «  small  filtiT.  pn-vinusly  dried  at  \MQ°  C.  and  weiphetl ;  and  the  precipitate 
and  filter  are  wnshed  and  dried  together  at  100°  and  wei;;hcd.  134  pta.  of  cyanide  of 
silver  indicate  27  pte.  of  anhydnjus  pnwaic  acid.  The  acid  may  also  be  precipit^ited 
1»y  a  mixture  of  nitrnte  of  silver  and  nmmimia,  and  nitric  acid  then  cautiously  addfld 
to  the  liquid  till  a  slight  acid  reaction  (a  produced  (Duflos).  Tliis  method  is  the 
■nuHt  afcunite  of  all. 

If  thf  liqui<l  LxintuinM  metallic  chlorides,  it  is  acidu]af4><1  and  treated  with  excess  of 
nitnttc  of  silver  ;  and  the  mix^-d  precipitate  of  cyanide  and  chloride  of  silver  is  dried  and 
weighed  as  above,  then  txvated  with  dilate  bydrochlorie'add,  which  ouaverts  it  wholly 
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into  chloride  of  silver,  and  weighed  agi^n.  By  the  oonrmion  of  the  eyanide  of 
Bilver  into  chloride,  the  weight  increases  by  9'fi  pts.  [36-6  (CI.)  —  26  (Cy.)>  ">  that 
«r<>nr  Q'5  pta.  increase  in  the  weight  correaponda  to  27  pta.  anhydrona  pnuaie  add. 

The  same  method  ia  applicable  to  the  determination  of  h^dro^anie  acid  in  pnmaa 
of  hydrobromic  or  hydnodic  acid.  From  adds  not  precipitated  by  nitrate  of  aflnr 
from  acid  solutions,  such  as  enlphuric  and  phosphoric  acid,  hydrocTanie  acid  ja  easily 
sepanit'ed  by  this  reagent. 

3.  Volumtiric  method. — 1  at  cyanide  of  potassium  forms  with  1  at.  cyanide  of  sihera 
soluble  doable  cyanide,  which  is  not  decomposed  by  excess  of  alkali.  I^  then,  a  liqiud 
containing  hydrocyanic  acid  be  mixed  with  solution  of  caustic  potash  till  a  atroog  aik»- 
line  reaction  is  produced,  and  then  with  a  standard  solution  of  nitrate  of  sil-wr  till  the 
liquid  begins  to  show  turbidity,  1  at  of  silver  used  will  correspond  exactby  to  2  at.  hydrch 
cyanic  present  in  the  liquid.  If  the  silyer-eolution  be  prepared  by  dissomng  S*lfrO  gm. 
fused  nitrate  of  silver  in  water,  and  diluting  the  solution  to  1000  cub.  oent^  each  cnb.  cent 
of  it  used  will  correspond  to  1  milligramme  of  anhydrona  pruasic  acid.  The  preaenes 
of  formic  or  hydrochloric  acid  haa  no  influence  on  the  result  This  method  ia  qoiis 
as  accurate  as  the  last  and  is  applicable  to  bitter  almond  water  and  laurel  watei;  ai 
well  as  to  medidnal  pmssic  acid.  Bitter  almond  water,  which  is  turbid  from  the  pre- 
sence of  oily  drops,  must  first  be  mixed  with  three  or  four  times  its  bulk  of  water,  to 
render  it  dear;  otherwise  the  limit  of  the  reaction  will  not  be  seen.  (Liebi^  Alia. 
Ch.  Phann.  Izxvil  102 ;  Chem.  Soe.  Qu.  J.  iv.  219.) 

Compounds  of  Hydrocyanic  acid  with  lietdttie  Chloridet, 

Hydroeytmate  of  Aniimonic  Chloridf,  SbCl'.SHCy. — When  the  rapour  of  anin- 
drous  prussic  add  is  brought  in  contact  with  pentachloride  of  antimony  heated  to  SO**  C, 
this  compound  is  produced  in  the  form  of  clear  definite  prisma,  which  voIatilMe 
between  70°  and  100°  C,  but  at  the  same  time  under^  partial  decomposition,  even  n 
an  atmosphere  of  carbonic  add.  The  com]|K)nnd  is  deliquescent ;  does  not  fbme  in  the 
air ;  is  decomposed  by  water,  with  separation  of  antimonic  acid ;  and  unit««  with  am* 
monia,  forming  a  brown-red  pulverulent  mass.  (Klein,  Ann.  Ch.  Phann.  Ixxir.  86.) 

Hydrocyanaie  of  Ferric  Chloride,  Fe*Cl*.4HC^.— Sublimed  ferric  chloride  aad 
anhydrous  prussic  add  unite,  with  a  hissing  noise,  and  form  a  brown-red  liquid, 
which  soon  solidifies  in  the  crystalline  stnte.  Tlie  compound  deliqucacea  in  the  aii; 
piving  off*  hydrocyanic  acid;  melts  at  100°  C. ;  and  unites  with  ammonia,  fimninsa 
greenish  black  powder,  which  diwsolvee  in  water,  with  separation  of  pmastan  ww 
and  therefore  contains  dichloride  of  iron.  The  compound,  when  heated^yiddi 
femiginoua  Bal-ammonlae,  hydrocyanic  add,  and  protochloride  of  iron.  (lUeiB, 
loe,  eit.) 

Hydrocyanate  of  Stannic  Chloride,  SnCl*.2HCy.— Tetrachloride  of  tin  unites  with 
anhydrous  prussic  add,  without  sensible  rise  of  temperature,  forming  a  solid  czystalliiM 
body ;  if  the  add  in  the  gaseous  state  be  passed  through  a  tube  in  which  the  staniiie 
chloride  is  placed,  so  as  to  expose  a  large  surface,  the  compound  will  be  obtained  ia 
fine  ciystals.  The  crystals  are  colourless,  refract  light  strongly,  and  appear  to  be  iso- 
morphous  with  the  corresponding  titanium-compound.  In  a  stream  of  dry  air  tb«y 
volatUise  as  quickly  as  anhydrous  prussic  add,  becoming  at  the  same  time  white  and 
opaque.  They  are  decompo(Bed  by  water  and  by  damp  air.  They  unite  with  ammcHiiaeal 
gas,  forming  a  white  suUtance  which  may  be  subhmed.  No  analysis  was  made  of 
this  compound,  on  account  of  its  great  volatility ;  but  it  appears  to  be  analogous  to 
the  titamum-compound.     (Elei  n,  loc.  cit.) 

Hydrocyanate  of  Titanic  Chloride,  TiCl*.2nCy.— When  anhydrous  pmssic  sdd  ii 
poured  into  tetrachloride  of  titanium,  combination  takes  place,  attended  with  rise  of 
temperature  and  ebullition  (on  which  account  the  substances  must  be  cooled  to  0°  CL 
before  mixing,  or  the  hydrocyanic  acid  must  be  passed  in  the  form  of  gas  into  the 
t  itunic  chloride),  and  formation  of  a  yellow  pulverulent  mass ;  the  excess  of  pmssie  aeid 
is  then  distilled  off,  and  the  compound  sublimed  by  careful  heating.  It  is  Tety  vol^ 
tile,  subliming  bdow  100°  C,  in  the  form  of  clear,  shining,  lemon-yellow  cxystab 
(rhombic  pyramids  and  combinations  thereof  \  which,  if  rapidly  sublimed,  unite  into 
a  coherent  mass.  It  fumes  slightly  in  the  air ;  smells  strongly  of  hydzocyanie  add; 
quickly  turns  white,  and  deliquet<ce8  to  a  clear  viscid  solution.  Water  dissvdves  it 
with  nse  of  temperature,  and  forms  a  dear  solution  ;  if  the  quantity  of  water  be  imaH, 
gaseous  hydrocyanic  acid  is  given  off  as  the  sub-itancc  dissolves.  It  u  not  alteradhj 
sublimation  in  chlorine  gas.  When  its  vapour  is  passed  through  a  red-hot  glass  tube, 
if  covers  the  tube  with  copper-coloured  nitride  of  titanium  mixed  with  «»>»m*w>1- 
(Wohler,  Ann.  Ch.  Pharm.  IxxiiL  226.) 

CTABTZSas  or  ZXZOXUM,    The  only  known  compound   of  iridium  and 

cyanogen  is  the  tricyanide,  which  forms  with  basic  cyanides  a  group  of  salts,  ths 
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fridloeyanidea,  6MCT.li*Cy  -  M'lt^y",  annlogong  to  the  fcrricyanidM.  They 
hsTB  been  chit?fly  studiea  by  C.  A-  Marti  us.     (Ann.  Cli.  Pharm.  cxrii.  357.) 

Iridioct/anidf.  of  Barium,  R**Ir»Cy'*  +  l&»q.— To  prepare  thia  salt,  platini- 
fprouj  iridicjcyHnide  of  copper,  obtained  in  the  treatment  of  platimun-rMtduet  by 
Miirtiug'  method,*  is  digested  with  barytA-WAter,  the  excess  of  baryta  moored  by 
citrlfoiiic  acid,  and  the  filtrate  left  to  crjEtallise:  it  then  first  deposits  crystals  of 
plntinoeyanide,  and  afterwards  of  iridiocyanide  of  barium.  The  lattor  forma  hard 
transparent  crystfils  belonging  to  the  trimetric  system,  and  efflorescing  in  the  air  to  a 
whit«  powder  still  retaining  3  at.  wat«r.  The  salt  dissolves  easily  in  water,  is  insulubla 
in  alcohol,  and  scarcely  decompoeible  by  acids.  'Jlie  aqueous  solution  forms  with 
eupric  salts  a  light  blue  preeipitate  ;  with  mercuroiu,  ferrmu,  Itad,  and  zine  salU*, 
white ;  and  with yVrrw  salts  a  yellow  precipitate. 

Iridificyan  idr  of  Hydrogen,  H'lr'Cy".— Obtained  by  decomposing  the  barium 
salt  with  sulphuric  acid,  exhausting  with  ether,  and  eraporating.  It  forms  small 
white  crystalline  crusts  ;  has  a  stnnig  acid  reaction  ;  decomposes  carbonates ;  dissolTes 
etuily  in  water  and  in  alcohol,  with  difficulty  in  ether ;  and  has  a  nauseous  metallio 
taste.  Above  300*^  C.  it  assumes  a  colour  rarj-ing  from  yellow  to  dark  gTfen»  and 
giTcs  off  pmssic  acid.  The  aqueous  solution  mixed  with  hydrochlorio  add  deposits 
after  a  while,  green  tricyanide  of  iridium.     (Martins.) 

Irtdiocyanide  of  Potattium,  K'Ir'Cy".  -  Prepared:  1,  By  gently  igniting  a 
mixture  of  fomwyanidc  of  potassium  and  metallic  iridium  in  a  glass  flask,  exhaucnting 
the  mofm  with  hot  water;  filtering  and  eN-apornting,  the  liquid  then  depositing,  first, 
crystals  of  ferrncyanido  of  p«itasBmm,  and  oflcrwarda  of  the  iridiocyanide  (Wohler 
and  Booth,  Pong.  Ann.  xxxi.  167). — 2.  By  melting  chloriridiate  of  wnraoniunj  with 
lA  pt.  pulrerised  cyanide  uf  potassium  in  a  p<>rcelain  crucible  for  10  nr  16  minutes, 
disstilnng  the  mass  in  boiling  water,  and  leaviug  the  liquid  to  crystallise  by  cooling 
(Claus,  JaliTfsber.  f.  Chem.  1855,  p.  444). — 3.  By  decomposing  the  coppor-salt  with 
potash-Icy,  or  the  barium-salt  with  sulphate  of  potassium  (Martins).  Ths  salt  is 
anhydrous,  insoluble  in  alcohol,  easily  soluble  in  water,  and  separates  from  the 
aqueous  solution  in  large,  tmnHparcnt,  colourlrss,  prismatic  twin-cr)'8tal8  belonging  to 
lli«  tn metric  system.  It  is  not  decomposed,  even  by  ignition  in  a  current  of  chlorine 
or  hydrijchloric  acid.     (Martins.) 

Itammelsberg's  analysis  of  this  salt  agr«ei  best  with  the  formola  K^Ir'Cy'*,  or 
4KCyJ[r»Cy ;  but  those  of  Claus  and  of  Martius  lead  to  the  formohi  Kar»C>", 
comeponding  with  those  of  the  other  iridiocyanides. 

OTAVX9BS  or  Z»0«.  (Scheele,  Opuscula,  ii.  148.— Ittner,  Beitrage  rur 
Gehchu'ku  dtr  BUutaurf,  Froib,  Const.  1809. -Proust,  Ann.  Chim.  Ix.  186  and  226. — 
Vauquelin,  itud.  y.  113.— Borzolius,  Ann.  Uh.  Phys.  [2]  xr.  144  and  225;  P«^. 
Ann.  XT.  384.— Porreit,  Phil  Trans.  1814.  p.  527  :  Ann.  Phil.  xii.  214;  xiv.  296.— 
Robiquet,  Ann.  Ch.  Phys.  [2]  xii.  276;  xvii.  196;  xliv.  279.— Thomson,  Ann. 
Phil.  xii.  203;  xt.  392;  xvi.  217.— Oay-Lussac,  i''id.  xivi.  73.— L.  Gmelin, 
8chw.  J.  xxxiv.  326.— Pclouze,  Ana.  Ch.  Phys.  ^2]  Ixix.  40. — Rainmelsberg, 
Pogg.  Ann.  xxxriii.  364  ;  xlii.  3. — Bun  sen,  ibid,  xxxiv.  131 ;  xxxri,  464, — William- 
son, Ann.  Ch.  Pharm.  Ivii,  225-- Gm.  vii.  429.— Oerh.  i.  320.) 

The  dicyanide  and  tricyanide  of  iron  hare  not  been  obtained  in  rery  definita 
form.  On  adding  cyanide  of  potassium  to  a  ferrous  salt,  a  yell owit'h- red  floeeulent 
pn<ci^itnte  is  formed,  consisting  essentially  of  ferrous  cyanide.  FeCy*.  but  always 
ct^mtiiining  a  certain  quantity  of  cyanide  of  potassium,  smaller,  however,  the  mnn)  the 
iron-salt  is  in  excess.  This  precipitate  dissolves  in  excess  of  cyanide  of  pfjinssium, 
and  is  converted  into  ferrocyanide  of  potassium ;  dilute  potash-ley  also  coDTerts  ifc 
into  fanvcyauide,  with  separation  of  ferrous  hydrate : 

+  4KH0 


3Ffi'Cy» 


K'Fe-Cy*  +  2Fe'HK)«. 


When  exposed  to  the  air,  it  takes  np  oxygen  and  turns  blue.    (Freienina,  Ann.  Ch. 
Pharm.  cvi.  210.) 

Tricyanide  of  Iron,  or  Ferric  Cyanide,  (Fe*)'*Cy*,  is  not  known  in  tJic  solid 
form.  F<-meyauide  of  potassium  forms  with  trichloride  of  iron  a  dark  brown 
liquid,  which  may  be  regarded  aa  a  mixture  of  chloride  of  potassium  and  Lricyanida 
of  iron : 

K*Fe«Cy'«  +  rc»Cl«  -  6KC1  +  2Fe»Cy«; 

•  CMorMiiUU'  of  atnmonluin  (ooutninR  (>latfniitn  and  rutbmium)  \t  fti«ed  with  1)  pt.qrsnl<**  of 
p  tMi'liim,  »»i — ■'  ■'  "-•!»*  dtiMlrni  In  ■  vrry  »niMtl  (j-j  <iititr  if  wu»t.  and  ih«>  >tl»oi*  flliraie  [ailfr 
all  llix  ir*r  '  '.ttiiuin  hA>  hren  Hirer impou-ri  hv  fliluti'  liydtorhloric  ocitt'  1«  prrcli  it«ini  by 

*iil|'h«lvo(  >  ly  •  r.rrr1|illBtciifarTii<-dcunilitiiij(  i».«iai}  uf  |iUtiucic]iuii4c  ktid  irldiiK]  nulUc 

III  c    |Ji«r.  i,  M  dltd  rLATIHUa^aSTAJ.*.) 
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I'Ut  this  solutioD  deeompoMs  on  emponition,  becoming  ooreted  with  a  film  of  pnniai 
blue,  and  giving  off  qranogen  or  chlorine  gas,  according  aa  the  cyanide  or  Xh»  ehloridt 
is  in  excess.  Neither  is  ferric  cyanide  obtained  by  adding  cyanide  nf  potaanam  to 
ferric  chloride,  the  prodncts  formed  being  chloride  ol  potaanam,  free  hydroejaiiie  add, 
and  a  precipitate  of  ferric  hydrate. 

Some  of  the  componnda  called  praaaian  blues  hare  the  compoaition  of  eyaaidM 
of  iron,  intermediate  between  the  di-  and  the  tri(7aiiide;  bat»  from  their  moda  of 
formation,  thev  appear  rather  to  be  doable  cyanides. 

The  dicyanide  and  tricyanide  of  iron  unite  with  other  metallic  cyanidaa,  fivmuf 
^o  very  important  gronps  of  compounds,  viz. : 

Ferrocyanidee        4MCy.Fe*'Py«  -  M«Fe"Cy«. 

l:SiS^"i?d"e;°1«MC^^«^  -  M-CFe^-KJy". 

For  ferrocyanides  and  ferricyanides  containing  metals  whose  eombining  m^matj  is 
greater  than  anity,  the  formulae  will  of  course  be  modified ;  thus : 

Ferrocyanide  of  Barium,  2Btt''py".Fe''Cy«  -  Ba«Fe''Cy*. 

Ferricyanide  of  Barium,  8Ba"Cy».Fe»Cy«  »  lSi«(F*")»*CJy*«. 

The  formuln  of  the  ferrocyanides,  when  doubled,  differ  from  those  of  the  cons- 
sponding  ferrocyanides  only  by  2  atoms  of  univalent,  or  1  atom  of  bivnlent  metal; 
and,  accordingly,  it  is  found  that  the  former  are  easily  converted  into  the  latter  bj 
the  action  of  oxidising  (metal-abstracting)  agents,  and  the  latter  into  tite  former,  I^ 
the  action  of  reducing  (metal-adding)  agents.  Thus  ferrocyanide  of  potasaiaB, 
K'FeCy*,  is  easily  converted  into  the  ferricyanide,  K*Fe*Cy",  by  the  action  of 
chlorine,  and  many  double  ferrocyanides  may  be  formed  from  ferricyanides  by  the 

action  of  alkalis  in  presence  of  a  reducing  agent,  e.^.    ^,  [  FeCy*.  from  K'Fci'Cy",  by 

the  action  of  ammonia  in  presence  of  grape-sugar.  For  the  several  views  entertained 
respecting  the  composition  of  these  double  cyanides,  see  page  201. 

Verrooyanldea,  M*Fe"Cy*. 

FirroprusitiatM,  Hifdroferroctfanates. — The  ferrocyanides  of  the  alkali-inetals  an 
obtained  by  neutralising  ferruprussic  acid  with  caustic  alkalis  or  alkaline  carboBates; 
by  dissolving  dicyanide  of  iron  in  aqueous  solutions  of  alkaline  cyanides,  or  in  a 
mixture  of  alkaline  carbonate  and  hydrocyanic  acid ;  by  treating  dicyanide  of  iron, « 
a  mixture  of  that  compound  with  the  tricyanide  (prussian  blue),  with  an  aqaeoas 
alkali,  whereby  protoxide  or  sesquioxide  of  iron  is  formed ;  or  by  treating  protoxide 
of  iron  with  the  a^iueous  solution  of  the  cyanide  of  an  alkali-metal,  in  which  it 
<lit(8()lves  with  formation  of  alkali.  The  insoluble  ferrocyanides  are  obtained  \q 
precipiUitinp  a  soluble  ferrocyanide  with  the  solution  of  the  salt  of  an  euth-metal  or 
a  heavy  metil :  e.g.  the  copper-compound : 

K*Fepy«  +  2CuS0*  =  Cu'FeCy*  +  2K»S0*. 

The  ferrocvanides  of  the  alkali-metals  are  colourless  in  the  anbvdrouK.  but  yeUow  in 
the  hydrated  state ;  they  exert  no  action  on  vegetable  colours,  have  a  ftintly  aalins 
and  bitter  taste,  and  do  not  exhibit  the  violent  action  of  hydrocyanic  acid  on  the 
animal  economy.  The  ferrocyanides  of  the  eaTth-mettU  are  white,  and  among  those 
of  the  heavy  metals,  some  am  white,  while  others  are  distinguished  by  bright  coloms. 
Hence  the  use  of  alkaline  ferrocyanides  to  discover  the  presence  of  titanium,  tantahun, 
niolybdennm,  uranium,  cobalt,  nickel,  and  copper ;  but  antimony,  telluriom,  rl«»ji«"m^ 
rhodium,  and  iridium  are  not  precipitated  by  alkaline  ferrocyanides. 

Those  ferrocyanides  which  are  deprived  of  all  their  water  by  a  gentle  h^at,  an 
decomposed  at  a  higher  temperature  in  the  following  manner :  the  cyanide  of  iron  it 
always  converted  into  carbide  of  iron,  with  evolution  of  nitrogen  gas ;  but  the  other 
(cyanide  which  is  associated  with  it,,  either  remains  nndecompMed,  whidi  is  the  esse 
with  cyanide  of  potassium,  or  is  resolved  into  nitrogen  and  a  metallic  carbide,  as  with 
cyanide  of  lead ;  or  into  cyanogen  gas  and  metal,  as  with  cyanide  of  silver.  It,  ham- 
ever,  the  ferrocyauides  are  not  completely  dehydrated  before  b^ing  subjected  to 
destructive  distillation,  they  give  off  hydrocyanic  acid,  carbonic  acid,  and  ammonia, 
and  leave  the  two  metals  combined  or  mixed  with  a  greater  or  smaller  qnantity  of 
carbon.  In  the  circuit  of  the  voltaic  battety,  the  aqueous  solutions  of  the  aUcaiiiw 
ferrocyanide**  yield  alkali  at  the  negative  pole,  and  hydrocyanic  add  and  nmasian  Um 
at  the  positive  pole,  unless  the  positive  polar  wire  is  of  com)er,  in  which  case  the 
deposit  there  formed  consists  of  cyanide  of  copper  (Porrett).  When  ferrocyanides  are 
heated  with  oil  of  vitriol  to  a  tcm^wrature  much  above  100° C,  they  give  ofi^  with  strong 
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effcrrcioence,  ralphoroos  and  oiu-lioDic  anhydrides,  aod  nitrogen,  liMTtng  a  cornpotind 
of  salphiinc  acia  with  amniOQid,  oxide  of  iron,  ojid  tlic  oxido  of  the  other  tot^tsl 
(Ber«clia»).  Besides  the  gasrs  jost  mcntinn«i<l,  a.  I&rge  quantity  of  rarbonio  oxido  ifl 
evolr^  and  a  small  qtiMtitity  of  sulphate  of  amnanniuiu  volatilises  (Buiisen,  I'ogg. 
Ann.  Xixiv.  132).  See  FlitKoCTAimtt  or  PoTAsstoit.  The  stron^r  acids  withdrnw 
the  other  metal  from  ferrocjuiideft,  and  thereby  ceparate  fEiiTopruwtc  acid : 

Pb»Fe»Cy  +  2H«80«  -  H^FeCy*  +  2PbSu». 

A  Bimilitr  elfpct  is  produced  bysulphydrlc  acid,  if  the  othf>r  metal  be  precipitabln  fmm 
its  solutions  by  thiit.  reagent.  M»ny'  f45nMcyanidefi  of  henvy  niotals  are  decompoHed  by 
■qoeooa  alkalis,  yielding  an  alLiline  ferrucyanide  and  a  hydrate  of  the  heavy  metttl : 

Cu»FeCy"  +  4KU0  «  KTeCy*  +  2CuH«0«.  ^ 

Nrither  alkalis  nor  aolphydric  acid  decompoae  tiie  r}'anid«  of  iron  contained  in  fenO' 
cyanides. 

Most  ferroc^anidoa  unite  in  their  entire  state  with  strong  sulphuric  acid,  forming  a 
kind  of  salt,  m  which  they  constitute  the  base.  Their  powder  soaked  in  cold  oil  of 
vitriol  Hwells  up  to  a  pasty  compound,  with  loss  of  colour,  and  considerable  evolution 
of  heat,  and,  according  to  the  aahire  of  the  metal  present,  either  dissolves  completely 
in  a  large  excem  of  the  acid,  or  reniiiins  almost  andissolved,  forming  a  solid  compound 
with  iL  These  componnds  remain  undecomposed  even  at  temperatures  much  abovA 
lOO^C.      If  4  small  qttantity  of  water  be  added  to  the  resulting  solutions,  e.ff.  by  ex- 

{io!<iug  ttiem  t^  tlu^  air.  they  fk^quentlj  deposit  a  crystalline  compound,  which  contains 
emj  wulpliuric  .icid,  and  when  treated  with  a  larger  quiintity  of  water,  is  resolved  cither 
into  ferpopnissie  aeid  and  a  compound  of  sulphuric  acid  with  the  other  metallic  oxide, 
or  into  mi'tullic  ferrocyanide  and  dilute  sulphuric  acid.  (Berseliua,  Schw.  J. 
XIX.  36.) 

FsRUOCTAKtDS  OF  AtUKtHim,  obtained  by  Hahtratiog  ferrocysnide  of  hydrogen 
(ferroprutsic  scid)  with  iihunina.  is  uncryfltallisahle,  and  deeompnsee  by  evaporation. 

Ferrocvanide  of  potjissium  addeil  to  an  alumininra>«alt,  even  if  strongly  aciilulated, 
throws  down  the  whole  of  the  Hlitmiiiiiim  in  the  form  of  a  whito  precipitate,  which 
yields  by  analysis  14-87  per  cenL  alitiiiinium,  Hnd  22-36  iron,  and  may  therefore  b« 
reprcfiMiU-*!  by  the  formula  2Al'Cy*.3FeCy»,  or  ( AI*)"'(Fe")«Cy'*  ( mlc.  14-70  aluminiiun. 
nrid  '22  .M  in<n),  which  if<  that  of  a  pntssian  blue  (p.  329)  ia  which  |>art  of  the  iron 
(that  which  enters  as  ferneum)  is  rcpLiced  by  an  equivalent  qunutity  of  aluminium. 
(C.  Ti««iiT,  Conijtr.  rend.  xlv.  232.) 

FaRBOCTANiDBor  AKXONtOK,  (NH*)«FaCy  -f  3aq.,isnbtainedbysatunit)ng 
fem>pmsi«ic  acid  with  ammonia,  or  by  decomposing  ferrocyanide  of  lead  with  carbonate 
of  umirinnia,  and  p^(^cipitating  the  filtered  sotutioo  with  alcohol,  as  the  salt  would  be 
ilet-oinixMHl  by  evaporation.  It  fnrms  pale  yellow,  transparent,  octahedral  mutals  of 
the  dimetric  iiystem.  isomorphoos,  or  rather  homofomorphoiis,  with  ferrwy'anide  of 
potassium.  Oniinaiy  combination  P  .  oP.  I^upth  of  principal  axis  —  1789.  Incli- 
nation of  P  :  P  in  the  terminal  edges  =  97°  46';  in  the  lateral  edges  «=  136"  62'. 
They  are  permanent  in  the  air,  very  soluble  in  cold  water,  insoluble  in  alcohol. 

The  flotution  of  this  salt  mixed  with  chloride  of  ammonium  and  concentrated,  yields 
rliomboheilril  crystals  of  OVtwv/«rrofya«iV/-r(j^fffflioMmiuvM,(NH*)'F©Cy*.  2NH'C1  +  3aq., 
which  are  trau^x^iarent,  irith  a  vellowiBh  colour  and  glassy  lustre,  permanent  in  the  air 
)uid  very  soluble  in  water.  The  crystals  are  sometimes  rbombohedrons  R,  sometimes 
in  the  form  of  the  next  acuter  rhombohedron,  -  2R,  sometimes  r-     ^g^ 

exhibit iiijr  the  combination  R  .  oR  .  -2R  (/^.  360).  Lcn-th  ^' 

of  priucipiil  axis  for  R  -  1-0326.  Inclination  of  the  ftui'S 
R  :  R,  ft-rmitifr  the  terminal  edces  of  the  hexagonal  pyra- 
mid, =  m°  b'2.';    R  :  oR  »  129  o9;    R  :  -2R  =  12fi<>  o9'; 

-  2R  :  oR  •  1120  45'  -phe  Bolution  is  decomposed  by  bod- 
ing, and  deposits  cyanide  of  iron.     (Buns en.) 

Th*  analogous  compound,  BrmHo-ftrrotyanidr  of  ammo- 
ntum,  (?JlI')'FeCy.  2NH'Br  +  3  aq.  likewise  forms  rhom- 
bohedral  crystals  permanent  in  the  air  and  very  soluble  in 
water.  They  exhibit  the  same  faces  as  those  of  the  preceding  comjMiund,  but  with  dif* 
ferent  inclinations,  the  rhombohedron  —  2R  also  predominating.  Length  of  princaMl 
axis  for  R  =  0  9868.     Inclination  of  R:  R  in  the  termintU  edges  ^  98°  49;  —  2R: 

—  2R  -  76°  6'.  (Himly  and  Bnnsen,  Pogg.  Ann.  xxxviii.  208.) 

Ferrwyanide  tff  Ammonium  and  Potaaeium,  ^  vA  FeCy*. — Obtained  by  the  action 
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of  Mnmonia  on  j^rricyaoide  of  potaasium  in  prcscnco  of  reducing  agenU,  snch  &• 
grape*  or  mtlk-sogar : 

K*Fe*Cy'«  +  (?fH«)»0  -  O  =  2(NH»)K»FoCy«. 

The  ammonia  should  he  pnurod  on  a  mixture  of  about  20  vis.  ferrlcTani*le  of  potM- 
nium  to  1  pt.  «uf?ar;  the*  nniture  left  to  stand  fur  Bome  days  in  n  hx>Bfl^'  *lopper«d 
bijltlB  am!  frefjuoiitir  etiaken  ;  nnd  when  its  colour  has  changed  to  a  pure  yeHow,  th« 
Bait  should  W  precipitatpri  by  nlcohol  and  rpcrystallised  fVom  wat<'r.  an  it  is  liable  to 
dcoompose  if  evaporated  in  rr<'8i>iice  of  the  reducing  agent.  The  eolt  ff>rm»  pala 
yeUow  square  pnsms,  onaily  soluhl©  in  cold,  and  atill  mora  in  hot  water.  "Wnea 
heated,  it  giroa  off  hydrocyanic  acid  and  cyanide  of  aimnoninm.  With  metallic  saltf 
it  yields  the  same  precipitates  as  ordinary  yellow  prugsiate.  Heated  with  fiji«4  alkalif, 
it  gives  off  aninionia  and  yields  enlta  of  similar  conHtitution  ;  e.ff.  with  aoiUx,  the  tttit 
K»  NaFoCS-*.     ( R  ei  Q  d  e  1 ,  J.  pr.  Clu-m.  1 1  v.  4  .'j  0 . ) 

Another  ferrocyanide  of  ammonium  and  potassium,  (NH*)''K*FeCy*,  is  obtjiined  by 
decomposing  the  corrpi«ponding  barium-sait,  IlitK-Fet.^'*,  with  sulphate  of  amtnoDiixiD ; 
or  by  action  of  ammunia  on  femH^yaniile  of  iron  and  pottiMJUBi : 

y^«|Fe-Cy«  +  2^NH'.n.O)  =  ^j^^'.j,|FoTy-  +  2(FonO). 

(Retndel,  J.  pr.  Chem.  lixvi.  H2,) 

Fbbbocta:? IBE  OF  Babium.  Ba'FpCj'*  +  Gaq. — Obtained  by  aaturating  ffrro- 
pruBsic  acid  with  Iwiryta-watrr  or  carbonate  of  barium  ;  by  dectjmpjsing  pmssian  bin* 
with  baryta-water  at  the  boiling  htiit.  filtering  at  the  eamo  t«tnperature  nnd  lenving 
the  solution  to  crystallise;  or  by  dtcompising  a  solution  of  ferrocyanide  of  potasaiaa 
with  chloride  of  barium  at  the  boiling  hent,  rhe  lutUT  Ireing  usf'd  in  CDnBiderabl* 
exrc-ss  (mnre  than  2  at.  chloride  of  burinm  to  1  at.  of  The  yidlnw  pnisj«iatc).  And  «eain 
iKpiling  the  cr^Btalline  powder  which  froiwralcs  on  cooling,  with  chloride  of  fwnum. 
If  the  chloride  of  barium  in  not  present  in  considemblo  excess,  a  double  ferrocyanid* 
of  barium  and  potassium  is  produced. 

Ferrocyanide  of  barium  nuty  also  be  produ<'«d  by  tho  nction  of  ferrotis  imlphats  on 
cyanide  of  barium  (3BaCy»  -f  FeSO*  =  Ba^FeCy  +  BaSOO,  which,  acctvding  t« 
Miirgueritte  «iid  De  »:iourdeval  (p.  203).  may  ca-sily  be  obtained  by  pasising  a  corwit 
t«f  air  over  un  i>^nit*d  mixture  of  cliarcoaJ  and  carljonate  of  barium.  If  this  pro«« 
sbould  fulfil  the  expectations  of  its  authors,  fcrrr>cyaiiide  of  barium  may  take  the  place 
of  the  potiiKsium-salt  for  the  propunitton  of  cirtaiii  fprrocyanidcs  UB«d  in  the  arta, 
being  easily  converted  into  ferroprussic  acid  by  the  action  of  dilute  sulphuric  acid,  iuitt 
pnifsian  bfnc  by  ferric  salts,  &c. 

Ferrocj'anide  of  barium  crystallises  in  flattened,  oblique,  rectangular,  monodiBie 
prisms,  yt'llow,  uon-ciBorcscent,  soluble  in  684  pts.  of  cold  and  116  pts.  of  boiiin; 
water  (Duflos).  At  40°  C,  they  give  oti"  i|  of  their  water,  and  b<?coru<'  white  kA 
opaque,  tho  remaining^  not  being  evolved  till  the  s-dt  b«'giua  to  decorrp-  -  v  % 
red  heat,  it  gives  off  nitrogen,  and  loaves  a  mixture  of  carbide  of  iron  n  of 

l»arium.  or,  if  in  contiict  with  the  air,  a  m iiture  of  ferric  oxide  and  cai-bon ■:■.  urn. 

Ou  passing  cldnrine  tlarough  the  b<jucou»  .solution,  it  becomes  turbid,  AoqainB  a 
grwnish-yelloff  coloiur,  deposits  a  cTc«n  powder,  then  becomes  browa  &nd  djirk^red, 
aud  is  decomjwsed  by  evaporation,  depositing  a  blolsh^white  powder,  bat  no 
crystals. 

Fiff.^Ql.  Frrroeijamdf  of  Barium  and  Potaasivtm,  (Ba'Tv»)FeCy* 

4-  3  aq.,  is  produced  by  mixing  the  boiling  conceotnted 
solutions  of  2  pts.  ferrticyitnid©  of  potaMiam  nod  I  j " 
chloride  of  banntn,  and  crystflllisea  on  cnoling  in  VK' 
tight-yellow  rhombobedron.s,  truncated  by  the  fiice  ( _ 
Length  of  principal  axis  —  l"fi70.  Inclination  of  B:! 
in  torminal  edges  =  98°  33';  R  :  oR  =   118''  63*. 

The  crystals  dissolve  in  38  pts.  of  cold  and  9*5  pta.  of 
boiling  water. 

By  treating  the  solution  of  this  salt  with  solubls  mI* 
phates.  a  number  of  other  double  ferrocyanides  oootainn^ 
potassium  may  be  obtained  ;  thus,  with  Bulphate  of  I 
monium ; 

B«K*FeCy*  +  (NH«)'SO»  -  BaSO*  +  (NH')-K'FcCy«.     (ReindeL) 
The  acid  sulphates  of  the  ftlkji1i-mi3tal«,  in  presence  of  an  oxidising  substaaoe,  i 
vert  it  inU:*  ferricvanidcs  of  idkaH-metals,  thus: 

2B»K-Fi^Cy*  +  2KHS0"  +  0  =  2K»FeCy«  +  2BaS0*  +  H"0. 
(Reindel,  J.  pr.  Chem.  lixvL  3i2.) 
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FiftBOOTAinvB  or  Bibmvth. — Nitrate  of  bumuth  fomu  with  ferrocyanide  of 
potiiMiinB  ■  white,  yeUowiah-whit*.  or  y«llow  precipitate,  which  &ft«rward»  txirns  pre^n. 
It  dilMlTM  in  sitnc  add,  and  ia  precipitated  therefrom  by  water. 

Fbkboctahidi  of  CaDMirx  is  a  wbita  precipitAto  solable  in  ammoiua. 

F««ftooTawii)M  OT  CaLcirn,  Ca»FeCy*  +  12  aq.,  oVtoiDed  by  boiling  pnuman 
blue  with  milk  of  lime  not  in  ezceee,  eraporating  the  filtrate  to  a  syrup,  and  learing  it 
to  rryatalliae,  forma  Urge  flattened  rhombic  prinns,  of  a  light  yellow  colour,  very 
bitter  and  dingreeable  taste,  Tery  aolable  in  water,  ioaoluble  in  alcohol 

Fnanaa  bhus,  boQed  or  digested  with  cxceaa  of  lime,  yielda  baeic  compoonds,  ot 
vaidea  of  ealdam,  (Qm.  ni  482.) 

anide  of  Calcium  and  Potauium,  (CaK')FeCy*  -f  3  oq,  is  obtained  as 
a  veUowiah-white  oyvtalline  precipitate  od  adding  ferrocyanidfi  of  potaaaiom  to  a 
•oltttion  of  a  calciam-aalt,  not  too  dilute. 

FxBBOQYJkViDi  or  Cbbiuk. — White  prcscipitate. 

FBBBOCTAiriDB  OF  CoBAtT,  0)*FeCy*.— Pale  blue  hydratcd  precipitate,  which, 
when  carefally  heated,  giree  off  the  greater  part  of  its  water,  and  assumee  a  dark  green 
odour.  If  it  be  then  heated  to  360°  C,  it  becomes  light  green,  giving  off  water  and  a 
•mall  quantity  of  cyanide  of  anunoniam.  When  more  etrongly  heated  in  a  dose  Teasel, 
it  givnt  off  nitrogen,  and  leavee  a  mixture  of  the  carbidea  of  iron  and  cobalt,  which 
glows  when  niiae<i  to  a  higher  temperatore.  The  compound  dissolTes  easily  in  strong 
aulphurio  add,  forming  a  red  liquid,  which,  after  some  tiro«--,  deposits  suJpkatr  nffrrro- 
a/ttnidt  o/codalt,  aa  a  roee-coloured,  crystAlliue  powder,  wluch  ia  drtromfosed  by  water 
(Berzelius).  Ferrocyanide  of  cobalt  diaaolTce  in  ammonia  and  in  carbonate  of  am- 
monia (Wittitein),  not  in  aul-ammouiac.    (Brett.) 

FbbboctIwidbs  opCoppbb.  CujtroutFerroeyanide,  2(Cu*)'(>'.Fe'Cy'. — 
FerrocTanide  of  potassium  added  to  a  solution  of  cuprous  clihirlde  in  hydrocblone 
acid,  throws  down  white  flakea,  which,  when  expoKcd  to  the  air,  or  to  tlio  action  of 
chlorine-water,  become  purple-red,  and  are  c^jnverted  into  ciipric  ferrocyanide 
(Proust).  Cuprous  ferrocyanide  is  likewise  obtained  by  the  action  of  acids  on  the 
following  compound  (Schulz).  It  dissolves  in  ummunia,  but  not  in  ammouiacal 
•alta(Wittsuio). 

Foiastio-cuproiU   Ferroeyaaidt,  Cn'K'FeCy*    +    8aq.   »  ^^J^jPe'Cy*  -♦•  8aq  — 

When  precipitated  mprJc  ferrocyanide  is  added  to  a  solution  of  cyanide  of  potassiam, 
cyanogen  is  erolred,  and  a  light  yellow  eolation  is  formed^  which,  if  the  cyanide  of 
potassiam  is  not  in  excosa,  depoaita,  first  a  deep  red  predpitate,  and  after  filtration, 
small  square  prismatic  crystals,  of  a  dark  red-brown  colour,  and  haring  tlie  composition 
indicated  by  the  above  formula.  This  compound  is  more  easily  obtained  by  dropping 
a  solution  of  cupric  sulphate  into  a  mixture  of  cyanide  and  ferrocyanide  of  potaswum, 
then  beating  the  liquid  and  leuring  it  to  itadf.  The  crystala  give  off  water  at  100°  C, 
and  torn  black ;  tbc^  are  insoluble  in  water,  ether,  and  aloohul,  but  soluble  in  cyanide 
of  potassium.     Boiling  water  decompoecs  them,  with   formation  of  ferrocyanide  nf 

r}tas8inm.     Acid.o  also  decompoee  them,  separating  white  cuprous  furrocyonide.     (C. 
chulz,  J.  pr.  Chem,  IxviiL  267.) 

Ctfiinidt  of  Pota-muM,  Cuprcaum  and  Ferro»um^  [K'(Cn')Te*]Cy*  +  4nq.  A  lifjuid 
eonsiflling  of  cyanide  of  potassium  and  sulphate  of  copper  containing  iron,  which 
had  been  used  for  coppering  by  electrolysis,  and  had  stood  for  A  long  time  in  tin  im- 
perfectly dosed  Teesei  was  found  to  have  deposited  brown-red  octahedral  crystala, 
reeembUng  chrome-alum,  and  agreeing  in  composition  with  the  above  formula.  The 
same  salt  was  obtained,  in  the  form  of  a  chocolate-colonr«'d  powder,  by  boiling  cuprous 
cyanide  with  solution  of  ferrocyanide  of  potastcinm,  and  leaving  the  liquid  to  eooL 
(Bolley  and  Moltlenhauer,  Ann.  Ch.  Fharm.  cvi.  22S.> 

According  to  Moldenhaner's  analysis,  the  crysft'ds  contain  4  at  water ;  according  to 
W.  J,  Woofor(Ohcni.  Soc.  J.  xr.  367).  they  contain  5  at.  water,  and  have  the  form 
of  the  cnbo-oetabedion  (Jg.  170,  p.  124). 

[For  Knhn's  experiments  on  the  action  of  ferrocyanide  and  ferricyanidc  of  potassium 
en  the  oxidee,  sulphides,  and  cyanides  of  copper,  see  Ann.  Ch.  i  harm.  Ixiivii  127.] 

Cvpric  Ffrrocynnide,  TirFeOy*.— Fem^cyanide  of  pota.i.-fium  uddisl  to  eiwfi 
of  a  oupnc  suit  forms  a  dnrk  purple-red  precipitate.  The  liquiib*,  if  ooncontrati^l, 
solidify  in  a  magmi*  whoii  utirred ;  if  more  dilute,  they  yield  thick  flakes  ;  and  if  vrty 
dilute,  the  mixture  atisuBu-s  a  beautiful  red  colour.  This  precipitate,  even  when  a 
large  excess  of  c<>pper-B;ill  is  used,  carries  down  with  it  a  large  iiuantity  of  ferro- 
cyanide  of  potassium,  which  cannot  be  removed  by  washing.  If,  therefore,  the 
prrripitate  be  suspcntlol  in  water,  and  divompoei^d  by  sul^urvlted  hydrogen — 
which  takes  a  long  time — a  strongly  add  U<jijid  is  obtnincd  which,  like  fcrropruiwio 
acid,  deposits  prujtsian  blue  on  exposure  to  tht-  tiir,  and  forms  a  blue  precipitate  with 
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of  Hmmonia  on  femcjaDide  of  potaraiom  in  preaenc«  of  reducing  agonta,  nch  u 
grape-  or  niilk*migar : 

K'Fe'Cy"  +  (NH*)'0  -  0  =  2(NH*)KTeCy*. 

The  ammonia  »honld  ho  poiirw!  on  a.  mixture  of  abotit  20  pt«.  ferriojanide  of  pot&s- 

nium  to  1  pt.  su^r ;  the  mixture  left  to  stand  for  some  days  in  n  Iooik-Ij  Btnppcred 

bottle  and  froqufntly  ehaken  ;  and  when  its  cnlour  lias  changed  to  a  pure  yellow,  tiio 

salt  should  be  precipitatfd  l>Tf  alo^bol  and  recrjstalli»ed  f^m  wat^T.  aa  it  i«  liable  to 

documpose  if  oviipomtotl  in  prmjicnce  of  the  rctliicing  agent.     Tho  aalt  forma  pale 

iTrellow  Hquare  pn^ms,  oaaily  solublo  in  cold,  and  still  moro  in  h'">t  water,     when 

I  seated,  it  pive«  off  hydrocyanic  acid  and  cyanide  of  ammonium.     With  metallic  aalfa 

Mt  yields  the  iwme  precipittltea  as  ordinary  yellow  prussiato.   Heated  with  fixed  alkali;*, 

Mt  given  otf  ammoaia  and  yields  aalts  of  similar  cooBtitution  ;  c.y.  with  eoda,  the  sail 

K'NaFeCy*.     (Rei  ndel,  J.  pr.  Cht-m.  Ixv.  4A0.) 

Another  fcrrocyanide  of  ammnniam  and  pntjussium,  (NF[')'''K'^Fery*,  is  obtained  by 
decomposing  the  corrcapondinp  bnriuin-KJiU.  ILtK-FeCy*.  with  sulphulo  of  ammonium; 
or  by  action  of  ammonia  on  forrocyanido  of  iron  and  pjtaMJum: 

j?![Fe-Cy«  +  2(NH'.H.O)   -  (j^H*j,jFe''Cy-  +  2{FenO). 

(Reindel,  J.  pr.  Chom.  Ixxvi.  142.) 

Pbbbocyaxiue  of  BiHirji,  Ba'FeCy*  f  6iiq. — ObtAined  by  sAtnratlng  ferro- 
praasic  acid  with  barj-ttt-wiitfr  or  oarbfinnte  of  b:irium  ;  by  decompxting  pnic«irvn  blue 
■with  baryta-water  tvt  the  boiling  heat,  filtering  at  the  eume  tern peraturt*  and  leaving 
the  solution  to  crystallise;  or  by  dirnmpotiing  a  solution  of  ferrocyanide  of  potHstiinm 
vilh  chloride  of  barium  at  tho  boiling  he;it,  the  Inner  being  used  in  cannideRibfo 
[  eicL'ss  (more  thmi  2  at.  chloride  of  biirium  if)  1  at.  of  the  yellnw  pnuiisiatr),  nniJ  apiin 
fn^iling  the  crysfulliue  p<mder  which  (•cjianites  on  coolinp;,  witii  chloride  of  Imrium. 
If  tho  chlnride  of  barium  is  not  present  in  considerable  excess,  a  doublo  ferrocyanido 
of  bnrium  and  potassium  is  produced. 

Ferrticyanide  of  barium  may  also  be  producetl  by  the  nctinn  of  ferrous  sailphate  on 
cyanide  of  barium  (3BaCy*  +  FeSO*  =  lla'Fery*  +  BaSO*),  which,  arconling  to 
Murpueritte  and  De  .'iJounieval  (p.  203),  inay  ea^iiiy  be  obtained  by  pus^inir  a  currfnt 
«.if  air  over  an  i|niited  mixture  of  cliarcnul  and  carlKinate  of  bariurn.  If  this  proccaa 
■bould  fnlHI  the  expectations  of  its  authors,  f^Trncyunide  of  barium  may  take  the  plai-e 
[  of  the  pot«»fium-.siilt  for  the  preparation  of  certain  ferrocyanides  used  in  the  art*, 
"htiag  easily  converted  into  ferroprussic  acid  by  the  action  of  dilute  salphurie  acid,  into 
pru««ian  blue  by  ferric  salts,  &c. 

Ferrocyauide  of  barium  crystalliaes  in  flattened,  oblique,  rectangular,  monoclinic 
prisms,  yellow,  uou-cfllorcscent,  st^luble  in  584  pt«.  of  cold  and  116  pta.  of  boiling 
water  (Dufloa).  At  H)^  C.  thry  give  off  ^  of  their  water,  and  become  white  ami 
opaque,  the  remajuinp  /^  "ot  being  evolved  till  the  s-.dt  begiae  to  dccomjwse.  At  a 
red  heat,  it  jrives  off  iiilrogen,  and  leaves  a  mixture  of  carbide  of  iron  and  carbide  of 
barium,  or,  if  in  conuiot  with  the  air,  a  mixture  of  ferric  oxide  and  carbonate  of  barium. 
On  piissing  chlorine  through  the  uqucms  !«olution,  it  become*  turbid,  acquires  a 
greenish-yellow  colour,  deposits  a  green  powder,  then  becomes  l>rown  and  dark-red, 
and  ia  decomposed  by  evaporation,  depositing  a  bluish-wbit«  powder,  but  no 
ci^stals. 

Fi^.  361.  Ffrrocr/nnide  of  Bantfm  and  Potastiumy  (Ba"K*)FeCy* 

+  3  aq.,  is  produced  by  mixing  the  boiling  concentrated 
Bolutions  of  2  pta.  fcrrocyunide  of  pota.Hsium  and  1  pt. 
chloride  of  banum,  and  crybtalliBPS  on  cooling  in  small, 
light-yellow  rhombohedrons,  truncated  by  the  face  oR. 
Length  of  principal  axia  —  l-fiTO.  Inclination  of  II :  K 
in  tenninul  e<ige8  =  98«>  33*;  R  :  oR  =  118*=  63*. 

The  crystals  dissolve  in  38  pta.  of  cold  and  9-5  pta.  of 
boiling  water. 

By  treating  the  solution  of  this  salt  with  soluble  sul- 
phates, a  number  of  other  double  fcrrocyauidca  containing 
potB'wiiira  may  be  obtained ;  thus,  with  sulphate  of  ani-_ 
moiiium  : 
BaK'FeCy*  +  (NH')»SO'  -  BaSO*  -^  (NH*)=K«FeCy«.     (Eeindel.) 

The  add  snlpbates  of  the  alknli-metiilit,  in  presence  of  am  oxidising  subst&oce,  eoB- 
▼ert  it  into  fenrieyanideH  of  alkali -metals,  thus: 

2BuK=FeCy«  +  2KHR0'  +  0  =  2K«FoCy«  +  2BaS0»  +  H«0, 
(Beindel,  J.  pr.  Chem.  Ixxvi,  312.) 
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Pbrkootaitidb  or  Biskcth. — Nitiste  of  biamath  fonn«  with  fcirocyanicle  of 
potjumara  a  white,  yellowijh-whit«,  or  yellow  precipitate,  which  afterwardi  tUTM  gre^n. 
It  diaaolTes  in  nitne  acid,  aad  is  precipitated  therefrom  by  water. 

Fbbboctahidi  of  Cadkium  IB  a  white  precipitate  eolable  in  ammonia. 

Fbhbootakidb  of  CALCirn,  Cft'FeCy*  +  12  ao..  obtained  by  boiling  pnwsian 
bloc  with  milk  of  lime  not  in  excess,  eraporating  the  filtrate  to  a  eyrup,  and  leariog  it 
to  cxyatalliBe,  forms  large  flatt«aed  rhombic  pnanu,  of  a  light  yellow  colour^  rerj 
bitter  and  disagreeable  taete,  very  eoluble  in  water,  inAolnble  in  alcohoL 

Froasian  bine;,  boiled  or  digested  with  excess  of  lime,  yields  basic  compounds,  OJ 
ozyfarrocyanides  of  calcium,  (Gm.ru.  482.) 

FtTTocyanidf  of  Cahmum  and  Potasriutn,  (riiK')FpCy*  +  3  aq..  is  obtmtvd  as 
a  yellowish-white  eryttaUine  precipitate  on  adding  ferrocyanide  of  potasaiuia  to  a 
Bolation  of  a  calcinm-salt,  not  too  dilute. 

FxBBocTANiDi  OF  Cbbittii. — White  prvcipitatc 

Fbbboctahidb  or  Cobalt,  Co'FeCy*.— Pale  blue  hydrated  precipitate,  which, 
when  careftdly  heated,  gives  off  the  greut«r  part  of  its  water,  and  assumes  a  dark  greeu 
colour.  If  it  be  then  heated  to  360°  C,  it  becomes  light  green,  giring  off  water  aad  b 
small  qtiantity  of  cyanide  of  aromoniam.  When  mare  strongly  heated  in  a  close  Teasel, 
it  gives  off  nitrogen,  and  leures  a  mixture  of  the  carbides  of  iron  and  cobalt,  which 
glows  when  raised  to  a  higher  temperature.  The  compound  dissolTcs  easily  in  strong 
BOlphurio  acid,  forming  a  red  liquid,  which,  aft^r  some  time,  deposits  tuJpkat*-  of  ftrro- 
cyanide  of  ttibalt,  as  a  rose-coloured,  crystalline  powder,  which  i.i  decomposed  by  water 
(Brrselius).  Ferrocyanide  of  cobalt  dissolves  in  ammonia  and  in  carbonnte  of  am- 
monia  (Wittstein),  not  in  sal-ammoniac.    (Brett.) 

FbbboctAmidbs  ofCoppbh.  CtiprouiFfrroeyanidBy  2(Cn»)''CS'».Fe*Cy«,— • 
Ferrocynnide  of  potassium  added  t«  a  lolution  of  cuprous  chlorido  in  hydrochlone 
acid,  throws  down  white  flakes,  which,  when  exposed  to  the  air,  or  to  the  action  of 
cJiIorine-water,  become  purple-rod,  and  are  converted  into  cupric  fern>cysui<le 
(Proust).  Cuprous  ferrocyanide  is  likewise  obtained  by  the  action  of  acids  on  the 
following  compound  (Scbols).  It  dissolves  in  ammuuiti,  but  not  in  ummouiaai.1 
•alts  (Wittstein). 

Fittamo-euproiu   Ferrocyanide,  Cu'K'FeCy*    +    3aq.   =   ^^^'JFe'Cy*   +  3aq.— 

When  precipitated  cupric  fcrrocranide  is  added  to  a  solution  of  cyanide  of  potassinm. 
^n  is  evolved,  and  a  light  yellow  solntion  is  formed,  which,  if  the  cyanide  of 
nam  is  not  in  excess,  deposits,  ilrat  a  de<.-p  red  precipitate,  and  oiler  filtration, 
I  square  prismatic  crystals,  of  a  dark  red-brnwn  colour,  and  having  the  oomfiosition 
indicated  by  the  above  formula.  This  compound  in  more  easily  obtained  by  dropping 
a  solution  of  cupric  sulphate  into  a  mixture  of  rynnide  and  ferrocyanide  of  potasnium, 
then  heating  the  liquid  and  Ifuving  it  to  itself.  The  crystals  rive  off  water  at  100'^  C- 
and  turn  blaiek ;  they  are  insoluble  in  water,  ether,  and  alcohol  but  soluble  in  cyanide 
of  potassium.  Boiling  wat«r  decomposes  tlicm,  with  formation  of  ferrocyanide  of 
potassitun.  Acids  abo  decompose  them,  sepaiuting  white  cuprous  ferrocyanide.  (C. 
Schuiz,  J.  pr.  Chem.  Ixviii.  257.) 

Ctfonidf  of  Potassium,  Citproaiim  and  Frrrogum,  [K»(Cu*)Te'^ry*  +  4nq.  A  liquid 
consisting  of  cyanide  of  potassium  and  sulphate  of  copoer  containing  iron,  which 
had  been  used  for  coppering  by  electrolysis,  and  had  stood  for  a  long  time  in  an  im* 
perfectly  <dos«d  vessel,  was  found  to  have  deposited  brown-red  octahedral  crystals, 
resembhng  chrome-alum,  and  agreeing  in  composition  with  the  above  formula.  The 
same  salt  was  obtained,  in  the  form  of  a  chocolate-oolonred  powder,  by  l)oiIing  cuprous 
cyanide  with  solution  of  ferrocyanide  of  potastdnm,  and  leaving  the  liquid  to  cooL 
(feolley  and  Moldenhauer,  Ann.  Ch.  Pharra.  cvi.  228.) 

According  to  Moldenhauer's  analysis,  the  cr)>tji]s  contain  4  at,  wat«r ;  according  to 
W.  J.  Won  for  (Chem.  Soc.  J.  xv.  3d7),  they  oonLiin  6  at.  water,  and  have  the  &rra 
of  the  cnbo-oetahedron  (Jff.  176,  p.  124). 

[For  Knhn's  experiments  on  the  action  of  ffrrocyanide  and  ferricysnide  of  potasBturat 
on  the  oxides,  sulphides,  and  cyanides  of  copper,  see  Ann.  Cli.  1  harm.  Ixxxni.  127.] 

Cupric  Ffrrocyanidf,  (^u'FeCy*.— Ferrocyanide  of  potnsfrium  add«^  to  exocisi 
of  a  oupnc  s;ilt  firms  a  dark  purple-red  precipitate.  The  liquids,  if  concentrblfd, 
solidify  in  a  rangmu  whpii  stirred;  if  more  dilute,  they  yield  thick  flakes ;  and  if  very 
dilatA,  the  mixture  assumes  a  beautiful  red  colour.  Tbia  precipitate,  even  .when  a 
Uu]ge  excess  of  cojipcr-»:ilt  w  used,  carries  down  with  it  a  large  tjuantity  of  ferro- 
cyanide of  pota-wium,  vliich  cannot  be  removed  by  waskinc.  If,  therefore,  the 
prrcipitatc  be  suspended  in  water,  and  d*i'<tijtimt<id  by  sulphurt^tted  hydrogen — 
which  takes  a  long  timn  —  a  strongly  acid  lif|ui<I  ia  obtained  which,  like  ffrroprosaic 
Si^id,  deposits  prussiun  blue  on  expoi^urc  to  thf  uir,  mid  forms  a  blue  pn.r)pitute  with 
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ferric  salts,  but  \s  not  preeipitAted  bj  ether,  except  on  addition  of  hydrochloric  add. 
It  oontainft  H'KFe«Cy»  (Willi amion,  Ann.  Ch.  Phivnn.  Irii.  24.')).  According  to 
Kammelsberg  (Pogg,  Ann.  Lxxiv.  65),  iwetato  or  Bulphate  of  copper  mixed  with 
ferropmsBic  acid  yields  pure  ferrocyanido  of  copper,  which,  atW  drying  over  sulphuric 
acid,  couUihb  Cu'FeCy*  +  7aq-  ;  according  to  Monlhiers,  however,  it  conlftina 
Cu'-'FeCy*  +  9aq. 

The  suit  girea  ap  only  a  part  of  its  w&ter  when  gently  heated,  asd  at  a  stronger 
heat  cTolrefl  hydrocyanrite  of  ammonia  as  well  as  water  (Vanquelin),  also  carbonats 
of  ammonia  and  Ditrcgeu  gna  (Berzoli  us).  The  residue,  if  more  strongly  ht«ted  in 
a  retort,  exhibits  a  faint  glow,  and  appears  afterwards  to  b©  composed  of  I  at,  bicjtr- 
bide  of  iron  and  2  at.  iB£>ni>earbide  of  copper  (Borzeliue).  Aqueous  potash  dec(<m- 
poeea  the  salt,  producing  ferrocyanido  of  potassium  and  hydrated  cupric  oxide  (I  ttn  c  r). 
In  oil  of  ritriol,  whi«h  dissolves  but  liUlo  of  it,  the  salt  assumes  a  greenish  yellow- 
white  colour;  but  on  subsequent  immersioa  to  water,  which  withdraws  the  snlpharie 
acid,  it  resumes  its  darit  R-d  colour  (B  e  re  o  li  u  s).  It  is  insoluble  in  water  aod  in  acids, 
which  do  not  decompose  it ;  alsQi  iaeoluMeinammoniacal  salts.  (Brett,  Wittstoin.) 
It  diesolvcs,  however,  in  aqueous  ammonia,  forming  a  colourloes  solution,  which  on 
evaporati'tn  leaves  the  cupric  ferrtx^yaaide  with  its  original  colour.  This  reactido 
aflords  the  means  of  detecting  extrtniely  small  quantities  of  copper,  even  when 
associated  with  other  metals.     (Warington.     See  p.  56.) 

Ttlrammonio-eiipric  Ferrtiq/anide,  4lJH*.Cu'FeCy*  +  aq.,  or  Ferrocyanide  of  Cu- 
prammonium^  (N^H*Cu")*.Fe"'Cy*  +  aq. — Produced  by  adding  ferrocyanide  of 
potassium  to  a  solution  of  nitrate  of  cnpramnioniam  (or  of  any  cupric  salt  containing 
sufficient  ammonia  to  form  a  clear  solution).  It  is  a  pate  yellow  crystjillinc  precipitate, 
fu^tullc  in  free  ammonia,  insoluble  in  water  or  alcohol.  Dilute  acids  withdraw  the 
ammonia,  leaving  red-bBfJwn  cupric  ferroc^'anide.  (Monthiers,  J.  Pharm.  [3]  xL 
249;  Bun  sen,  Pogg.  Ann.  xxxiv.  134.  J 

Oiiammonio-cupric  FtTron/anide,  8NH*.Cu'FeCy*,  or  Ferrocyanide  of  Ammo-eu' 
pramnumium,  [N*.H*(NE*)'Cu'']'FeCy*.— Cupric  ferrocyanide,  or  the  preceding  am- 
monio-compound  in  the  Boist  stats,  absorbs  ammoniacal  gas,  assuming  a  green  colour 
and  being  coQTened  into  the  octammooio-compound.  The  latter  is  very  unstable,  turn* 
ing  yellow  and  giving  off* half  its  ammonia  on  exposure  to  the  air.     (Monthiers.) 

J^tcmsio-cvpric  Ftrroctfanidt,  CuK-FeCy*. — I'nxiocod,  according  to  Mosauder,  by 
adding  a  cupric  suit,  drop  by  drop,  to  c%e^m  of  ferrocyanide  of  potassium.  [According 
to  Rammelsberg,  howercr  (Pogg.  Ann.  lxxiv.  65),  the  precipitate  thus  formed  con- 
tains wa*ST  and  is  composed  according  to  the  improbable  formula  Cu*FeCy*.K*FeCy* 
+  2aq.  When,  on  ih.t>  other  hand,  the  ferrocyanide  is  dropped  into  excess  of  the  cupnc 
salt,  the  prtjcipitate  has  the  composition  2(CuK*FeCy»3q.)  +  9(Cu*FeCy*.7aq.) 
Jahreaber.  f.  Chem.  1 847-S.] 

The  compound  CuK'FeCy*  also  constitwtM  the  dark  red  precipitato  mentioned  as 
produced  in  the  preparation  of  potassio-cuprous  cyanide,  when  a  comparatively  small 
quantity  of  cyanide  of  potassium  ie  used.     (Sch  ulz.) 

The  corresponding  ftdium  and  ammonium  compounds  are  obtained  in  like  manner. 
Tht>  latter,  Cu(NB*)'FeCy",  ii  a  scarlet  oystallina  body,  which  tarns  brown  on 
dryiug.     (Schuls.) 

Fbhroctanii^k  op  Etbtl,  (C'H*)*FeCy*. — Wliea  hydrochloric  acid  gas  is 
passed  into  a  well-cooVed  alcoholit  solution  of  ferropruseic  acid,  colourless  cryet&ls  are 
obtained  which,  after  drying  for  a  certain  time  over  lime,  consist  of  (f^H*)*FeCy* 
+  2C*H*C1  +  6aq.  Their  conesntrat&d  alcoholic  solution,  mixed  with  ether,  deposits 
nacreous  crtBtjds  of  pore  ferrocyanide  of  etkyl,  (C^H*)''FeCj*  -f-  6aq.  Both  compounds 
become  anhydrous  by  oontinaed  sxpoenre  oror  lime.  The  corresponding  methyl  and 
flwiyZ-compjuBda  appear  also  to  exist.     (H.  Buff,  Ann.  Ch,  Phonn.  xci.  263.) 

FsttBOCTAif i&K  or  HinROOXy.  Ftrrapruaaic  or  Hifdroferrocyanie 
acid,  H'FeCy*  =  4HCyjPe'Cy«.  Ferrnrettrd  Vhyasic  acid.  EisenUauJMun^  Was- 
ffrflffiffiittneyanUr,  Ferrocyanviuaenitiff'smtrt.  This  add,  discovered  by  Porrett 
(Phil.  Tmns.  1814,  p.  627),  is  obtained  by  decomposing  ferrocyanide  of  bariaro  with 
snlphurie  acid,  ferrocyanide  of  potaasiuin  with  tartaric  acid,  ferrocyanide  of  lead  or 
copper  with  snlphydric  acid,  or  prasBtaa  blae  with  sierj  strong  hjxirocMoric  acid  ; 

Fe»Cy>»  +  12HCI  -  JH^FeCy-  +  2Fe»a«. 

A.  good  method  of  preparing  it  is  to  dissolve  ferrocyanide  of  potassinm  in  a  small 
quantity  of  water,  bi>il  the  solution  to  expel  the  air,  leave  it  to  cool  in  a  stoppered 
bottle,  then  mix  it  with  strong  hydrochloric  acid,  also  freed  from  air,  and  shake  up  the 
liquid  with  ether.  The  ferropnissic  Kcid  is  then  precipitated  in  thin  white  sanies,  which 
lay  be  collected  on  a  filter,  washed  with  ethiir-alcohol,  pressed,  and  dried  in  v.icuo 
Vt  sulphuric  acid  (PoBselt,  Ann.  Ch,  rhann.  xlii.  163).    It  is  belter  to  separate  ths 
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add  from  iu  aolutioa  by  prectpit&Lioo  with  eth«r  than  by  evapontion,  aa  the  tolotion 
deoompoBM  vhon  exposed  to  the  air.  If  the  nqneons  solution  of  fflrrocjraoide  of  potas- 
vtum  be  mixed,  first  with  ether,  and  then  with  hydruchioric  acid,  the  ferropnmic  aoid 
•epacstee  perfectly  white,  and  may  be  dried  without  becoming  coloured.  It  may  then  b« 
AiTther  purified  by  praaiure,  solution  in  alcohol,  and  precipit-ution  with  cthor  (Dollfus). 
Knhlmann  prep^ns  ferropruiwic  acid  on  tlie  latige  sc&ie  by  decompoeing  ferrocjanide 
of  barimB  with  an  equivalent  quantity  of  sulphuric  acid.*  The  clarified  eolntion  u 
preeerred  in  well-cloeed  Btono-ware  jars  and  sent  in  that  state  into  the  market. 

Ferropruasic  acid  crt^taUises  in  white  graina  or  amnll  interlaced  nee<Jles :  larger 
crTttols  are  deposited  from  an  alcoholic  eolation  coTsred  with  a  layer  of  ether.     It  is 
easily  soluble  in  water  and  alcohol,  insoluble  in  ether.     When  exposed  to  iho  iiir,  it 
•baorha  oxygen,  even  at  ordinary  temperuturt's.  and  more  quickly  when  heated,  hydro 
cyanic  acid  being  set  firf«  and  prusiiian  blue,  Fe^Cy'*,  deposited: 

TH'FeCy*  +  0»  =  24HCy  +  2HHD  +  Fe'Cy". 

(Reiman  and  Car i us,  Ann.  Ch.  Phann.  cxiii.  39.) 

Thia  reaction  is  applied  to  the  production  of  pnusian  blue  in  calico-printing.  The 
pattern  is  printed  with  a  mixture  of  ferrocyanide  of  potassium  and  tartaric  acid,  or 
with  sulphuric  acid  and  alum,  and  exposed  to  the  action  of  a  hot  Htoam-Lath.  In  this 
tretttro<«Dt,  ferroprussic  acid  is  flrst  set  free,  and  then  decomposed  in  the  manner  just 
•xplainrd. 

rerroprussic  acid  is  a  strong  acid,  having  a  sour  taste,  reddening  litmus,  and 
dcoompoaing  carbonates  and  acetates  without  the  aid  of  heat :  it  even  dccumpoRcs 
tjutraua  and  oxalates.  With  moat  metallic  salts  it  acts  in  the  same  manner  as  fem>- 
eyanide  of  potassium.  Heated  with  merearic  oxuU,  it  jialda  cyanide  of  mercury  and 
protocyanide  of  iron : 

H^FeCy  +  2Hg"'0  =  2Hg"Cy»  +  FeCy»  +  2HK> ; 

but  the  ferrous  cyanide  is  immediately  oxidised  by  the  excess  of  mercuric  oxide,  with 
Mpantion  of  roetiillic  mercury. 

FerropruBsic  acid  is  tetntbHsic,  as  appears  ftvm  the  oonstitaUon  of  some  of  thi 
double  ferrocyanides ;  e.ff.  K'(NH*)FeCy*,  and  from  the  rolationa  between  the  ferro- 
acd  ferricyanidcs  (p.  222). 

F«BROCTANIBB  OF  IrON.  FbHBIC  FKaBOCTA  xtdb,  Fe'Cy'*  ■*■  ISaq.  = 
(Fe*)"(Fe")*Cy'*  +  Iftaq. — This  is  one  of  the  compounds  designated  by  the  common 
name  of  Prnajtian  blue.  It  is  obtained  in  the  pure  state  by  precipitating  ferropnusic 
acid  with  a  ferric  salt : 

3H*FeCy  +  2Fe»Cl«        =  12HCI    +  Fe'Cy", 
or  3H«FeCy«  +  2Fe»(S0*)'   -  6H«S0«  +  Fe'Cy". 

The  ssma  precipitate  is  formed  by  adding  ferrttcytinide  of  potassium  to  a  ferric  salt, 
the  latter  being  in  excess;  it  always  ourriee  down  with  it  a  certain  quantity  of  tha 
alkaline  ferrocyanide,  which,  however,  may  be  removed  by  digestion  with  the  ferric 
•alt  and  subsequent  washing.  If,  on  the  contniry,  the  ferric  sjilt  be  added  to  excess 
of  the  alkaline  ferrocyanide,  a  much  birgor  quantity  of  the  latter  is  carried  down  with 
the  precipitate,  and  cannot  be  completely  separated  by  any  amount  of  washing 
(p.  229). 

The  pure  ferric  ferrocyanide  obtained  as  above  is  sometimes  called  Parts  blue. 

Yerric  ferrocyanide  is  likewise  produced  by  the  following  reactions ; 

a.  By  precipitating  a  ferrosoferric  salt  with  cyanide  of  potassium  : 

ISKCy  +  3FeCl'  +  2Fe*Cl*  =  ISKQ  -i-  Fe'Cy^; 

if  tll«  iron-«olation  contains  a  larger  proportion  of  ferric  salt,  the  excess  of  the  Litter 
doM  not  appear  to  alter  the  character  of  the  precipitate ;  but  if  the  ferrous  salt  is  in 
mrfflii.  tha  precipitate  will  have  a  different  cn.'intcter,  approaching  to  the  compoeitlon 
of  famna  ferricyanide,  or  Tarnbull's  blue  (see  Febbictakides). 

b.  Bv  mixing  hydrocyanic  acid,  first  with  potash,  then  with  a  ferroeo-ferric  salt, 
and  then  with  excess  of  hydrochloric  acid.  In  this  case,  fernwyanide  of  potassium  is 
Bret  formed,  and  this  with  the  ferric  salt  present  forms  pruaaiaa  blue.  This  is  one  ol 
the  chief  teets  for  hydrocyanic  acid  (p.  218). 

e.  By  immersing  recently  precipitated  ferroso-ferric  hydrate  in  hytlrocyanic  acid. 
d,  Bv  immersing  ferrous  cyanide  in  a  aolution  of  a  ferric  salt,  which  is  thereby 
reduced  to  a  ferrous  salt : 

»FeCy»  -i-  2Fe»a«  -  6FcCl«  +  Fe»Cy« 
Hi 
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t.  Bj  the  Bction  of  air,  chlorin&-vsLU>r,  or  other  oxidiiiing  agents,  on  farrotu  eyanuU; 
9FeCy»  +  0*  -  Fe'Cy"  +  Fo»0»; 
or,  on  ferrocjaoide  of  hydrogen : 

7H«FoCy  +  0»  =  Fe'Cy"  +  2tHCy  +  2H'0; 
or,  on  ferrocyanido  of  iron  and  pijtassium  (the  white  precipitate  formed  by  addiin; 
ferrocyanide  of  potafisium  to  a  ferrous  salt),  probably  thus : 

0» 


6(K»Ft)Ft.Cy*  + 

Feirocyanlde  of  Iron 
■rid  potJUkium. 


Fe'Cy"  +  3K*FeCy«  +  Fe»0». 

Pruitlioa       Ferr(»cjanld«        Ferric 

blue.  ofpotudum.         oxide. 


It  is  chiefly  by  this  lA«t  reaction  that  pnisaian  blue  is  prepared  on  the  lai^  acale, 
ferrocyanide  of  potasatum  being  first  precipitated  by  ferrous  sulphate,  and  the  resolt* 
ing  white  or  light  blue  precipitate  either  left  to  oxidise  by  contact  witk  the  air,  or 
smbjected  to  the  action  of  nitric  acid,  chlorine,  hypochlorites,  chromic  acid,  &c.  The 
product,  however,  is  not  pure  ferric  ferrocyanide:  for  it  is  certain  that  another  and 
simpler  reaction  take*  place  at  the  same  time,  by  which  the  ferrocyanide  of  iron  and 
potassium  is  convertpd,  by  the  abstraction  of  1  at>  potassium,  into  ferricyanide  of 

iron  and  potassium,  Jr„  I  Fo"'Cy',    which    also    poflaaases  &   fine  deep  blue    colonr. 

Commercial  prussian  blue  is  therefore  generally  a  mixture  of  this  compound  with 
ferric  ferrocyanide,  Fe'Cy",  the  one  or  the  other  predominating  according  to  the 
manner  in  which  the  process  is  conducted.     (See  Pbussiah  Bum.) 

Ferric  ferrocyanido  forms,  when  dry,  a  dark  bine  mass,  having  a  strong  eoppny 
lustre  and  conchoida]  fracture.  It  cannot  he  dehydrated  by  heat,  as  it  is  thereby  do- 
oompoeed,  giving  oflF hydrocyanic  acid  and  leaving  ferric  oxide.  Heated  in  contact 
with  the  air,  it  takes  fire  and  burns  like  tinder,  leaving  ferric  oxide. 

It  is  insoluble  in  water,  alcohol,  ether,  and  oils,  and  ta  neither  dissolved  nor  dMOOL. 
posed  by  dilute  mineral  acids.  It  dissolves  with  violet  colour  in  tartrate  ofcmmoidA, 
and  with  blue  colour  in  oxalic  acid.  Tills  latter  solution  may  be  naed  as  a  hlae  ink; 
it  it)  prepared  by  triturating  prussian  blue  with  1  or  2  pfcs,  of  crj'stallised  oxalic  add 
and  a  small  quantity  of  cold  water  tUl  it  forms  a  thick  paste,  which  may  be  diasolrod 
in  a  larger  quantity  of  water. 

Immeraed  in  cold  strong  $tUphurie  aeid,  it  is  converted  into  a  white  pasty  mai^^ 
without  evolving hydrocjunic  acid  or  giving  up  iron;  the  addition  of  water,  alw^fl^^ 
or  even  ether,  restores  the  blue  colour  withont  contact  with  the  air  (Robiq  net).   ^1^^ 
white  pasty  mass  docs  not  dissolve  in  excess  of  sulphuric  add;  when  dried  in  Tamo 
on  a  porous  tile,  it  leaves  a  white  pasty  amorphous  powder  culled  auipkair  of  pruuian 
fi/w**,  which  ia  imnit<diat«ly  decomposed  by  water  into  prussian  blue  and  dilute  sulphuric 
acid.     (BerzeliuB.) 

Strong  nitric  or  sulphuric  acid  heated  with  ferric  ferrocyanide  decomposes  it  by 
oxidation.  Strong  hydrochloric  acid  gradually  decomposes  it,  abstractbg  the  iron  in 
th*>  form  of  ferric  chloride,  and  the  residue,  if  continually  treated  with  freah  qaandtiea 
of  add,  ultimately  eoniiata  of  ferrocyanide  of  hydrogen  : 

Fe'Cy"  +  12HC1  ^  2Fe*CT*  +  3H*FeCy. 

CKlorine-waier  converts  ferric  ferrocyanide  into  a  green  compound,  which  turns  blue 
in  contact  with  ferrous  or  stannous  chloride.  Ferric  ferrocyanide  boiled  with  meranie 
oxidf  yields  cyanide  of  mercary  and  ferroao-ferric  oxide : 

Fe'Cy"  +  9Hg"0  -  flHg'Cy"  +  SFe0.2Fe*0». 

The  iixed  alhdit,  and  magnesia,  in  presence  of  water,  decompose  ferric  ferrocyanide, 
eapecially  with  aid  of  heat,  forming  an  alkaline  ferrocyanide  and  ferric  hydrate : 

Fo'Cy"  +  I2KH0  =  SK'FeC^^  +  2Fo«H«0«. 

The  carbonatet  ofpotamum  and  sodium  act  in  a  similar  manner,  but  lees  powerfolly. 
Ammonia  at  first  unitea  with  ferric  ferrocyanide,  but  afterwards  decomposes  it,  form- 
ing a  greyish-brown  basic  com|X)und,  which  again  yields  prusaian  blue  when  ti«ated 
with  adds.  lAme  also  boiled  with  ferric  ferrocyanide  fomu  a  ■imil^i.T'  basic  oompoand, 
but  of  a  light  yellow  colour. 

Aqueous  nUphifdria  acid  decomposoa  ferric  ferrocyanide,  forming  ferrous  cyanide 
•nd  ferropnissic  acid,  with  separatian  of  sulphur : 

Fe'Cy"  +  2H*a  =  H'FeCy'  +  6FeCy«  +  S*. 

Inn  Of  tin  filings  plaoed  in  contact  witli  it  under  water,  withdraw  part  of  Uw 
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ejMtogtn  and  conreri  it  iato  white  forrous  cyanide.  Cufrov*  Mcride  ako  turns  it 
while.  Boiled  with  a  poly$ulphidt  of  ^tasdum,  it  yields,  according  to  Porrett,  sulpho 
eranata  of  potaasium,  a  sulimide  of  iron  being  probably  formed  at  the  same  time ; 
«^.  Fa'Cj"  +  »K'S»  =  uKCjS  +  WS\ 

SolnhU  Bnt$aia%  biue. — When  ferric  chloride  is  added  to  excesfl  of  ferrocjaoide  of 
poUMxnra,  a  dark-blue  precipitate  is  farmed,  which  is  iotioluble  in  the  ealine  liquid. 
bat  gradually  disaolres  dnnng  washings  the  water  acquiring  a  blue  ooloar,  which 
beeomes  deeper  as  the  soluble  Baits  are  remoTed.  This  prodpitute  contains  potassium, 
which,  indeed,  is  found  both  in  the  wash-waters  and  in  the  residue,  even  after  the 
wiudiing  has  been  cuntiuuKl  long  enough  to  ditisolre  out  a  considerable  portion  of  the 
pncipitate.  This  is  the  soluble  prussian  blue  of  Berzolius  and  Bobiquet;  it  is 
usually  rttgarded  as  ferric  ferrocyanide.  retaining  a  certain  and  aomedmes  a  consider- 
able  quaadty  of  ydlow  prussiate,  which  is  gradually  dissolved  out  during  the  washing. 
ttadrsnden  the  precipitate  also  soluble  (Onu  rii.  440).  Eekul^,  however  (Lchrbuch 
d.  cry.  Chem.  i.  3*27),  considers  it  improbable  that  this  should  be  the  case,  seeing  that 
a  larger  quantity  of  the  yellow  prussiate  renders  the  precipitate  insoluble.  He  con- 
siders it  more  probable  that  the  precipitate  conRists  of  ferrocyanide  of  iron  and  polAs- 
aium  (KFe)F«Cy*.  The  greatest  degree  of  solubility  is  said  to  be  obtained  by  preci- 
pitating 1  ats  ferrocyanide  of  potassium  with  a  solution  of  ferric  iodide  containing 

1  at.  or  rather  more  of  iodine.  (Wagner's  Jahresbericht  f.  Chem.  Technologie, 
1868,  it.  p.  194.) 

Ammonio-ferrie  Ferrocyanide,  6NH'.Fe*Cy'*  +  9H*0,  or  Ferrocyanide  of 

/errieum   and    ftrricammontun  ^^'^*^jU  FeCy*    +    3HHD.»— This,    according   to 

Monthiers  (J.  Pharm.  [3]  ix.  26),  is  the  first  product  of  the  action  of  ammonia  on 
ferric  ferrocyanide,  the  iiluimite  products  being,  as  already  observed,  ferric  oxide  and 
ferrocyanide  of  ammonium.  The  best  mode  of  preparing  it  is  to  pour  an  excess  of 
ammonia  into  a  solution  of  diclilorido  of  iron,  and  throw  the  whole  on  a  filter 
resting  in  a  funnel,  tbe  neck  of  which  dips  into  a  solution  of  ferrocyanide  of  potjissium. 
As  aoon  as  the  two  liquids  mix,  a  perfectly  white  precipitate  is  formwi,  which  turns 
bln«  in  contact  with  the  air.  This  precipitate  is  digested  with  larlnite  of  ammonia, 
to  remove  the  ferric  oxide  likewise  produced  in  the  reaction,  the  whole  being  kept  for 
•ome  hours  at  a  l^'mptraturc  of  6^*  to  80°  C,  and  the  precipitate  then  washed  with 
distilled  water.     The  first  product  formed  is  white  cyanide  of  ferrotammonium : 

3K'FeCy«  +  6FeCl»  +  18NH»  =  12KC1  +  9(2NH«J?'eCy«) ; 

and  this  when  exposed  to  the  air,  iiikfn  up  oxygen,  gives  off  ammonia,  and  lb  converted 
into  ommoaio-ferric  ft'rrocyanide  and  ferric  oxide  : 

9(2NH».FeCy»)  +  0*  -  12NH«  -  «NH'.FeTy'»  +  Fo«0». 

It  is  a  blue  powder  with  a  tinge  of  violet.  It  begins  to  give  off  pniwtic  acid  at  1 00"  C, 
but  retains  its  colour  up  to  160°,  below  which  temperature  no  ammonia  is  eroired. 
It  is  altogether  more  stable  than  ferric  ferrocyanide,  not  being  attacked  by  tartrate 
of  ammonium  either  at  ordiaary  or  at  higher  temperatures.     (Monthiors.) 

fotassio-ferrout    Ferrocyanide,    K»Fe»Cy  -    ^*JFe''Cy«.— This    is  the 

white  (or  yellow)  insoluble  substance  formed  when  ferrocyanide  of  potassium  is  dis- 
tilled with  dilute  sulphuric  acid  for  the  preparatioa  of  hydrocyanic  acid  (Everitt, 
PluLMag.  [3]vi.  97): 

2K*FeCy»  +  3n»S0*  =  3K*S0*  +  eHCy  +  K»Fe*(y. 

It  ii  also  produced  on  adding  ferrocyanide  of  potnssiam  to  a  solution  of  a  ferrous  salt: 

FeCl*  +  K'FeCy*  =  K*Fe*Cy»  +  2KC1 ; 

the  reaction  consisting  simply  in  an  interchtinge  between   1  at.  iron  (ferposmn)  and 

2  at.  pc^aseium.  If  the  ferrous  salt  is  quite  free  from  ferric  salt,  and  the  air  is  com- 
pletely excluded,  the  prccipitAte  is  white,  but  it  quickly  turns  blue  in  contact  with  the 
air.  The  solution  of  ferrous  sulphite  and  h^rposulphite  obtaiaod  by  immersing  clean 
iron  wire  in  aqueous  sulphurous  acid  contained  in  a  closed  vessel,  gives  with  farro* 
cyanide  of  potassium  a  perfectly  whit«  precipitate. 

By  th«  action  of  tbe  air,  nitric  acia,  ana  other  oxidising  agents,  potassio-ferrous 
ferrocyanide  is  converted  partly  into  ferricyanide  of  iron  and  potassium  (William<- 
■  on),  partly  into  ferric  ferrocyanide.     (See  p.  228.) 

FaBBocTANiDa  or  Laau,  Fb'FeKJy*  +  3aq.,  is  obtained  as  a  white  precipitate 
on  mixing  the  solutions  of  nitrate  of  lead  and  ferrocyanide  of  potassium.  It  gives  off  all 
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ila  water  when  gcnily  healed.  The  anhjtlroua  «alt  ignitod  to  a  cloee  vetiael  give*  off 
nitrogen,  nnd  leaves  a  mixture  of  carbide  of  lead  and  carbide  of  iron,  which  bums  lik« 
tinder  when  gently  heated  in  contact  with  the  air.  The  hydmted  Bait  suddenlr 
exposed  to  a  atrong  htat,  g\vt<»  off  water,  carbonic  acid,  and  cyanide  of  ammoniuni. 
The  salt  is  decompf^sed  by  dilute  Bulpliuric  acid,  and  by  aqueous  imlphydric  acid,  yielding 
fer^lpnl.<)sic  acid.  Heated  in  isulphydric  acid  gas.  it  is  resolrod  into  sulphide  of  lead, 
Biilphido  of  iron  and  hydriwyanic  acid  (Berjielina).  It  is  insoluble  in  water, partially 
soluble  in  hot  aqucoua  ammonia,  perfectly  soluble  in  ft  hot  solution  of  chloride  or  suc- 
cinate of  animonium,  iuuoluble  in  other  ammoniacal  salts.     (Wittetein.) 

Fekroctanidb  of  Maonksiux,  Mg*FeC?y*  +  12  aq.,  is  obtained  in  the  form 
of  small,  pale  yellow,  stellate  needles,  permanent  in  the  air,  by  saturating  fenoprosqic 
acid  with  carbonate  of  msgneaiom,  and  evaporating  the  filtrate. 

Ferrocyanide  of  Magnesium  and  Ammonium  is  obtained  in  an  impure 
state  by  adding  ferrocyanido  of  potassium,  or  of  calcium,  to  a  solution  of  a  magnesium- 
salt  containing  eal-ammonkc  and  free  ammonia.  On  boiling  the  liquid,  the  double 
salt  is  deposited  in  the  form  of  a  white  powder,  which  does  not  decompose  at  100**  C. 

Ferroojfanide  of  Magnesium  and  PotasMtum,  (MgK*)FcCy*,  it  obtained  u 
m  white  granalAr  precipitate  od  adding  fenocyBiiidd  of  potassiam  in  excess  to  •  not 
Tery  dilate  solution  of  a  magnoBium-Halt. 

Fbbroctakipb  Of  Mamoankse. — \Vhito  precipitate,  soluble  in  hydrochlorie 
aciil.  When  a  solution  of  a  miinpuious  salt  is  poured  into  excess  of  ferrocyanide  of 
potassium,  the  precipitate  contains  \n>Xh  (iiang»no.w  and  potaesiura. 

Mercuhic  Fehbocta.««  it>k. — -WhitP  precipitAte  obtained  by  adding  ferro- 
cyanide of  potassium  to  a  solution  of  mercuric  chloride. 

Ammcnio-mercuric  Ferrocyanitie.  2NH'.(Hg'')*FeCy*  +  aq., or  Ferroej/anide 

qf  Mercury  end  Mircurammonium,         »  *<  f  FcCy*  +  aq.,  is  obtained  by  dissolring 

nitrate  of  mercurammoaium  (ammonio-mercuric  nifrat^o)  in  a  moderately  strong  solution 
of  Eitnito  of  animonium  containing  free  ammonia  and  cooled  by  ice,  and  precipitating 
with  ferrocyanido  of  potassium.  It  forms  wino-yellow  rhomboidal  prisms,  which  give 
oif  their  ammonia  on  exposure  to  the  air,  Thry  are  decomposed  by  water,  yielding 
cyanide  of  mercury,  feme  oxide,  and  ammonia.  If  the  solution  of  oitrate  of  ammonia 
used  in  the  preparation  ia  too  stronj?  or  too  hot,  mercury  is  reduced,  and  if  it  is  too 
dihite.  the  prtKJuct  is  immediately  decompusod  by  the  water  present,  (^Bunsen,  Pogg, 
Ann.  xxxir.  139.) 

Fkhhhoctakidrs  ny  Moi.tiiukmum,— Ferrocyanido  of  potaMium forme  with 
nuilyhdoua  Hulta,  a  dark-bri>wn,  precipitate  srjluble  in  excess  of  the  reagent  and  in 
Ammonia;  with  vwlyhdic  salts,  also  a  dark  brown  precipitate,  insoluble  in  excess  of 
the  alkaline  ferrocyanide,  but  solnblo  with  decomposition  in  ammonia;  with  solutions 
of  moltfbdic  twid  in  the  stronger  acids,  it  forms  a  red-brown  precipitate,  soluble  in 
excess  of  the  ferrocjmnide,  and  in  ammonia,  with  formation  of  ferrocyanide  and 
iiinlybdate  of  ammoninm.     (Berzelius.) 

FbukoctawidbofNickb  I.,  Ni'FeOy*. — Precipitated  in  p«le  apple-green  flocks, 
B'duble  with  rod  colour  in  ammonia,  insoluble  in  ammoniacal  salt«.  When  thu*  pre- 
pari'd,  it  always  retains  ferrocyanide  of  potassium,  which  cannot  be  remored  by 
washing.  It  may.  however,  bo  obtained  quite  pure  by  decompoiing  the  following 
compound  with  boiling  water. 

Ammonio-fiirrocyattidt  of  NioJrel,  lONH'.NiTeCy*  ■^  4  aq. — A  solution  of 
recently  precipitated  ferrocyanide  of  nickel  in  excess  of  ammonia  deposit*  this  com- 
ponnd,  after  a  short  time,  in  a  multitude  of  very  delicate  viotet-coloured  needles.  The 
samf*  compound  is  obtained  by  adding  ferrocyanide  of  potiwsium  to  a  nickel-salt 
containing  a  large  excess  of  ammonia.  In  the  moist  state,  it  is  decomposed  by  mere 
exposure  to  the  air,  giving  off  ammonia  and  wuter  and  leaving  ferrocyanide  of  nickel ; 
but  after  drying,  it  bears  a  hent  of  H>0°— 150°  C.  without  decomposing.  Boiling  with 
water  also  decomposes  it,  the  ammonia  dissolving  and  ferrocyanide  of  nickel  remain- 
ing.    (Eeynoso,  Ann.  Ch.  Pliys.  [3]  xxx.  262.) 

Ferrocyanide  of  Nictel-ammonium,  (N'H'Nil'.FeCy*  +  4aq.,  is  obtained  ns 
a  gTcrnJsh  white  prtjcipiuvto  on  adding  ferrocyanide  of  potassium  to  a  solution  of 
nitrate  of  nickel-ammonium.  It  is  insoluble  in  water  and  more  stable  than  the 
preceding.     (Heynoao.) 

Fkrboct&nidb  of  Potassiom.  K*FeCy*  =  iKCy.FeCy*.  Pruariaie  of 
Potafh,  FerropruMi'aU  of  JPotath,  Yellow  Prussutte  <f  Potaah,  Ytilow  PrussitUe,  Blood- 
lye-salt,     Blutiaugtnsais,   K<diumeisencyanur,     (Gcntelo,  Dingl.   polytechn.  J,  Ixi. 
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189;  LuTi.  342;  xcit.  197;  cxvU,  414. — Liebig,  Ann,  Ch.  Pbarm.  xxxriiL  20. 
Habich,  DiniacL  cxL  871.— Wagner's  Jahrcsbcr.  £  Chem. Technologie,  1856,  p.  HJ, 
^i5ruDqu<?ll,  DingL  cxl  374;  cxli.  47;  Wagner's  Jahrcflb«r.  1868,  d.102.— K*rm> 
rodt,  DingL  cxlri.  294;  Wagner's  Juhresber.  1857,  p.  139. — Nolfncr,  Ann.  Ch. 
Pbarm.  criiL  8;  Wagner's  Jahrester.  1858.  p.  175.— k  Hofmnnn,  DingL  ili.  63; 
Wagoez'a  Jahresber.  1858,  p.  179.— Graeser,  Poljt  Centrulhalle,  1858,  pp.  25,  33, 
40;  Wagner's  Jahresber.  1868,  p.  183.— flandworterbuch  der  Cbeniio,  2**  Aufl.  ii. 
[2J18-I.— Gm.  viL  463.) 

This  imporUnt  salt  was  first  prepared  about  the  middle  of  the  last  century  by 
Macquer,  vbo  obtained  it  by  the  action  of  alkali  on  pnuHUUi  bloc,  and  cuDed  it 
rUoguticattd  alkali.  Sage,  and  afterwards  fiergmann,  ibowed  that  it  might  be 
ptvpared  in  the  dir  way.  Tbe  iron  contained  in  it  wai  at  flnt  regarded  as  an  impurity, 
tili^ertbollet  showed  that  it  was  an  essential  comititae&tk  Tbe  aalt  ia  now  mua- 
Cwtorvd  OD  a  very  large  scale,  and  used  for  the  prq>arai.ion  of  cyanide  and  cyan  ate  of 
potaaaiuin,  prtiaaic  acid,  pnissian  blue,  and  otb^  cyanogon-compoDnds ;  also  in  dyeing 
«od  ealieo  ptiAting,  for  tne  direct  fonnatkn  of  pnuaian  Uue  on  tissnes. 

J'W«M/«ni,»Ferrocyanide  «f  potasaittm  is  foosedoB  bringing  together  the  following 
nbctanoea: 

1.  Ferrona  cyanide  with  aqueons  cyaaide  of  pot^ussium. — 2.  Ferroprussic  acid  with 
hydrate  or  carbonate  of  potassium. — S.  Ferrous  hydrate  with  cyanide  of  potassinm, 
potash  being  formed  at  the  same  time : 

6KCy  +  FelPO*  -  K*FeCj«  +  tKHO. 

4.  Ferrona  cyanide  with  aqocjus  pcitHsh  : 

8F«.<3y>  +  4KH0  =  K«FeCy  +  lFeH*0». 

6.  Feme  ferrocyanide  or  ferrous  fcrriernnido  witii  ncjueous  potash,  feiric  oxide  being 
Mparat«d  in  the  flrtt  case  (p.  228),  and  ferroso-ferric  oxide  in  the  second  (p.  203). — 
8.  By  the  action  of  potash  on  Tarious  ferrocyanides  (p.  223).— 7.  By  bringing  metallic 
iron  in  coutact  with  aqueoiu  cyanide  of  potassium,  Ute  aaion  talking  place  slowly  at 
ordinary  tcmpenturoe,  quickly  at  the  boiKog  hervt.  If  t^  uir  is  excluded,  hydrogen  is 

OTOlTfld: 

6KCy  +  Fe  +  JH»0  =  K'Ft«Cy-  +  2KnO  +  H* ; 

bob  if  the  air  has  access  to  the  liquid,  oxygen  w  absorbed  and  no  hydrogen  ia  erolred : 

6KCy  +  Fe  +  H'O  +  0  -  K«FoCy«  +  2KH0. 

8.  Sulphide  of  iron  with  aqueout  cyaniJe  of  potiutsium,  sulphide  of  potaasinffl  being 
fomed  at  the  same  time : 

6KCy  +  FeS  -  K'FeCy*  +  K»S. 

9.  Any  solnbla  fentms  salt  with  aqueous  cyanide  of  potassium : 

FoCl*  +  «KCy  -  K*Fer>'«  +  2KC1 
FcSO*  +  6KCy  «  K*FeCy*  +  K*SO<. 

Preparation, — 1.  On  the  rmall  scale,  pure  fcrrocyanide  of  potaasium  ia^aaily  obtained 
by  adding  pure  Fruseian  blue  (fiJ-ric  ferrocyanide)  to  V^oiling  aqneoua  pota^  as  long 
■a  its  blue  colour  changes  to  brown,  then  tiltf^'ring,  luid  evaporating  the  liquid  to  the 
crystallising  poini  If  commercial  Pnissian  blue  is  used,  the  salt  obtained  will  probably 
be  contaminated  with  carbonate,  sulphate,  (Uid  other  salts  of  potassium,  and  withgrf^n 
fruttiatt  (fffotatk  (p.  235).  It  may  be  purified  by  picking  out  the  crystals  and  »- 
crystalliaing  them  several  times,  or,  according  to  Bencliua,  by  heating  the  salt,  fixyt 
gently  till  it  effloiescea,  afterwards  to  the  melting  point;  diasomog  it  in  watc-r.  which 
then  leaTca  charcoal  and  carbide  of  iron  nndissolred ;  adding  acetie  add  to  conri^rt  (Im 
carbonate  and  cyanide  of  potassium  in  the  solution  into  aofltttte^  precipitMring  tlie 
sulphuric  acid  present  with  solution  of  acetate  of  barium,  added  gEadnally  and  not  is 
excess :  then  mterisg,  erapontio^  Bteeipitating  tke  ferrac/iude  «f  potassium  by 
alcohol,  and  twice  recrystallislng  St  &om  Dot  water. 

2.  On  the  large  tccUc,  ferroeyanide  of  potassium  \t  pre^Mred  ly  addJag  animal 
matters,  such  as  horn,  feathers,  dried  blood,  Icatber-clinpinga,  &C.,  mixed  with  iron 
filings,  to  fused  carbonate  of  potassjiiB  (pearl-ash),  lixivirtting  the  ibsed  mare  with 
water,  then  filtering,  and  crystallising  by  eraporatnw.  The  ammal  matto-  coutuina 
nitrogen  and  carbon,  the  latter  in  larger  proportion  thn  is  reqwbvd  fe*  larm  <3'anogen 
with  the  nitrogien :  benco  when  these  substances  areftaed  with  carberniiteof  pVTassium, 
the  excess  of  «a.rbon  reduces  potassium  fixim  the  carbonate,  and  the  potassium  thus  set 
free  unites  with  the  cyanogen  formed  from  the  nitrogen  and  the  remainder  of  the  carbon, 
producing  cyanide  of  potassium,  which  is  converted  into  ferroeyanide  in  the  fsubeequent 
lixiTtalUB.    Ix  WM  fbrrat-i-ly  M]j>|fOjied  tiut  tUe  cyanide  of  potosaium  is  ooa verted  ioi* 
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fpiTOcyanidp  ilunng  tin?  fnsion,  by  the  action  nf  tho  iron  prw#nt  in  tho  fased  mtM,  &n3 
thut.  in  thp  liiiTJatioD,  the  ferrooyanide  i»  simply  dissolved  oat.  This,  howeYer,  ia 
impossible,  inasmach  as  the  feirocyanide  u  deeotuposed  at  the  temperature  to  whicJi 
tiie  mass  is  exposed,  into  cyanide  of  pot^issium,  carhide  of  iron,  aud  nitrocen  (p.  199). 
Moreover,  Liebig  has  shown  that  if  the  fused  mass,  tmon  after  oooliiig»  o«  luuTuiicd 
vith  tiqueoos  alcohol  (bmndy),  nothing  but  cyanido  of  potassivm  is  diasolTcd  otit,  and 
the  residual  mass  treated  w-jth  water  no  longer  yields  any  ferrooyanide.  The  foro- 
cyanido  obtained  when  the  fused  maaa  is  treated  with  water  in  the  nsoal  way,  do«  not 
exist  ready  formed  in  tlio  mass,  bat  is  produced  lay  the  mutual  uetion  of  the  cramde 
of  potassium  and  the  metallic  iron  existing  therein ;  moreover  the  pro<Iuct  is  consiaexttbly 
increased  by  adding,  during  tho  lixiTiatioa,  more  metallic  iron,  or  sulphide  of  iron,  or  a 
»Alnble  ferrons  salt  (p,  231).  This  view  haa  indeed  been  called  in  qnestion  by  Sungs 
( Poeg.  Ajin.  Ixvi,  96 )  nnd  others,  who  have  found  that  the  melted  mass,  whe^i  treated  with 
bnindy,  yields  but  little  cyanide  of  potassium,  but  afterwarda  yields  the  nsoal  quantity 
of  ferrocyanide  when  liziTiated  with  wat^er.  These  restdta  were  probably  due  to  the 
u»e  of  wcohol  of  too  great  strength,  which  dissolTes  cyanide  of  pntassitun  but  slowly, 
or  to  the  melted  tnass  haviog  been  left  for  some  time  in  cnntuct  with  the  air,  in  which 
case  the  highly  deliquescent  cyanide  of  potHssinm  would  absorb  water,  and  ferrocyanide 
would  be  gnidually  forfned.  Liehig'ii  view  has  been  ronfirraed  by  the  recent  erperi- 
nif*nts  of  NiiUner  and  R.  HoffVntinn.  wlio  find  that  when  the  fused  mass  is  left  to  cool 
alowly,  pure  cyanide  of  potassium  uft^n  separates  out  of  it.  Hoffmann  has  also  shown, 
tliut  when  pure  cyanide  of  potassium  mixed  with  iron  is  treated  with  acetic  acid  and 
iilfohol,  it  ia  completely  decomposed,  witliout  formation  of  ferrocyanide,  and  that  the 
fenwyanide  itself  is  not  decomposed  by  acetic  acid  and  alcohol ;  now  when  the  fused 
mass  obtained  in  the  manufacturinp  p(roo«fl8  is  polTerised  and  heuted  with  acetic  add 
Hiid  alcohol,  it  beh&res  like  a  nuxture  of  iron  and  cyanide  of  potasaiom,  and  the 
residue  treated  with  water  no  longer  yields  ferrocjuuide  of  potiiflsium. 

The  manufacture  of  ferrocyanide  of  potassium  (yellow  pmssiate)  consists  of  three 
stn^s:  a.  Tbejpreparation  of  the  melted  mass,  twhnicrtlly  called  "metal;"  6.  The 
lixiTJation;  e.  Toe  crystallisation. 

a.  The  "  metal "  is  prepared  by  melting  animnl  matters  with  pearlash,  genemlly 
with  addition  of  iron,  eometimes,  though  less  Bdrantugcou!:!}',  without  it  The  animal 
substances  used  are  bom,  woollen  rags,  dried  blootl,  carcases  rjf  auiujals,  hairs,  feathers 
leathar-cHppings,  old  dices,  &c. ;  they  are  sometimes  used  in  their  original  statr, 
sometimes  subjected  to  a  previous  dry  diBtillation,  the  ammonia  thereby  eTolved  being 
condensed  in  hydrochloric  or  sulphuric  acid,  and  thus  obtained  as  a  secondary  product, 
and  the  r^idnal  azotised  charcoal  used  for  the  preparation  of  the  cyanide.  Those 
inbstMDoefl  are  of  course  the  most  p!litril.'le  which  contain  the  largest  proportion  of 
nitrogen  1  in  this  respect  the  seTerat  kinds  of  animal  matter  differ  considerably,  as 
■hoiws  by  the  following  table  given  by  £annrodt 
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„         woollen  rags 

„  eh  eep-s  hearings. 

„  calves'  hair 

„  bristles      •        .        .         , 

„  feathera     .... 

„         hide-dippiogB   . 

„  old  shoes  ,         .         .         . 

„  charcoal  from  horn,  accord- 

ing to  the  heat  to  which 
itlios  been  subjected     . 

„         charcoal  from  rags    . 

According  to  Bousaingauit  and  Payen,  horn  contains  14-3,  air- dried  masenlar  flesh 
13'4,  and  woollen  rags  16'0  p.  c  nitrogen.  According  to  Nollner,  old  leather  often 
contains  not  more  than  1  to  2  p.  c  nitrogeo,  whareas  well  preaerred  leather  contains 
from  6  to  12  p.  c 

The  charcoal  obtained  by  the  carbonisation  of  animal  substances  contains  nitrogen, 
but  less  in  proportion  as  it  has  been  more  strongly  heattnl ;  »t  the  same  time.  how> 
ever,  the  quantity  of  charcoal  obtained  is  less.  100  p;irt»  of  rags  carboui'-ed  at  a 
certain  temperature,  yielded  75  pts.  charcoal  containing  12  p.  c.  nitrogen,  wiieri.>as  the 
same  mgs  charred  at  a  stronger  heat  yielded  2ff  pts.  charcoal  contAining  only  l'2o  to 
2  p.  c.  nitrogen.  It  is  important,  therefore,  not  to  heat  the  animid  substances  too 
strongly,  and  to  stop  the  distillation  at  such  a  point  that  the  yield  of  charcoal  shall  be 
from  60  to  70  p.  c 

It  ia  important  that  the  auuaal  Bubetancca  uaed  should  not  yield  much  ash,  as  this, 
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bwiMei  thickening  the  inii«,  will  d«ompo«e  a  portion  of  the  potMh,  coBTerting  it  into 
soluble  ■•Its  which  will  mix  with  the  feirocyanide :  the  animal  subBtanw*  should, 
thereferc,  be  well-cleaned,  e»p«dal]y  from  Band,  b*fore  calcination  (1  pL  of  land  will 
decompOM  2  pta.  of  peari-aah). 

The  potOMnum  for  the  pivparation  U  ropplied  in  the  form  of  carbonate  (pearl-ash). 
It  ta  not  necMsaty  to  use  perfectly  pure  carbonate  of  ^taaaium  ;  indeed  a  certain  pro- 
portion of  Bulpbute  18  mid  to  act  beneficially,  by  forming  sulphide  of  iron.  Accoroiog 
to  Bninnquell  and  Hoffmann,  however,  it  ia  alwayti  ii\jurioua,  fut  it  couveit*  tt  portion 
of  the  cyanide  of  potanium  into  sulpliide,  cyanate,  and  aulphocyanate. 

In  localitiM  where  potash  from  plant-aabea  ia  too  dear,  an  impure  carbonate  is 
■oniBtiines  prepared  from  the  Hulphate  by  ignition  with  coal  and  carbonate  of  lime,  just 
•8,  in  the  oroinary  method  of  soda-making.  The  sulphate  of  potassium  nsi<d  for  this 
pntpoee  may  be  obtainwl  from  the  mother-liquor  of  sea-water,  and  of  tlie  ashca  of  kelp 
and  rarecha.  (See  Potasb,)  Bramwell  uaea,  instead  of  carbonate  ol  potassium,  the 
sulphide  obtain e«l  by  igniting  sulphate  of  potassium  with  eharcoaL  It  is  taaed  with 
animal  matter  and  an  equiralent  quantity  of  iron,  which  is  thereby  oonverted  into 
sulphide. 

The  addition  of  iron  in  the  mplting  process  mipht  appear  at  first  sight  to  be  nn- 
Wtummj,  inasmuch  sa  the  cnnveoion  uf  the  cyanide  of  potaaaium  into  ferrocyanide 
takes  pl^  only  in  the  Uxiriation.  It  is,  however,  required  for  two  reasons :  first,  because 
the  Holphate  of  potassium,  which  is  almost  always  present,  is  converted,  by  ignition 
with  charcoal,  into  sulphide  and  bisulphide  of  potassium,  and  the  latter,  if  no  iron  is 
present,  conrerts  a  jmrtion  of  the  cyanide  of  potaaaium  into  sulphocyanate,  which  is 
not  converted  into  ferrocyanide  in  the  sabsequeot  lixiriation.  and  conset^oently  occa-> 
•ions  a  loss  of  cyanogen  ;  and,  secondly,  because  the  bisulphide  of  potaaaium  exerts  a 
very  rapid  corroding  action  on  the  iron  pot  in  which  the  materials  are  fosed.  Now, 
when  iron  is  added  in  the  form  of  Elings,  tuminga,  &c^  it  easily  decomposes  the  alkaline 
snlphideat,  thereby  preventing  the  formation  of  sulphocyanate  of  potassium,  and  is 
itself  conrerted  into  sulphide  of  iron,  which  is  easily  transformed  into  ferrocyanide  by 
the  action  of  the  aqueous  cynnide.  Tbe  iron  i»  u.-^ually  added  in  the  form  of  filings, 
turnings,  or  smithy  scales  (black  oxide),  sometimes  also  in  the  form  of  spathic  iron 
(native  ferrous  carbonate). 

For  calcining  the  mixture,  pear-shaped  iron  pots  were  originally,  and  are  still  fre- 
quently, used :  they  are  hutlt  i.ito  the  furnace  in  a  slanting  direction,  and  in  such  a 
manner  that  the  flame  can  play  all  round  them.  The  contents  ore  stirred  with  a  fiat 
iron  bar,  or  scoop,  introduced  through  an  aperture  iin  the  lid.* 

A  more  complete  arrangement,  now  adopted  in  the  laiger  English  works,  consists  of  a 
set  of  iron  melting  pots  of  nearly  hemispherical  shape,  set  in  brickwork,  and  each 
heated  by  s  separate  fire  and  circular  flue.  Tbe  pots  are  cloeed  by  iron  lids  harins 
apcrtares  for  introducing  the  animul  matters,  the  aperture  being  immediately  closed 
by  a  slide  after  each  adtiirion.  Through  the  lid  of  each  pot  there  passes  a  vertical 
spindle,  canying  n  set  of  Wades  or  ariiis  for  mixing  the  materials,  ana  Bet  in  motion 
by  a  driving  shaft  worked  by  steam  power.  The  pots  being  conipletdy  clo»e*l  during 
the  melting,  the  atmosphere  within  them  \n  maintained  in  a  deoxidising  condition,  and 
thai  the  f^^nnation  of  cyanates  is  preventcd.f 

As  iron  pots  heated  from  below  cannot  be  raised  to  the  high  temperature  which 
is  moat  fsTOumble  to  the  success  of  the  procftss  without  subjecting  them  to  very 
rapid  wear,  the  calcination  is  frvqnontly  performed,  especially  in  Germany,  in  a 
Tpverberatory  famace,  on  the  heauih  of  which  is  placed  a  cast-iron  pan  4  or  6  feet 
wide,  4  or  6  inche*«  deep,  and  sereral  inches  thick  on  the  sides  and  bottom.  The  in- 
terior dimensions  of  the  furnace  should  net  be  larger  than  is  necessurj'  for  convenient 
manipulation,  and  the  arch  should  be  xery  flat.  The  mass  in  the  pan  is  stirred  bv  a 
thick  iron  bar,  or  crook,  suspended  by  a  chain  and  passing  through  an  aperture'  in 
the  side  of  the  famace ;  witn  this  arrangement,  the  stirring  is  mnoi  more  Msilj  per^ 
formed  than  with  the  old-fashioned  pots.  The  furnaces  are  so  arranged  that  when 
the  potash  has  ones  been  bmught  iuto  the  fused  state,  the  doors  of  the  flre-place  may 
be  dosed,  and  no  fresh  firing  is  required  during  the  introduction  of  the  animal 
mattars :  this  preTenta  the  access  of  air  to  the  melting  nmss  which  would  oxidise  it, 
and  lead  to  ibe  formation  of  cyanate  of  potassium,  which  would  entail  loss  of  cyano> 
geo.  Ordinary  reverberatnry  furnaces  with  fire-brick  hearths  aumot  be  used  for  the 
fusion,  ber!auj«e  the  health  would  be  strongly  attacked  by  the  melting  potash,  and  a 
Laive  quantity  of  silicate  of  potassium  would  be  formed. 

The  Aiel  used  is  either  wood  or  coaL    When  the  proeeas  is  performed  in  a  rever- 

•  A  «fUT««»f  the  •rrmoftetncnt  U  gi»ni  In  tH*  new  editlofi  of  Vrr't  Diaionarg  itf  Art*,  MamHfactttre*, 
mwl  Vim^t.  'Kl.  «t.  I'.  ««». 

t  K"r  >  Affuro  tnA  tiill  drirrfpttnn  af  tlilt  tirrangrDMBt,  tee  Knapp't  CMemiaU  TecAnotrfX,  edited  b* 
HtchariixMl  jUld  Wsttt,  vol.  •.  F>art  t. 
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berKtory  furnace  the  fuel  ghould  be  very  dry ;  for  if  aqueous  rapoar  comes  in  onntsct 
•witb  the  heated  miua,  a  considerable  (|uantitj  of  the  eranide  will  be  decompoeecl, 
yieldiag  carbonate  of  potttsaium,  aminoiua,  carbonic  anii jdride,  and  free  hydrogen  *■ 

2CNK  +  5H*0  =  K*CO«  +  2NH»  +  CO*  +  H'. 

Quite  recently  the  nsp  of  gas-generators  with  a  bloat  of  air  hoa  b«en  introduced  into 
tlie  mannfactur?  of  fisrrocyanide  of  potassium ;  it  presents  many  ndrantugps,  in  par- 
ticular that  of  facilitating  the  regulation  of  the  temperature  and  the  admission  of 
oxygon,  80  aa  to  produce  at  pleasure  cither,  an  ordinary,  a  neutral,  or  a  reducing 
flame.  According  to  Hofl5iumti,  it  is  adrisablc,  at  the  beginning  of  the  process,  to 
bum  the  flame-gases  completely  by  the  admiaaiou  of  a.  auffident  quantity  of  oxygen, 
M  aa  to  produce  a  very  high  temperature,  which  materially  facilitates  and  expedites 
tbepfoeesa,  at  tlie  same  time  that  the  excem  of  carbon  in  the  animal  matters,  and  the 
MMnMUtible  gas  evolved  from  the  melting  maas.  prevents  the  oxygen  from  coming  in 
ooDtaetwith  the  metal,  and  thereby  conTcrting  the  cyanide  of  potossiara  into  cyanate. 

The  melting  process  is  conducted  as  follows.  The  pearl-ash  (2  to  5  cwt,  acconliug 
to  the  dimenaicina  of  the  fiiraacc),  or  a  mixture  of  1  pL  pearlash  and  2  to  i  pta.  bltu 
taft  or  hliie  potath  obtained  in  a  preceding  operation  (ti'rf.  inf  \  is  melted  in  the  ir 
ressel  (whieli  takes  about  two  hours),  and  heated  to  bright  redness,  so  that  the  mi 
may  not  bo  too  much  cooled  by  the  introduction  of  the  animal  matters.  These,  or  I 
equiralent  quantity  of  animal  coal  mixed  with  S  to  S  per  cent,  iron,  are  then  added  1 
Bnccesaire  porrions,  first  at  shorter,  uflerwards  at  longer  interrals.  For  every  100  pt 
of  pearlash,  from  lOO  to  120  parts  of  fresh  animal  substances  are  taken,  often  i 
mixture  of  sevorai  kinds  of  animal  matter  confsikniiig  different  proportions  of  nitrogi 
}iom  and  ra^^s  for  example.  Sometimea  a  smjiUer  qnuntity  of  uneharred  animal  mat] 
U  taken,  and  the  amount  made  ap  with  animal  coal ;  the  latter  is  seldom  used  altu 
Dach  addition  of  animal  matter  caases  a  violent  reaction  and  evolution  of  combaatib  __ 
gases,  vis.  carbonic  oxide  and  hydrocarbons,  together  with  water  and  carbonic  acid, 
«nd  the  masa  becomes  thickened,  less  by  the  admixture  of  solid  matter  than  by  the  fall  of 
tempcraturo  resulting  from  the  abundant  formation  of  gas;  active  stirring  must 
therefore  be  resorted  to,  in  order  to  mix  the  materiah<  well  together  and  accelerate  the 
decomposition.  After  a  while,  the  mass  gradually  becomes  hotter  and  more  fluid,  and 
carbonic  oxide  ia  evolved  in  consequence  of  the  reduction  of  potMBtum.  After  tliis 
reaction  has  gone  on  for  1|  bo  2  hours  more,  the  decomposition  ia  complete.  The 
pnaly  mass  is  then  ladled  out  into  small  otst  iron  dishes  of  about  2  inches  diameter, 
and  the  fkmacc  is  again  heated  and  filled  with  potash.  In  this  manner,  from  4  to  6 
melting  operations  may  be  performed  in  24  hours.  The  higher  the  temperuf  ure  of  the 
fiirnace,  up  to  a  certain  point,  the  more  quickly  does  the  reaction  taJie  place,  and  the 
more  abundant  generally  Rpeaking  is  the  protluct.  If  the  heat  is  too  low,  the 
redaction  of  the  potaasinm  does  not  teke  place  fuat  enough  ;  and  if  it  is  too  high,  the 

cyanide  and  other  potassium-salta  volatilise  and  condense  in  the  flues.     A  loss  of 

product  may  arise  from  the  decomjiosinp  action  of  aqneooa  vapotir  evolved  from  th^^H 
unimrd   matters:  hence,    according   to  llabich,  it  is  best  to  dry  these   substano4^^| 
previously  by  mcana  of  over-heaU'd  Bteain,  continuing  the  action  till  a  alight  evolatlofi 
of  ammonia  beg^as,  and  substances  like  horn  and  ruga  are  rendered  finable. 

b.  Lixiviaticn. — ^Themete/,  which  in  a  well  eonducti-d  process,  should  yield  about  16 
per  cent,  of  ferrocyanide,  ia  broken  into  lumps  when  cold,  und  thrown  into  large  iron 

Cs  filled  with  cold  water,  mixed  with  the  weak  lyes  of  former  operjtion*.  The 
^  lid  is  then  heated  to  80^  or  90^  C.  (176"  to  194^'  F.),and  constAntly  stirred  to  dissolve 
\\\f  metal  as  quickly  as  possible,  because  a  portion  of  the  cyanide  of  potaasium  ia  decom- 
posed during  the  hxiviation  into  ammonia  and  formate  of  potassium  (p.  198),  and  tlie 
amount  thus  lost  increases  as  the  operation  ia  protracted.  According  to  Bnumquell, 
the  metal  slionld  be  macerated  for  24  hoara  in  water  of  SO"  to  %*fi  C.  (122°  to  140°  Y.\ 
and  then  l»nili>d,  in  which  cajse  no  decompoHition  takes  place.  According  to  Uoffmaiiii, 
the  ammonia  evolved  is  not  actually  formed  during  the  lixiviation  but  is  previously 
enclosed  witliin  the  pores  of  the  metal,  and,  diaaolving  in  the  cold  water,  u  evolved 
whrn  the  liquid  is  Ixeuted. 

As  soon  aa  the  lye  htis  attained  a  density  of  ri6  to  1*22  {20°  to  26'^  Baam^),  it  ia 
left  to  clarify  without  farther  heating;  the  clear  solution  is  decanttnl  from  the  inso- 
luble re«iilufl,  and  transferred  to  the  evajKirating  pans,  which  are  usmdly  heated  by 
the  waste  heat  of  the  melting  furnaces.  It  is  thm  brought  to  a  density  of  1"27 
(32°  Eaum^).  and  run  off  into  the  cryatalliaing  vessels,  where  it  deposits  a  crud# 
■alt,  coutaining,  according  to  HoirDann,  about  ^  of  pure  ferrocyanide  of  potasdam. 

c.  Cr^staiiuiUhn, — The  crude  salt  obttiined  as  above  mentioned  ia  dissolved  ia 
wann  water,  so  as  tx>  form  a  solution  of  specific  grnvity  1-27  (32'^  Baumi),  and  this 
solution,  after  clarification,  is  trruisfcrred  to  the  crystallising  vessels.  These  ar« 
Bouiciimes  made  of  wood,  but  the  salt  crystallised  in  saeh  veaseln  generally  Las  a  gften 
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tolvw  uiiiiig  from  »  dccom  position,  produced,  aeoording  to  Qentel^,  bj  the  tannia  of 
Uie  wood.  On  thii  aocoont,  cast-iron  crjrstalliscTs  arc  more  generally  preferred.  Th<t 
liquor  b  Idt  to  eiTstaltiar  slowly,  the  crjrvtalliMition  often  going  on  for  w^eks  in 
Uuige  TMids ;  the  mother-liqaor  i-i  drawn  off,  and  if  not  too  impure,  is  osed  to  diwolre 
frr»h  qvantitiea  of  crud(>  aalt ;  aftor  being  oaed  two  or  three  times  for  this  purpose,  it 
tMvt»  for  the  preparation  of  Uue-talt 

Th^  fcrrocynnidc  is  depositinl  in  crusts  in  the  crTstalliaias  resseb ;  bat  by  soflpendiog 
hinips  of  the  solid  salt  in  the  solution  by  threads,  it  may  be  obtained  in  long  bunches 
of  crystals  {KryataUtraubm),  and  by  sospcnding  these  in  fresh  lyes,  they  may  be 
obtained  of  great  size.  The  salt  thus  obtained  may  be  further  purified  by  reeryatol* 
lisation;  100  pts.  of  crude  udt  yield  about  90  pta.,  or  if  pure  materials  hare  been  used, 
97 jpts.  of  pure  ferrocyanide  of  potassium. 

The  green  talt  above  mentioned  may  be  purified  by  recrystaUisution,  with  addition 
of  a  small  quantity  of  an  oxidising  agent,  such  u  arsenioos  acid,  or  better,  of  ferriiTanida 
of  potassium  (red  prussiate).  According  to  Hoffmann,  the  green  coloaring  sometimes 
arises  from  the  pr<>sence  of  sulphide  of  iron  and  potassium. 

Commercial  yellow  prussiate  ofttm  contains  sulphate  of  potassium,  which  indeed 
may  be  preseat  in  considerable  quantity  without  altering  the  appearance  of  the  salt. 
This  impurity  is  not  casQT  rerooTed  by  recrystallisation.  The  best  mode  of  purification 
Is  to  decompose  the  sulphate  with  chlori<ie  or  acetate  of  bariam,  separate  the  result- 
ing chloride  or  acetate  of  potassium  by  repeatedly  crystnlllsing  the  filtered  solution, 
or  by  precipitating  it  with  alcohol,  then  wash  the  precipitate  with  alcohol,  and  reory<«* 
tallise  from  water.  On  the  largo  scaJe.  the  sulphate  may  be  completely  separated  by 
eraporating  the  solutioo  to  specific  gravity  1*31  (36^  Bm.),  whereupon  the  greater 
part  of  the  sulphate  crystallises  out,  then  drawing  off  the  clear  Uqnor,  diluting  it  to 
specific  gravity  1'26  (30°  £m.),  and  leaving  it  to  cool :  it  then  dejMMits  pure  ferro 
cyanide  of  potassium.  A  further  portion  nuiv  be  obtained  in  like  manner  from  the 
mother-liquors.  For  technical  use,  however,  the  sulphate  of  potassium  ia  not  directly 
injurious,  but  merely  objectionable  in  so  far  as  its  presence  diminLshea  the  proportioa 
of  ferrocyanide. 

TrttUmtnt  of  the  restifwrs.— The  mother-liquor  of  the  crude  salt  coacentnted  to  a 
density  of  1  33  to  1-38  (30"*  to  40*  Bm.)  deposits,  on  «tanding.  nearly  all  the  remaining 
ferrocyanide  in  the  form  of  it  fine-grained  powder.  The  last  mother-liquor  contains  a 
OoosideTuble  quantity  of  carbonate  of  potassium,  together  with  hydrate,  chloride,  sol- 
phocyanate  and  silicate  of  potasaium.  When  concentimted  to  a  specific  grarity  of  I  '46 
(45  Bm.),  it  deposits  the  greater  part  of  the  silicate,  chloride,  &c,  of  potassium,  and 
the  mothor-Hquor  still  remaining,  which  contains  the  greater  port  of  the  carbonate,  is 
evaporated  to  dryness  and  calciuod  in  roverberatory  furnaces  provided  with  iron  pans 
like  the  melting  fumacea.  The  dry  residue,  called  blue-salt,  or  blue-potash 
{Bitttuals,  or  Blaukaii\  which  contains  from  70  to  80  per  cent,  of  carbonate  of  potassium. 
is  used,  instead  of  potashes,  or  mixed  with  it,  in  subsequent  melting  operationa 

According  to  analyses  by  Srunnquell  (I),  and  Hofl^ami  (2,  8»  4  and  6),  alightly 
calcined  blue  salt  oonlaina  in  100  pts. : 

1.  2.  S.  4.  6. 

Gutoiate  of  potassium  .        .        .  71*9        71'0        82-4        751        441 

Silicate 11-9  95  76  88        228 

Sulphide 4-3  1+  3-8  83  87 

Chloride,  sulphocyanate,  phosphate  and (     - .<)         \i.i\  1.^         i n . i  \ 

sulphate  J  potissium  .         .        \     ^^         ^^ "  '  ^         "  *  I       ,-.- 

Insoluble  matter 1-6  [ 

Water  and  loss 2*1  J 

Analysis  1  is  fitm  a  melting  with  crude  potash  of  75  per  cent. ;  3  is  blue  salt  from 
a  melting  conducted  in  the  ordinary  way  with  pearl-a^ih  ;  3,  with  pearl-a»h  of  belter 
qtuditj ;  4,  from  a  melting  made  with  blue  salt ;  6.  with  impure  potash.  The  lafct  three 
analyeea  ahow  clearly  the  rapid  increaae  of  the  impurity  of  the  blue-salt  when  impure 
matarials  ate  used,  and  tho  necesaity  of  purifying  it ;  since,  when  the  proportion  of 
siliea  inereasea,  part  of  the  potash  is  rendered  insoluble  and  remains  in  the  deposit, 
being  thus  lost  to  the  process. 

The  ifuoluhl*  rtsidue  or  drposit  which  remains  in  the  lixiviatioii  of  the  metal,  varies 
in  quantity  and  composition  according  to  the  nature  and  proportions  of  the  animal 
matters  and  the  alkali  used  in  the  preparation ;  it  also  contains  matter  carriixl  over  from 
the  fuel.  Kannrodt  obtained  frT>m  100  pts.  of  m(t4ii  tho  following  quantities  of  aah, 
each  being  the  mean  of  10  anaiyaea: 

By  the  qae  of        .        .  Ri^a        Horn         Hutr    Leather    Chareoal  (bad) 
iDsoluble  salt       .        .   28  3  18  23  0        361  387 
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Th«  compoflition  of  three  aamplea  of  insoluble  residue  is  iliown  in  the  followifig 
table: 

Potaah  (K*0) 12-2  167  10-2 

Lime 16'2  18-4  19-6 

Hagnesia 21  1-3  10 

Alumina 48  102  14-2 

Iron,  with  Beaqniioiide       .....  161  2!  8-1 

Mitngaoese        .......     O-t  006  0*7 

Copper      .        , trace  0*4  0-02 

Silica 21-1  297  26-4 

Sulpburie  aeid  (SO*^ »     1-2  0  2  18 

Phoaphoric  acid  (P'0») 10'4  6-4  49 

Charcoal 61  42  92 

Sulphur,,  chlorine,  CTanogen,  and  loss         .        .     9*4  10-34  8*88 

100-0       10000     10000 

The  foUovring  analyses  of  insoluble  residues  from  the  pmssiate  of  potash  mana£ao- 
tore,  are  by  Dr.  Richardson  of  Newcastle. 

FrMh  OM 

reiidiia.  rMidue* 
Sulphate  of  potsssinm  with  traces  of  sulphate  of^ 

calcium,  and  of  the  chlorides  of  aodium  and>-       SOS  3*81 

magnesium.         ......) 

Phosphatesof  calcium,  magnesium,  luid  iron  .        ,     1874  6'24 

Sesquioxide  of  iron 13-34  19-68 

Lime  and  Magnesia ,       6*08  7-23 

Sand  and  Silica 23-97  29-24 

Charcoal  and  Moisture 34-81  34'60 

100  00  100100 

The  sample  of  old  refuse  was  taken  from  a  heap  near  the  manufactory,  which  had 
lain  exposed  for  a  long  time  to  the  weather. 

Hofl&nann  found  in  100  pts-  of  dried  residue  which  had  been  thoroughly  lixiviated  1 
with  cold  water,  from  20  to  30  pts.  of  silica  in  combination  with  alkali,  which,  if  calcu-  j 
lated  as  carbonate  of  potoaaium,  amounted  to  between  20  and  30  pts.  A  conaiderabla  I 
quantity  of  this  alkaU  appears  to  be  soda,  and  ss  the  whole  of  the  soda  contained  ic  ' 
the  pearl-ash  posses  into  this  insoluble  residue,  Hoflftaann  suggests  that  a  quantity 
of  soda  equiTulent  to  the  potash  found  in  the  residue  might  h«  added  in  the  melting 
without  diminishing  the  amount  of  ferrocyanide  of  potassiumi  obtained. 

The  large  amount  of  potash  in  the  insoluble  residue,  together  with  the  phosphorio 
acid  and  the  decomposiljle  silicates,  renders  it  well  adapted  for  the  preparation  ol 
artiSciai  manures.  It  may  also  be  used  for  the  manufacture  of  alum  by  moistening  j 
and  heating  it  with  strong  sulphuric  acid,  and  adding  sulphate  of  alumina  Or.  ' 
again,  the  alkali  may  be  extract <«d  from  it  as  carbonate  by  igniting  it  with  an  equal 
weight  of  carbonate  of  lime  and  liiiTiating  (Karmrodt);  according  to  Hoffmann, 
however,  this  treatment  does  not  extract  firom  the  residue  a  larger  amount  of  alkaline 
carbonate  than  simple  calcination  and  lixiviation,  or  boiling  with  milk  of  lime,  by 
which  he  finds  that  two-thirds  of  the  whole  amount  of  potash  may  be  extracted. 
HofFinann  is  of  opinion  that  the  whole  of  the  potash  might  be  thus  extracted,  from  the 
rwiiduea  in  the  soluble  form,  if  they  could  first  be  freed  from  silica.  Whether  it  is 
more  profitable  to  extract  the  potash  from  these  residues  and  use  it  in  subsequent 
oprations,  or  to  apply  the  residues  to  the  [H«paration  of  mauore,  must  depend  on  local 
circumstancea. 

The  manufBCture  of  ferrocyanide  of  potassium  is  still  tctt  imperfect  in  an  economical 
point  of  Tiow.  Besides  the  loss  of  potash  in  the  insoluble  residue,  there  is  a  Tery 
large  loss  of  nitrogen,  first,  because  the  p-eater  portion  of  that  clement  contained  it 
the  animal  matter  used  is  not  converted  into  cyanogen  at  all,  and  secondly,  because 
part  of  the  cyanide  of  potassium  in  the  metal  is  lost  by  decomposition,  and  another 
portion  remains  in  the  mothei^liquor,  so  that  out  of  100  parts  of  ferrocjjfanide,  which 
ought  to  be  obtained  frum  the  metal,  about  ^  is  lost  when  pure  materials  are  used, 
and  about  }  when  the  materials  are  impure. 

During  the  year  1847,  a  series  of  experiments  was  undertaken  by  Messrs.  Lee  and 
BiehardBon*  to  ascertain  how  far  it  was  {wssible  to  prevent  the  loss  of  nitrogen  in 
the  present  mode  of  manufacturing  prussiate  of  potash. 

The  experiments  were  on  a  large  laboratory  scale,  and  the  fusions  were  conducted  in 

■  CommuQluted  bjr  Dr.  EkbJirdMffl. 
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ean'liarrvli.  BeyenI  prcUmiiuuy  experimento  vcre  made  with  the  ordinarT  miztara 
in  the  iMul  m4»thod,  to  coablit  the  authors  to  aoquire  a  faipiliarity  with  the  nature 
aod  chazueter  of  the  operations. 

In  the  anbaequent  experimeata  the  same  mixtore  of  materials  was  alwaya  employed. 

Pure  horn,  carefoll;  and  finely  rasped,  was  mixed  witJi  pare  potashes  and  dean  iron 
fllioga.  A  small  quantity  of  water  was  aidded  to  assist  in  making  an  intimate  mixture, 
whidi  was  carefully  and  thoroughly  dried  and  then  reduced  to  a  fine  powder.  This 
miztore  was  oompotied  of: 


Horn le-M 

Potaahes 17-72 

Iron 300 

Moisture 328  —  40  ot. 


■  The  potash-charcoal  was  made  by  soaking  13  oz.  of  wood-charcoal  with  a  solntion  of 

'        4  OS.  of  potashes,  and  then  earefdlly  dried. 

The  gun-band  was  partially  ftUcd  with  the  first  mixture  and  exposed  to  a  red  heat 
in  a  distinct  ftimaee.  In  the  flrst  and  second  series  of  experiments,  the  gases  geoe> 
rated  in  the  retort  were  passed  through  the  potash-charcoAl,  which  was  kept  at  a  r«d 
heat  in  another  iron  tube  in  connection  with  the  retort-ttibe.     In  the  third  series  of 

»  experiments,  the  gases  were  nassed  thro«|:h  hydrochloric  acid.  In  the  fourth  eeries, 
the  gases  wero  psMcd  throngh  the  red-hot  potash-charcoal,  and  afterwards  successively 
through  hydrodiloric  acid  and  a  solution  of  potaah.  lu  the  last  series,  the  gasM 
eaeapuig  were  collected  and  analysed. 

In  eaeh  ease  the  prussiate  was  carefully  extracted  and  crystallised.  The  ammonia 
was  estimated  in  the  usual  manner,  and  in  the  tabukted  results  which  follow,  the 
equivalent  of  this  ammonia  is  calculated  in  cryirtalliHed  prussiate  of  potash. 

The  theoretical  yield  of  prussiate  was  382-50  and  the  actual  quantities  obtained  and 
ealculated  were  as  follows,  from  the 

1.  2.  8.  4. 

Retort 101-97         135-46  146-98  141  08 

Tube 68-25  63-54  .     .  71-00 

Add 140-24  68"80 

Potash .    .  .     .  2-76 

Total 170^22  m'ftO  287-r7  273^ 

Loss 212-28  183-60  96-33  108-87 

382-dO'  882  50  38  2  •50  382  60 

Produce  per  cent  ,        .        .    445  62-2  '  75-1  7l'5 

The  pn?  evolved  ftom  the  fourth  experiment  was  ooUocted  aftd  all  the  air  had  been 
expelled  from  the  apparatus,  and  consisted  of: 

Hydrogen 4600 

Carburet  ted  hydrogen 14  66 

Carbonic  oxide   ..••••«.  25-34 

Nitrogen    ••.......  1400 

10000 

Hence  It  appears  that  a  eonsiderable  portion  of  the  nitrogen  of  the  oi^nic  matter  is 
lost  in  a  form  which  cannot  be  recovered  in  any  shape  available  for  manufacture  of 
a  cnmmi'rejal  article. 

From  experiments  on  the  proportion  of  the  nitrficen  of  animal  matter  which  is 
actually  rendered  available  in  the  productioa  of  yeMow  prussiate,  Karmiodt  has 
obtained  the  results  given  in  the  following  table : 

Woollen  rags 1/6 

Horn IjS 

Leather-cuttiiigs 1/3 

Cow-hair .  1/7 

Hon-charcoel  (60  pts.  charcoal  from  100  pt».  horn)  .        .4/7 
Bag-diarooal  (75  pts.  charcoal  from  100  pts.  rags)      .        .1/3 

From  the  analysJa  of  well-fused  "metal"  from  a  &ctoT7  of  yeUow  pru8«ial<% 
Karmrodt  obtained  the  following  results : 
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^^^^^^^"  Into  Cyanogen, 

Dried  blood  1/6 

Leather-Kmttbgs 1/ff 

Horn 1/8 

WooUenragB 1/9 

The  gre&ter  part  of  the  nitrogen  thna  lost  to  the  proeea*  goes  off  in  the  form  < 
Binmoiiiacal  s*lt« ;  the  quantity  of  theae  Balta  inctreaBing  aa  the  temperature  of  the  mai 
becomes  lower:  hence  a  too  rapid  &dditioQ  of  the  animal  matters  dimiaishea  thai 

auantity  of  cjanido  obl^ned  ;  on  the  other  hand,  the  product  is  increaMd  bj  keeping^ 
le  meltJt>d  mass  vX  a  very  high  tempera-tore, 

Numeroufl  attemptfl  have  been  made  to  render  available  the  ammonia  giTen  off  in  the 
'process.  With  this  yiew  the  animal  aubstancea  were  formerlj  eubjected  to  dry  dia- 
tillation,  ia  the  first  ioatoace,  to  obtain  ammoniiicd[  salta,  and  only  the  residuaLi 
aaotised  charcoal  was  used  for  the  preparation  of  yellow  prussiate.  Now,  howeTer^l 
that  ammoniacul  »e\\B  can  be  obtained  bo  cheaply  from  other  sources,  as  from  the  am- 1 
rooniacal  liquor  of  the  gas-works,  in  England,  and  from  sewage  water  in  Fans,  thitj 
mode  of  atmug  the  nitrogen  can  aearcelj  be  made  to  pay  ;  anfl,  according  to  the  general-] 
experience  of  manufacturers,  the  amount  of  cyanide  obtained  is  not  so  great  when  th«l 
animal  matters  h&re  been  previously  distilled,  aa  when  they  are  used  in  their  original  , 
state. 

Another  mode  of  utilising  the  ammonia  erolred  in  the  process,  ia  to  paaa  it  orer  aa 
ignited  mixture  of  charcoal  or  coke  and  potaah,  and  thus  convert  it  into  ey&nogeitj 
(see  page  198).     There  can  be  no  doubt  of  the  possibility  of  producing  cyanogen  ial 
this  manner,  and  sevcml  patents  have  been  taken  out  for  performing  it  on  the  larj 
acale*  but  it  does  not  appear  that  any  of  them  have  yet  been   profitably  worker 
Bmnnquell  auggeata  to  pass  the  gaaea  evolved  by  the  di^'  dbtULition  of  animal  uub-l 
stjincea  through  a  red-hot  tulw  of  fire-clay  fiUed  witJj  lumps  of  charcoul  about  the  si2«l 
of  a  nut,  in  order  to  convert  the  ammonia  into  cyanide  of  ummouium,  pass  the  vapowf 
of  this  salt,  together  with  undecompos«d  carbonate  of  ammonium,  into  a  raotlerntvlj 
dilute  solution  of  protosulphate  of  iron, — and  boil  the  resulting  prt'cipiuite,  containing 
protoeyanide  of  iron,  with  oirbonate  of  potassium^  to  convert  it  into  yellow  prussiate. 
This  process  would  certiinly  have  the  advantage  of  avoitling  the  contamination  of  the 
product  with  silica  and  tha  ash  of  the  animal  substances. 

Another  source  of  loss  in  the  ordinary  process  ia  that  a  certain  portion  (Srom  ^ 
to  •^'S  of  the  cyanide  of  potasaiura  in  the  crude  lye  obtained  by  lixiviating  the  meta  . 
ia  not  converted  into  ferrocynniilf^,  even  by  prolonged  diKcstioQ  with  sulphide  or  oxidvl 
of  iron.  The  best  mode  of  proceeding,  acc<mling  to  Hoffmann,  is  to  draw  off  the  firs(i 
liquor  into  a  large  cist^^m  containing  a  eonsidorable  quantity  of  carbonate  of  iron  :  th#] 
cyanide  of  potassium  will  then  be  completely  converted  into  ferrooyanide  in  the  ( 
of  twenty-four  hours. 

If  the  metal  contains  much  sulphur  and  not  enough  iron  to  take  up  the  whole  of  il^ 
a  portion  of  the  cyanide  of  potassium  will  be  converted  into  sulphocyunate  during  th* 
lixiviation  of  the  metal  with  warm  water.  Hoffmann  finds  that  the  sulphocyanate  ii 
easily  desulphurised  by  metallic  iron  on  the  small  scale,  bnt  not  in  the  manufactaring 
pro<^esfl.  Siailf-oiide  of  iron  added  to  the  mi'tfll  at  the  end  of  the  melting  process,  easily 
di-cnmiK)SPB  the  sulphocyanate,  but  forms  cyannte  of  potassium  instead  of  cyanide. 
Habich  de-sulphurises  the  solution  with  native  carbonate  of  iron,  previously  freed  from 
the  curbonates  of  lime  and  magnesia  by  digestion  with  sraquicMoride  of  iron.  The 
complete  conversion  of  the  sidphocyanate  into  cyanide,  would  increuse  the  quantity  of 
yellow  prussiate  obtained  from  a  given  quantity  of  raw  material  from  100  to  116  pts. 

Aa  animal  matters  are  very  valuable  for  the  preparation  of  mannrea,  varioua  att«mn 
have  been  made  to  obtain  the  nitrogen  required  for  the  production  of  fcrrocyaniai 
from  other  and  cheaper  »uurces,  especially  from  the  air.  That  cyanides  can  be  forme 
by  passing  utmosf.iheric  nitrogen  over  carbon  impregnated  with  pota-iih,  has  been  sati»« 
factorily  proved  by  atveral  experiment*,  especially  oy  those  of  Fownea  and  of  Bunsen 
(p.  198) ;  and  it  has  also  been  found  possible  to  carry  out  this  mode  of  formation  on 
the  manufacturing  scale,  Possoz  and  Boissierre  first  established  a  manufactory  for  tliis 
purpose  at  Qrenelle  near  Paris^  in  1845,  but  afterwards  transferred  their  operations  to 
Newc-urtle,  where  fuel  could  be  obtained  at  a  much  smaller  cost  Their  process,  im- 
proved by  Jlr.  Bramwell  of  Newcastle,  consisted  in  passing  a  current  of  air  over 
charcoal  pcwder  saturated  with  carbonat*  of  potas-sium,  and  heflted  to  whiteness  for 
ten  hours  ia  wide  earthen  cylinders  placed  in  on  upright  position. f    The  charooal  ^ 

*  For  a  drtcriptioQ  of  Berrj'i  proce«i  (pa(«Dled)  tee  Vri^i  Dictionary  <tf  ArU.  Manitfachtra,  ami 
Mfnt*.  »o1.  ill. 

t  For  M  <l»^rrlpHon  nmi  flrawlnft  of  tli^  jipruimtiii,  trv  Zonrfiw  Journal  of  Arti,  IM*.  p.  V*i)  i  Rfjtr- 
tmy  ^Foleut  Invcniiont,  l*H7,  y.  aWJ;  »i*o  Graham'*  EUmtut*  oj  Chcmittry,  'iiid  ed.  »ul.  1.  p.  »ST. 
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Fig.  362. 


ftft«rwards  mizMl  with  pulTerued  natire  carbonate  of  iron  and  lixiTiated.  Tbe  factory 
was  in  opcratba  for  two  ymn.  during  which  it  produced  IQOO  icilogrammefl  (uV>oul  a 
loo)  of  yellow  praasiate  dailif.  It  wus,  bowerer,  not  found  to  work  pro&tullx,  and 
wa«  ultimately  abandoned,  chiefly,  it  appears,  on  account  of  the  Urg«  expenditure  of 
foeJ,  and  beeaoae  the  cylindera,  whether  of  fire-clay  or  iron,  wen)  ttoablo  to  withstand 
the  intenaa  beat  to  wbinh  they  were  expoeed. 

Mr.  Spencer,  of  the  Conunercial  Road,  London,  patented  a  process  in  18.17,  for 
making  osa  of  the  woate  lime  and  lime-liquor  of  gua-works  for  the  proparution  of 
yellow  pmasiate  and  pnusian  blue.  Thia  gaa-lime  certainly  eootaiua  cyaaidee,  bat 
the  proportion  appears  to  be  too  small  to  yield  a  profitable  retnlt. 

The  alteration  which  appeara  to  pre««nt  the  greatest  hope  of  improreinent  in  the 
Biann^ariure  of  ferrocyuniaea  is  the  sabstitutton  of  baiyta  for  ptotush.  MaxguerittQ 
•nd  Do  SourdeTal  hare  shown  that  cyanide  of  barium  is  eaidly  formed  by  pSMsing  a 
cnrreDt  of  air  over  an  intimate  mixture  of  charcoal  aod  bvyta  at  a  bright  red  heat. 
The  bazyta,  not  being  fusible,  forms  with  the  charcoal  a  porous  maas  which  the  nitrogen 
can  fasiiy  penetrate,  and  tJiua  an  inuneoao  number  of  polnta  of  contact  between  the 
carbon  aod  nitrogen  are  at  once  obtained,  whereaa  carbonate  of  potaaaium  fuses,  and 
the  nitrogen  can  act  only  on  its  surface.  EquaUy  faTOurable  rerulta  are  aaid  to  hare 
baen  obtained  by  pna*ting  the  ammomacal  rapours  obtained  by  the  distiUatioa  of 
animal  aubataneea  over  a  mixture  of  charcoal  and  baryta. 

Another  process.  rpic<'ntly  introduced  bjrGM  is  (IWp.  Chim.  app.  1862,  p.  370)i  consists 
in  forming  sulphocyanate  of  potassium  oy  distilliiig  a  mixture  of  disalphide  of  carbon 
and  aulphydrate  of  ammonium  with  sulphide  of  potaaaium,  and  converting  the  sulpho- 
cyaiuite  into  yellow  pnisaiate  by  hfidting  it  to  dull  xvdneee  with  metallic  iron.     (See 

SVU^OCT  ANATBS. ) 

Proprtties  qf  Fcrroctfanide  of  Pota*9ium. — The  pure  salt  crystalliaea  with  3  at 
vmtar,  K*YtGj*  +  3H'0,  in  truncated  pyramids  belonging  to  the  dimetric  or  quadratic 
aystem.  Ordinary  form  P  .  oP  (like  j^.  862X  aometimea 
also  with  Poo  and  wPao.  The  crystals  are  often  re- 
duced to  the  tabiil&r  form  by  ^redomiiiunce  of  the 
face  oP.  Length  of  princip^al  axis  =1  1*768.  Inclina- 
tion of  P  :  P  in  the  terminal  edges  =  97°  66' ;  in  the 
lateral  edges  =  136°  24'.  They  are  generally  lemon- 
yoltow,  turbid,  or  translucent,  sometimes  amber-yetlow, 
or  orange-yellow  and  quit*  transparent;  transparent 
cryatala  appear  to  he  formed  especially  by  the  cooling  of 
huge  masMs  of  the  aoluticnu  The  crystalliaed  salt  baa 
a  specific  gravity  of  1*83.  It  is  p^^nnanenf  in  (be  air  at 
onunaiy  temperaturea.  The  water  of  ccystaUisatioQ 
beginc  to  escape  at  60°  C.  ( 140°  F.),  but  is  nut  gtrt^n  off 
completely  eren  at  100°  C.  unless  the  salt  is  reduced  to  powder  and  stirred  for  some 
time  in  c<:*ntact  with  the  air.  The  anhydrous  salt  is  a  white  powder.  The  rryetab  contain 
exactly  so  much  water  (12'77  per  cent,  •=  3  at.)  that  they  mev  be  repm^-d  sih  auhoiln^vt 
hvdrocyanaU  qf  fyrrou*  ondt  and  pottuk  (K^PeCy^  -i-  3U«0  ^  2KK>.Fe0.aHCy). 
Ferrocyanida  of  potJuu>ium  in  inodorous,  has  a  sweetiah,  saline,  rather  bitter  taste,  a 
neutral  reaction,  and  is  not  poisonons. 

The  crystallised  salt  tlisaolTfa  in  2  pts.  boiling  and  4  pta  cold  tcatcr,  forming  n  palo 
yellow  eolotion.  According  to  Michel  and  Kraft  (Add.  Ch.  Phya.  [3]  xli.  471),  a 
litjv  of  the  solution  saturated  nt  15°0.  (which  has  aspecitic  gravity  of  1*144)  contains 
2^8-77  grms.  salt,  and  8Sd'34  grma.  water.  The  salt  u  insoluble  in  alcohol,  and  is  pre- 
cipitated by  alcohol  from  ita  aqueous  solution  in  yellowish-white  pearly  scales. 

Dtoonipcintions. — 1.  Ferrooyanidc  of  potaaainm  heatrd  in  a  etote  vettfl  melts  at  little 
ab<jve  a  red  heat,  giring  off  nitrogen  and  leaving  a  mixture  of  cyanide  of  potassium 
and  carbide  of  iron.  If,  howcTcr,  it  contain*  moistore,  it  likewise  oTolrcs  carbonic  aci<l, 
ammonia,  and  prussic  acid.  When  the  salt  ia  heatod  with  a  sufficient  quantity  of 
kffdratt  or  earbonaU  cf  putastium,  no  nitrog^  ii  evolved,  but  the  residue  contains  the 
whole  of  the  cyanogen  in  the  form  of  cyanide  and  cyanatc  of  potassioni,  mixed  with 
metallic  iron,  whicSi  sinks  to  the  bottom  of  the  melted  mass.  On  this  reaction  is 
founded  the  preparation  of  the  impure  sjilt  called  "Liebig's  cyanide  of  potassium,'* 
which  is  larsdy  employed  for  gahranie  gilding. 

2.  Both  the  ayitala  and  the  aolution  decompoae  slowly  when  exposed  to  Ught, 
giving  off  hydrocyanic  acid,  depositing  ferric  oxide  or  prussiun  blue,  and  acquiring  an 
alkaline  reaction.  The  solntion  is  also  slowly  decomposed  by  boding  in  an  open  vessel, 
ammonia  being  given  off  and  the  liquid  becoming  alkaline. 

a.  Oxygen,  in  its  ordinarj- state,  does  not  alter  ferroeyanide  of  potaminm  at  ordinary 
temp«*ratufcs ;  but  in  an  atmoppbere  containing  osonr,  as  for  example  in  a  Iwftle  con- 
taiuuig  moiat  phosphorus,  tho  eult  is  gradually  converted,  (rom  without  inwarda,  into 


240 


CYANIDES  OF    IRON. 


forricyiinide  (red  pnuiriat«),  Tbe  aam«  transfoiTDation  takes  place  when  &  solution  of 
the  Bttlt  b  subjected  to  tha  action  of  the  electric  t-urrenl,  ferricyaoide  of  potaasium 
being  fornied  at  the  positive  polo,  while  hydrogen  aud  putanh  are  uliminated  at  the 
negative  pole. 

4.  The  salt  heattd  to  redness  in  contact  with  tht  air  is  converte^l  into  cyanate  of 
potassium ;  also  'vrheii  iguitod  with  reducible  metallic  oxides,  such  aa  the  oxides  of 
Ie6<d  and  iron,  peroxide  of  miingnDeso,  &c.  In  fact,  fiuied  ferrocyunide  of  pobisiiiuni 
reacts  with  oxidea  and  sulphides  juat  like  the  cyiinide,  ioaisniucli  as  it  ia  conrcrted 
iato  cyanide  by  fusion. 

5.  The  nqneous  solution  is  conTert«d  by  finely  divided  peroxide  qf  lead  into  ferri* 
cyanide  of  pot&ssiunij  slowly  in  the  cold,  more  quickly  whan  heated,  completely  in  a 

libw  hours  at  the  boiling  hout :  the  other  producta  of  the  reaction  are  cnrboaato  of 

Ktassiuni  and  basic  carb<>Q:ite  of  lead.  The  same  transformation  is  produced,  though 
IS  oaaily,  by  flniily  divided  peroxide  of  manganett ,  on  the  addition  of  a  dilute  acid,  it 
takes  place  quickly.  PermtmcicaiaU  qf  poituMum  convftru  ferrocyanide  of  potassium 
chiefly  into  forricyaoide,  together  with  a  small  quantity  of  nitrate. 

6.  Chiorine  converts  either  the  pulverised  ealL  or  the  sulution  into  ferricyanide  ol 
potessium: 

2K*FeOy«  +  Cl«  «  K*Fo»Cy"  +  2KCL 

Bromine  acts  in  a  similar  nmnner,     (Sra  ee.) 

7-  Iodine  dissolves  abundantly  in  a  warm  solution  of  ferrocyanide  of  potassium,  if 
only  a  sufiicicnt  quantity  is  added  to  form  an  oliTe-g;reen  solution-  An  lodo-fcrri- 
cyivnid©  of  potassium,  2KI.K*Fc*Cy'*,  is  deposited  on  cooling,  in  the  form  of  a 
gulden^vellov  crystaUine  powder  having  a  silky  lustre.  (Prenss,  Ann.  Ch.  Pharm, 
xxix.  ah.) 

8.  Strong  nitric  acid  heated  with  ferrocyanide  of  potiissiura  decomposes  it  com- 
pletely, .giving  off  cyanogen,  nitrogen,  nitnc  oxide,  and  carbonic  acid,  and  forming 

[ferric  oxide  and  nitrate  of  potassium.  Moderately  strong  nitric  acid  dissolves  it, 
fonnitig  a  coffee-coloured  solution,  which  contains  nitro-ferricyanide  or  nitro* 
prusside  of  potassium  (p.  260). 

9.  Aqueous  chloric  aud  iodic  acid*  are  said  to  coDvert  the  ferrocyanide  into  fern- 
cyanide,  with  evolution  of  chlririne  or  iodine. 

10.  Chromic  acid  and  soluble  chromates  convert  the  ferrocyunide  into  ferricyanide, 
(Schonbein,  J.  pr.  Chem.  ii.  ]45,} 

11.  The  ferrocyanide  melted  with  aulphur  is  convertod  into  sulphocyanate  of  potas- 
sium, mixed,  according  to  the  temperature,  with  dicyanide  of  iron,  sulphocyanate  of 
iron  or  mellono-cnmpumnds.     (See  8lt.phoctaxatk.s.) 

m.  Fns«d  in  like  manner  with  selenium,  it  yiuldy  nelenocyanate  of  potassium  (q„  v.), 
18.  Ht'ut^^d  with  slrong  sulphuric  acid,  it  gives  off  carbonic  oxide,  iind  leaves  a 
residue  of  sulphate  of  iKjiHssium,  sulplmte  of  ivtnmonium,  and  ftrrous  sulphate: 
C^«K^Fo.3H»0  -I-  6H^S0*  -^  3U'0  =  2K5Sa*  ^  3(NH')-S0»  -i-  FeSO*  -H  6C0. 

When  the  acid  is  flrat  poured  on  the  pulvorisod  salt,  the  mass  becomes  hot  and  gives 
off  a  small  quantity  of  prussic  acid.  On  applying  heat,  the  white  pasty  mass  dissolves 
and  gives  off  abundance  of  carbonic  oxidp,  which  is  pure,  excepting  that  it  has  a  slight 
garlic  odour ;  no  hydnjcyanic  acid  passes  over  with  it,  but  only  a  trace  of  formic  acid; 
finally  also  a  smafl  quantity  of  Bulphurons  anhydride  is  evolved ;  but  if  the  heat  be 
continued  after  all  the  carbonic  oxidu  has  passed  over,  largo  quantities  of  sulphurous 
anhydride  are  evolved  and  tlie  ferrous  sulpoate  is  oonverted  into  ferric  sulphate,  which 
uniteswith  the  sulphate  of  potassium,  formmgan  iron-alum,  K»(Fe')''(SO*)*.  (Fownes, 
Phil.  Mag.  [3]  xxir.  21 ;  see  also  Grimm  and  Kamdohr,  Ann.  Ch.  Phono.  xeriiL 
127.) 

14.  T%e  atriinrjrr  acids  added  in  the  state  qf  dilute  solution,  and  not  in  too  great 
excess,  to  a  solution  of  forrocyaBido  of  potassium,  produce  no  apparent  alteration  ;  but 
subsequent  treatment  with  ether  shows  that  ferroprussic  acid  has  been  soparated 
(p.  226).  The  mixture  becomes  turbid  when  heuted  ;  boils  b«low  lWt°  C. ;  gives  off 
naif  the  cyanogen  of  the  ferrocyanide  in  the  form  of  hydrocyanic  acid  ;  deposits  the 
white  or  yellow  powder  of  ferrocyanide  of  injn  and  potassium,  K-'Fe*C>'* ;  and  then  con- 
tains in  solution  a  compound  of  the  acting  acid  with  threB-fourths  I'lf  the  potassium. 
Supposing  that  the  ferrocyanide  of  potiissium  is  not  coin plet*»ly  decomposed  in  the  cold 
— wlnL'h,  though  not  certain,  may  bo  assumed  as  true  when  only  3  at,  sulphuric  acid 
are  used — the  equation  will  be; 

2K*FeCy*  +  3H»S0^  =  6ECy  +  K'FeK^  +  3K-S0'. 
But,  if  the  ferrocyanide  of  potassium  is  completely  decomposod  at  the  commencement, 
witliHit  ll'.o  aid  uf  huat,  into  ferroprussic  acid  and  a  |KituE6ium-i»iUr  we  must  suppo&e 
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thftt  thfl  frnopnuslc  odd,  when  r*«>lred  by  heat  into  hydroryanic  acid  nnd  HToKy, 
again  takes  np  2  at.  potawinin  from  the  potttsiiiura-M.lt  produced : 

2H*Fe(y  +  2K»S0«  •  6HCy  4  K'Fe^Cy*  +  2Kil80*. 

According  to  ealeolation.  211*4  parts  (1  at.)  of  crystallised  fiarrocyamde  of  potanium, 
yield  40-6  pta.  (li  at.)  or  19  per  cent,  of  hydrocyanic  acid. 

Ifi,  Fenoeyaside  of  potassium  boiled  with  mrrcurk  oxide  is  gradoally  deeorapoead, 
with  ihmiarioo  of  merenrie  cyanide,  which  remains  in  solution,  together  with  carbonate 
of  potaaBiom  formed  by  absorption  of  carbonic  acid  tnm  the  air,  while  ferric  hydrate 
prodneed  by  abwwptioa  of  atmospheric  oxygen,  is  deposited  (Vauquelin): 

2(K*FeCj-«.3H»0)  +  SHg"©  +  4C0»  +  0  -  6H6''Cy«  +  4K*CO«  +  Fc'H'O*  +  3H»0. 

If  the  qnantity  of  merruric  oxide  in  not  roffipient  for  complete  deoomporition,  the 
liquid  deposite  pale  yellow  rhombic  tablets,  probably  a  doable  salt  of  C3ranide  of 
mercory  with  ferrocyanide of  potaMJiun  (Freusi,  Ann. Ch.  Phattn.  xzix.  324).  When 
1  pt  feno^ramde  of  potawiuin  is  boiled  with  2-5  pta.  merturie  tulphate  and  6  pta. 
water,  cyaude  of  meitmzy  it  formed,  together  with  nilphate  of  potaadtun  and  ferrio 
■alphate,  and  metallic  mercury  is  precipitated,  together  with  a  small  quantity  of  a 
gpeeniah-white  powder: 

2K«FeCy«  +  7Hg"S0«  •  SHg'Cy  +  4K»80«  +  Fe«(SO')'  +  Hg. 

The  ferrocyanide  boiled  with  mercvrie  nitrate  or  cUoridf,  formii  a  doable  ult, 
K'Hg'Cy*  -I-  2  oq.,  which  crystallises  in  white  micaceona  lamina  (Desfossea).  Tho 
hot  aolation  of  the  ferrocyanide  takes  op  a  large  quantity  of  mercuric  iodide,  and  on 
cooling  deposits  a  donble  salt  which  crystallises  in  lamtnte.     (Frensa.) 

IS.  When  the  solution  of  the  ferrocyanide  is  boiled  with  nitrate  of  tnlver,  a  dirty 
bias  precipitate  of  ferrous  cyanide  is  produced,  while  ^anide  of  silrer  and  potassium 
Kmauu  in  solution: 

K«FeCy«  +  4AgCy  -  4KAgCy«  +  FeOy*. 
A  similar  reaction  takes  place  with  chloride  of  sflver  (Gerb-  L  327)  : 
K<FeCy«  +  2A«a  -  2KAgCy»  +  FeCy'  +  2KCL 

17.  When  the  solution  of  ferrocyanide  of  jpotasHiuin  is  boiled  with  a^  few  drops  of 
aetqviekloridt  of  iron,  a  certain  quantity  of  ferricynnide  of  potassium  is  formed,  so 
that  the  liquid  yields  a  deep  blue  precipitate  with  ferrous  salts : 

SK'FeCy*  +  Fe«Cl<  -  K'Fe'Cy"  +  3FeCy»  +  6KC1. 

A  small  qaantity  of  forricyanide  is  also  formed  on  boiling  the  fprrocyjinidp  with  a 
lai]ge  ezreas  of  prossian  blue.     (WiUiamsoo,  Ann.  Ch.  Pharm.  Ivii.  238.) 

18.  When  ferrocyanide  of  potassium  is  heated  with  $ai'amnuminc,  either  dry  or  in 
fiolation,  cyanide  of  ammonium  Tolatilises,  while  chloride  of  potassium  and  chloride  of 
iron  remain  (Dnfloa,  Schw.  J.  Ixr.  106.     Bineau,  Ann.  CL  Phya.  lirii,  231.) 

19.  The  aqueous  solution  of  ferrocyanide  of  potassium  forms  with  the  suits  of  most 
of  the  tarth-metid*  and  heavi/'»utals,  precipitates  consisting  of  ferrooyiiaides  of  (hose 
metals,  e,g, : 

K*FeCy  +  2Cua»  -  Cu»FeCy*  +  4Ka ; 

the  pedpttate  generally  carries  down  with  it  a  small  qoaatity  of  the  alkaline  ferro- 
eyaiude,  which  in  difficult  to  rcmoTC  by  washing.  The  coloors  of  many  of  those  preci- 
pitates are  T«ry  chiuracteristic,  and  render  ferrocyanide  of  potassium  a  valwahle  reagent 
for  the  detection  of  metals  in  solution.  The  coloon  exhibited  by  the  most  important 
metals  arc  given  in  the  following  table. 

Rteetiom  of  Frrrocpanide  <{f  Pota«mum  teith  UttaUic  SoluHotu, 


Suits  of  Aluminium 
„  Antimony 
„  BiKmnth  . 
„  Cadiniam . 
.,  Chromium 
..       Cobalt      . 

„       Copper  (cuprie) 

„       Iron :  (ferrous) 

(ferric)    . 
VoL.IL 


.  Wliite  precipitate  (after  some  time  only). 

.  White. 

.  White,  insoluble  in  hydrochloric  acid. 

,  White,  soluble  in  hydrochloric  acid. 

.  No  precipitate. 

.  Yellowish -green,  turning  grey  after  a  whUe ;  insoluble 

in  hydrochloric  Hufid. 
.  Bed-brown,  insoluble  in  hydrochloric  acid. 
.  Emerald-green  coloration  ;  no  precipitate. 
.  White  precipitate,  quickly  turniog  blue  in  contact  wiA 

the  air;  insoluble  in  Iiydrochloric  acid, 
.  Deep-blue,  insoluble  in  hydrochloric  acid. 
B 
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8«ltaofLead       .       .        .White. 

„       Magnflwum     ,        .  Wliite  (only  in  concentrated  Bolutiona). 

„       Manganese      .        .  White,  soluble  in  hydrochloric  acid. 

„       Mercury  fmerctiroua)  White,  gelatinous. 

„  „       (mercuric)  .  White,  becoming  hk©  ailer  a  while,  from  lonnatkm  (rf 

Prussian  blue. 
„       Molybdcnmn    .        .  Brown.     (See  page  230.) 

„      Nickel     .  .  White,  with  greenish  tinge,  inaolable  in  bydrocMono 

acid. 
.  White. 


SilTBT       . 

Tin  (staanous  and 

stannic)       .        .  White,  gelatinous. 
Uranium  (uranous) .  Light-brown. 

„        (uraaic)   .  R^-brown. 
Zinc       «       .        .  White,  gelatinous,  iosoluble  in  hydrochloric  acid. 


The  solutionB  to  which  the  reagent  is  applied  ahonid  be  moderately  acidulated :  too 
great  an  excesa  of  acid  ia  likely  to  decompose  the  ferrocyanide  of  potassium,  and  thu 
mask  the  reaction  ;  snd  in  ^kiilin©  (iquids  the  precipitates  are  not  produced  at  alL 

The  presence  of  iron  in  ferroi'yanidc  of  potassium  is  not  exhibited  either  by  cauatio 
alkalis,  or  by  snlphide  of  ammonium. 

Estimation  of  Ferroeyanide  of  Potassium. — The  amount  of  this  salt  contained  in  • 
solution,  may  be  determined  by  means  of  permanganate  of  potassium,  which,  when 
added  to  ao  acidulated  eolntion  of  the  ferrocyanide  (containing  therefore  ferrofpraiadfi 
tdd  in  the  free  state)  converts  it  into  ferricyanide : 

lOH^FeCy*  +  Mn'H-0*  +  4HC1  «  oH'Fe'Cy"  +  2Mna»  +  SHH). 

The  solution  of  permanganate  is  graduated  by  means  of  a  standard  solution  of  fcrro- 
eranide  of  pota«flium  containing  20  grammes  of  the  pure  aystalliMd  salt  in  a  litre ;  of 
this  solution  ID  cub.  cents,  are  dUuted  with  250  cub.  eenta.  water;  tho  liquid  is 
acidulated  with  hjdrochlorie  acid ;  and  the  Bclution  of  pennarp:HJiate  is  then  added  till 
the  yellow  colour  of  the  liquid  changes  to  the  yellowish-red  of  the  ferricyanide.  As 
the  solution  of  permanganate  changee  very  rapidly,  this  mode  of  joraduatioa  (which  is 
very  quickly  execQt«d)  must  be  repeated  before  eadi  series  of  determinations. 

To  apply  the  method  to  the  estimation  of  an  impure  sample  of  yellow  pruflsiate, 
6  gmmmes  of  tho  salt  are  dissolved  in  260  cc.  water,  and  10  ec.  of  the  solution  are 
treated  with  the  solution  of  permanganate  whose  strength  has  just  been  determined. 
If,  for  ejcampK  80  buFette-dirisiona  of  the  permanganate  solution  are  required  to 
decompoae  10  cc  of  the  solution  of  pure  ferrocyanide,  and  only  70  divisions  for  10  oc. 

of  the  solution  of  the  given  sample,  that  sample  will  contain  —  or  67*5  per  cent,  of 

pare  crystalliaed  ferrocyanide  (De  Haen,  Ann.  Ch.  Pharm.  xc.  160).  Slater  (Cbem. 
Osa:  ISfid,  p.  460)  graduates  the  solution  of  permanganate  by  adding  it  to  the  normal 
■olution  of  ferrocyanide  till  the  lust  drop  no  longer  produces  any  green  coloration. 

Ttaa  method  will  not,  however,  give  accurate  results,  if  the  yellow  prussiate  is  oon> 
ttumnated  with  any  substance  whidi  can  Likewise  exert  a  reducing  action  on  the  per* 
manganate.  If  such  are  present^  or  suspected,  the  salt  must  be  first  precipitated  as 
Prussian  blue  (ferric  ferrocyanide),  and,  after  careful  washing,  reconverted  into  fcrro- 
eyanide  of  potassium  bypuni  potaab.  This  purified  salt  may  then  be  treated  by  the 
method  just  described  (Hoffmann.) 

Bruanq^uell  estimates  the  amount  of  ferrocyanide  of  potassium  in  a  sample  by  the 
quantity  of  a  ferric  salt  required  to  precipitate  a  given  quantity  of  it.  The  standard 
«rric  solution  is  prepared  by  dissolving  8370  grm.  of  pure  crjstallised  ferrous  milphate 
in  water,  and  boiling  the  solution  with  nitric  acid  till  it  is  completely  oxidised,  and 
dUnting  to  a  litre.  100  cc.  of  this  solution  will  preeipitate  exactly  10  grm.  of  pw* 
oystallised  yellow  prusaiate  in  the  form  of  hydrated  ferric  ferrocyanide  ; 

3(K*F6Cy«.3H*0)  +  2Fe«(S0*)*  -  Fe'Cy".9H^  +  fiK'SO', 

taking  into  account  the  small  quantity  of  the  ycUow  pnusiate  which  is  carried  down 
with  the  precipitate. 

To  apply  this  solution  in  estimating  the  value  of  a  sample  of  "  metal "  (p.  232), 
10  grm.  of  the  metal  are  dissolved  in  water ;  a  few  drops  of  tne  standard  ferric  solution 
are  added  from  a  burette,  theu  a  small  quantitT  of  dilute  nitric  acid,  till  the  pracipitate, 
which  is  brown  at  firsts  turns  blue ;  the  test-liquid  is  then  adder!  aa  bng  as  prussiao 
blue  continues  to  form.  To  know  when  the  reaction  is  oompletc,  a  drop  of  the  liquid 
is  let  fall  on  fiU^ng  paper,  and  the  colourless  circle  which  forma  round  the  blue  spot 
is  tested  with  ferric  solution  dUuted  for  the  purpoeci  and  the  addition  of  the  iron 
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•ototion  to  Uje  liqoid  under  examination  ij  contina<?d  till  the  wmplc  on  the  filtorlng 
p«p^r  it  tonted  broyrn  on  ttddition  of  the  irou-sjdt  (from  formutiou  of  sulphocyanat*  of 
iroij\  or,  till  it  tarns  blue  on  addition  of  y«!llow  pnw«iate,  showing  that  it  contains  a 
■light  excess  of  ferric  aalt  (Brnnnqaell,  Polyt  Centralb.  1853,  p.  771;  Handv.  d. 
Cham.  2'*  AnfL  iL  [2]  206). 

Fbkboctamidb  of  Sri,VBB,  Ag*FeCy*. — Whit«  precipitate,  turning  bluish  when 
exposed  to  the  air ;  soloble  in  ammonia,  insoluble  in  ammonlucal  ealta.  When  heated, 
it  glows,  gives  off  cyanoeen  and  nitrogen,  and  leavofl  carbide  of  iron  mixed  with 
meUQio  silver.  Nitric  aad  converta  it  into  the  orange-yellow  frrricjaniJe,  Ag*Fe*Cy* 
(GlMsford  and  Napier).  Strong  sulphuric  acid  also  decomposea  it,  forming 
■olphate  of  silTer.  Other  adds,  even  nydrochloric  acid,  exert  no  decompoaing  action, 
Craxiide  of  potasainm  converts  it  into  argentoeyaoide  and  ferroeranide  of  potassium : 
Ag«Fe(y  +  8KCy  -  4KAgCy»  +  K^FeCy*.  (Glassford  and  Napier,  Phil.  Mag. 
[3]  xiT-  71.) 

Fbkboctanidb  of  Sodivk,  Na*Fe'<>*+12  H'O. — UsuaHj  obtained  by  aiMiiifj 
KMUsn  blue  to  caustic  soda  as  long  as  the  blue  colour  change*  to  brown,  then  filter* 
ms  nod  ciystallising.  The  ciyitds  are  pale  yellow,  transpareuf,  oblique  rhombic 
{icuia%  efRoreaciog  in  wana  ur,  soluble  in  4^  pts.  cold  water.  iuAobble  in  aleohoL 

fiO'; 
.^  ^        127*    66';    ooP:[Poo]  -  118°     33'. 

The  fkces  [  obPoo  ]  are  often  much  developed.     (Bun sen,  Pogg.  Ann.  xxxvL  413). 

As  Bodtt  is  very  much  cheaper  than  potash,  it  has  been  proposed  to  prepare  ferro- 
cyanide  of  aodium  on  the  mann^turing  scale  by  iusing  carbonate  of  sodium  with 
anim&l  mutter  and  iron.  The  sodium-salt  is,  however,  much  more  difScult  to  crystallise 
than  ferroeyanide  of  potassium,  and  wonld  therefore  be  scarcely  separable  from  the 
very  impore  lyea  obtained  by  lixiviating  the  mt- t«l.  The  preparation  of  ferrocyanide 
<rf  sodium,  might,  however,  succeed  by  Bfunnquell's  procesa  (p.  "238).  But,  as  already 
obs«!rved,  the  most  promising  substitnta  for  the  oroina 
be  the  ferroojiuude  of  barium  (pp.  224,  239). 


The  OTstaU  belong  to  the  moooclinic  system.    Dominant  faces  ocF .  [  oePoe]  . 
>Poo  .  [P«»].      Inclination   of   osP  :  »P  =  B9P  40" ;  <xP  :  [  qdP«  ]  »  139°  I 
iP«    =130^    10' ;  [P«  1  :  [  ooPoo  ]        '"'         -     "^  
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nary  yellow  prusaiate  appears  to 
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F$rroeyanide  of  Sodium  and  Potattium,  NaKTeCj"*  +  lni\. — Obtainedby 
treating  a  mixture  of  ferricy aside  of  potassium  and  grape-sugar  witM  caustic  80<1a,  or 
bj  boiling  a  solution  of  the  corresponding  ammonium  salt  (Nll*)K'FeOy',  with  caustie 
soda ;  it  may  bo  purified  by  precipitating  with  alcohol  and  rociysta Hiring.  It  forma 
ribonbic  or  nearly  square  prisras,  naviDg  a  glassy  lustre  and  easily  soluble  in  water: 
tiey  do  not  give  oif  their  water  below  200°  C.  CWorioe  appeurs  to  convert  the  salt 
in  sodio-potassic  ferricyanide,  NaK'FeCy*.      (Eeindel,  J.  pr.  Chtim.  Ixv.  4&0.) 

F^BBOGTAXISBS  Or  Tw.  )       g^  B.  942 

FBWJOCTAjnDBs  OF  Vuxmxju.]  *^ 

Fbbboctanidb  of  Zma  Zn^FeCv*  +  8  aq.,  i«  precipitated  as  a  white  powder, 
on  mixing  the  solation  of  a  dnc-ealt  with  ferroeyanide  of  potassium  7  also,  according  to 
Jonas,  by  dipc^ting  metallic  dnc  with  pulverised  pmssiun  blue  mixed  with  hydro- 
chloric acid :  hydrogen  is  thus  evolved,  and  the  mixture  gradually  loses  its  bine  colour, 
but  the  reaction  is  not  complete  for  some  days, 

Ammonio-ferrocyanide  0/ iJiwc,  3NH*.Zn»FeCy*  +  aq.,  or  Ferrocyanide 

of  Zinc  and  Diammo-rincamnionium,  ^*^^*^5^^!JFe»Cy"  +  2aq.— Obtained 

na  a  crvstalline  precipitate  on  adding  ferrocyanide  of  potassium  to  a  dilute  solution  of  a 
■inc-salt  supersaturated  with  ammonia.  (Bun8en,Pogg.Ann.  xxxiv.  136;  Monthiers. 
J.  Pharm.  [3]  xi  253.) 

Venioymoldes  or  FerrldoirAiildca- 

M'Fe*Cy"  =  6MCy.Fe»Cy*. 

These  salts,  discovered  by  Leopold  Gmelin,  differ  from  the  ferrocyanides  only  in 
containing  2  at  metal  less  with  the  same  quantity  of  iron  and  cyanogen,  and  are  con- 
sequently produced  from  the  ferrocyanides  by  the  action  of  oxidiaisg  (metal-abstract- 
ing) agents,  chlorine,  chromic  acid,  peroxides,  &c. : 


2M«FeCy«  - 
FcfTOC7an4de. 


W  -  M'Fe'Cy". 
FenicTUld*. 


On  the  othor  hand,  fcrricyanides  aw  eonvprted  into  ferroeyanidcs  by  the  uetiea  of 
reducing  (metal-adding)  agents ;  thus  ferricrnnide  of  potassium  is  converted  by  grape- 
sagiir  in  presence  of  potti»h  into  ferrocyanide  of  potaasinm,  and  in  presence  of  soda  or 
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Ainmoiu&,  into  the  ttoublo  ferrocyanide  of  pota«siam  and  Bodiuinoraininoninm  (pp.  234, 
243).  The  conrersioD  of  a  ferrocyanide  into  a  ferncyatiide  jb  therefore  precisely  »n»k»- 
goua  U>  that  of  diehlorido  of  iron  into  trichhmdo,  the  iron,  a»  in  othw  eases  of 
oxidation,  bein^  altered  in  such  a  maaner,  that  whereas  in  the  femK-yanides  1  at.  in>a 
is  equiralont  to  2  nt.  ttydrogen.  !□  the  fenicjanides  2  nt.  iron  are  equiralent  to  6  at. 
hydrogen,  or  I  at.  iron  to  3  at  hTdrogen. 

The  relations  between  the  ferro-  and  ferricyanidea  may  perhaps  be  most  clcnrljr 
seen  by  expressing  their  composition  in  equiTalent  instead  of  molecular  fannulte  : 

Ferrocyanide  of  potasaium    .....  K*Fe^y* 

Ferricyanide  of  potassium     .....  K*fe*Cy* 

Ferrocyanide  of  iron  and  potassium      ,        »        ,  (K*Fe*)Fe*(y 

Ferricyanide  of  iron  and  potassinm       .        .        .  (KFo*)fe'Cy' 

The  eqniTalent  formulae  of  the  simple  ferrieyanides,  such  aa  Kfe'Cy*  are  divisible  by  3, 
and  may  be  reduced  to  MfeCy*  or  MCy.ff Cy. 

The  ferricvanidea  may  also  be  regarded  as  containing  tlie  compound  radicle, /*rri- 
OP/rmrf-cyanogcn,  Fe'Cy*  =  Cfd;r :  r.  a.  K*Fe*Cy'  =  K*Cfdy. 

The  ferrocyanidea  of  the  alkali-metals  are  easily  soluble  in  wateT  and  crystallise 
well ;  both  crystals  and  aolntions  have  a  fine  red  colour-  The  fcrricyanides  of  the 
alkaline  earth-mctala  are  also  soluble  in  water ;  most  of  the  others  are  insoluble  or 
difficultly  soluble,  and  may  be  formed  by  precipitation. 

Eeaetiotu  of  aoiuhU  Ferricyartidet  vriih  Metallic  Salti. 


Salts  of  AlnmininTri 
„         Antimony 
,,        Cadmium 


Bismuth  .        .        . 
Chrominia        .        > 
Cobalt      . 
Copper  (cupric) 

Iron  (ferrous)  , 
„  (ferric)      . 
Lead        .       . 
Magnesjum 
Manganese 
Mercury  fmercuroos) 
„       (mercuric)  . 
Nicltel      , 
Tin  (stannous)  . 
,,    (stannic)     . 
Uranium  (uranic)     . 
Zinc 


No  predpitate. 
No  precipitate. 
Yellow  precipitate,  soluble  in  acids,  ammonia,  and  aa* 

moniacal  salts. 
Light  brown,  insoluble  in  hydrochloric  add. 
No  precipitftf*. 

Dark  brown>red,  insoluble  in  hydrochloric  add. 
YeUowish-green,  insoluble  in  bydrochloric  add. 
No  prpcipitato. 
Dark  blue,  insoluble  in  acids. 

No  precipitate,  the  Liquid  merely  b«comiag  a  little  darker. 
No  preapitate. 
No  precipitAte. 

Brown  preeipitat<>,  insoluble  in  adds. 
Red-brown,  turning  white  after  some  time. 
No  precipitate. 

Yelloirish-greeD,  insoluble  in  hydrochloric  add. 
While,  soluble  in  hydrochloric  add. 
No  precipitate. 
No  predpitate, 
Orftnge  predpitate,  soluble  in  hydrochloric  add. 


Fbubicyamidb  op  Auhoxiicfh,  (NH*)*Fe'Cy"  +  6s<j.,  obtained  by  the  action 
of  dilorine  on  the  ferrocyanide,  forma  oblique  rhombic  prisma,  of  a  fine  red  colour, 
permanent  in  the  air,  reiy  soluble  in  water. 

FaBBlcT&Nina  of  Cop1"hh. — Tellowish-green  precipitate,  soluble  in  ammonia; 
and  always  retaining  a  em  all  quantity  of  the  alkaline  ferricyanide  used  to  predpi- 
tate it 

FsaaioifAwiOB  of  Htdbogbk,  op  Fb«eii*htj8Sio  Aoin,  H*Fe»Cy"  = 
6HCy.Fe'Cy*,  is  obtained  by  decomposing  ferricyanide  of  lead  with  an  exactly  equiva- 
lent quantity  of  dilute  auJphuric  add,  and  evaporating  tho  filtrate  at  a  gentle  heat.  It 
forms  brownish  Deedles,  easily  decomposed  by  a  stronger  heat;  reddens  litmns 
strongly,  and  has  »  rotigli  sourish  taste.  The  solution  gives  ft  dark  blue  predpitate 
with  ferrous  salts,  aod  alters  the  colour  of  ferric  chloride  to  a  Eghter  brown.  (Gm. 
Tii.  448.) 

FBaBiCTAMiDE  OF  Ibon.— a.  Ferrout  Ferrieifanide,  Fe'Cy"  +  xaq.  » 
(Fe'')*.(Fe»)'<Cy'»  +  iaq.  =  Fe'fe'Cjr*  +  aaq.— This  compound,  commonly  called  2Vr»- 
buirs  blue,  is  obtained  by  predpitating  a  ferrous  salt  with  ferricyanide  of  potassium: 

3FeCl»  +  K*.Fe«Cy'»  -  6KC1  +  Fo«.Fe«Cy'«. 

A  portion  of  the  alkalino  ferrocyanide  goes  dowo  with  the  predpitate,  but  may  l§ 
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nmorrd,  Mwording  to  WLIli&mBot),  by  dtgwting  the  precipitate  for  lome  time  with 
msem  of  protoehloride  of  iron,  and  then  vuhing  wilb  boiling  wat«r. 

VenooM  femcyanide,  when  drj,  i«  of  »  deep  bine  colour,  more  delicate  than  that  of 
ordinary  pnuaian  blue,  with  a  tinge  of  copper-red  ;  it  cannot,  however,  be  dried  com- 
p]et«ly  without  partial  deconiposition,  attended  with  evolution  of  hydrociianic  add. 
Wben  heated  in  contact  with  the  air,  it  ii  conrerted  into  a  mixture  of  ferric  oxide 
and  fezrie  ferrocyanide  (p.  227) : 

12Fe»Cy'»  +  0«  =  2Fe*0'  +  8Fe'Cy'«. 

Heated  with  aqueoua  potaab  or  carbonate  of  potaaaiom,  it  is  converted  into  ferri* 
cyanide  of  potaasium  and  ferroao- ferric  hydrate : 

Fo*Cy'»  +  SKHO  «  ZK'FeCy'  +  Fo'O'.^H'O. 

Thia  KActioD  dislingniflhea  it  from  ferric  fernxryanide,  which  jietda  ferric  hydraM 
when  treated  with  aqueous  alkalia. 

Tumbull'a  blue  ia  occa»ionally  used  by  the  calico-print«r,  who  mixea  it  with  per- 
cMoride  of  tin,  and  prints  the  mixture,  which  ia  in  a  great  measure  soluble,  upon 
Turkey-red  cloth,  raising  the  blue  colour  afterwarda  by  passing  the  cloth  througU  a 
solution  of  bleaching  powder  containing  excess  of  lime  The  chief  object  of  that 
operation  is  indeed  different,  namely  to  dischaifse  the  red  and  produce  white  patterns 
where  tartaric  acid  ia  printed  on  the  cloth ;  but  it  has  also  the  effect  incidentally  of 
precipitating  the  blue  pigment  and  stannic  oxide  together  on  tbe  cloth,  by  neutralising 
tlio  acid  of  the  stannic  chloride.     (GroAam's  ElemmU,  2nd  edition,  toL  ii.  p.  40.) 

b.  Ftrroto-ferric  Ferricyanide,  Pe"Cy"  +  «aq.  =  r^e'.2(Pe»);*I. 
3(Fe*^''Cy". — This  compound,  often  called  Pnusian  gretn,  is  produced  by  the  action 
of  chlorine  in  excess  on  a4jueons  ferro-  or  ferri -cyani<»  of  potassium ;  also  by  leaving 
the  ferrocyanide  for  some  time  in  contact  with  aqueous  acids,  especially  in  hot 
solutions  (Pelouzc).  To  obtain  it  pure,  chlorine  in  exc(>as  is  passed  into  a  solution 
of  Yellow  or  red  pruesiate;  the  liquid  is  heated  to  boiling;  and  the  precipitate  is 
boiled  with  strong  bydmchloric  acid  to  extract  oxide  of  iron  and  decompose  any 
pnuaian  blue  that  may  have  boon  formed  at  the  same  time,  this  treatment  being 
continued  till  the  liquor  is  no  longer  turned  blue  on  addition  of  water  (Pelouze,  Ann. 
Ch.  Phys,  [2]  Ixix.  40).  Williamson  appeam  to  have  obtained  the  same  compound 
by  the  action  of  nitric  acid  on  ferrocyanide  of  iron  and  poUMium  (p.  229). 

Pruasian  Rreen,  heuted  Lo  180®  C,  gives  off  cyanogen,  with  a  little  hydrocyanic  acid, 
and  ia  converted  in  a  ehort  time  into  a  violet-bluo  compound;  by  prolonged  contact 
with  the  air  it  is  conrertad  into  prussian  blue.  Potash  decompoeee  it,  aep«u»t)ng 
fexrie  hydrate,  and  forming  a  solution  of  yellow  and  i^  pruesiate : 

2Fe'»Cy"  +  42KHO  -  6K«Fe(y  +  3K«Fe«Cyi>  +  7Fe«H«0«. 

Potaatio-ferroua Ferricyanide,  K*Fe«Cy'*  =  (K'I''e»).(Fe»)'K:^".  CWilliam- 
son,  Ann.  Ch.  Pharm.  Ivii.  228.) — Thu  compound,  which  may  also  be  regarded  aa 
potastio'/errio  ferrocyanide,  K*(Fe*)''.Fe*(^",  is  produced  by  the  action  of  oxidising 
agenteon  poiassio-ferrous  ferrocyanide,  (S'Fe)JF'eCy*  ^p.229).  To  prepare  it,  1  pt.  of  the 
white  compound  is  digested  in  a  basin  with  1  pt.  nitric  aoid  and  20  pis.  water,  the 
liquid  being  constantly  stirred.  As  the  temperature  approaches  the  boiling-point, 
the  compound  begins  to  turn  blue  and  nitric  oxide  is  erolvea ;  as  soon  as  this  evolution 
of  gas  becomes  rapid,  the  basin  must  be  removed  from  the  fira ;  the  gas,  bowerer,  con- 
tinues to  escape  till  the  solid  comp>und  has  assumed  a  deep  blue  colour.  If  the 
colour  be  not  deep  enough,  the  compound  must  be  again  heatea  with  fresh  nitric  acid, 
till  a  sample  decompo«&ci  by  cauattu  potash  no  longer  leaves  ferroso-ferric  but  pure 
ferric  oxide.  The  product  is  then  to  be  washed  till  the  wasb^water  no  longer  leaves 
a  residue  of  nitre  on  evaporation.  If  the  action  of  the  nitric  acid  has  been  boo  strong, 
the  resulting  blue  compound,  when  treated  with  potash,  yielda  the  red  instead  of  the 
yellow  prussiate,  and  is  then  usele-na. 

When  dry,  it  exhibits  a  very  beautiful  violet  colour,  with  seaKcly  any  coppery 
lustre.  The  recently  precipitated  compound,  suspended  in  water,  appears  green  by 
traosmitU>d  light. 

By  further  boiling  with  nitric  acid,  this  bine  compound  is  converted  into  a  dark  green 
■abetanoe,  which  appears  to  be  identical  with  Pelouzo's  pruiisian  green.  It  is  decom- 
poiad  by  aqueotw  potash,  yielding  ferrocyamde  of  potassium  and  ferric  hydrate : 

K'Fe'Cy"  +  6KH0  -  IK'YeCy*  +  2FeH»0». 

putuaio>fcrruua  ferricyanide  digested  with    solution  of  ferrocyanide  of  potassium 
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MDT«rta  the  Utter  into  ferricyiinide,  and  is  itself  conTerted  into  white  potaasio-ferroaa 
ferrocyaoide : 

2KFe*Cy«  +  2K*FeCy*  =  K"Fe»Cy«  +  2K»Fe«Cy». 

blue  yellow  red  wh)t« 

eompouDiI.  pruitUte*  pmiiUle.  «:oin  pound. 

Fhrriotanidb  or  Lbad,  obtained  bj  mixing  nitrate  of  lead  with  ferricyaoido  of 
potaminm,  forms  dark  red-broira  cr^i^ab,  groaped  like  cocka'  combs :  they  are  alight)/ 
aolnble  ia  cold  water,  rather  more  in  hot  water. 

Fbbkiotanidk  of  Maonbsiom.— Obtained  by  treating  the  ferrocyanide  with 
chlorine.    Yexy  soluble,  dDcryatalliflable. 

FsBBtcTAXiDB  o»  NicKBL. — Yellowish  green  precipitate,  inaoluble  in  hydro- 
chloric acid. 

On  adding  fcrricyanide  of  potaasiam  to  an  amraoniacaJ  aolntion  of  nitrate  of  nickel, 
•  precipttAte  ia  formed  of  a  flne  yellow  colour,  aolublo  in  excess  of  ammonia,  and 
having  the  composition  of  an  ammonio-forrioyanide  of  nickel,  4NH*.Ni*Fe*Cy"  +  aq,» 

or  Jerricyanide  of  nickel  and  niokd'^tmmtmimaiy  ^  J^.  ( FoKJy"  +  aq. 

FaBBiCTANiDBOF  PoTABSitTJi,  K'Fo'Cy"  =  6KCy.Fo*Cy*.  Ferridcyanidt  of 
PoUutittm,  Bedprusriatt  of  Potash.  {Rothes  CyandMiikcdium,  roihe*  Blutlaugenaali, 
KaUvnuuenptfanid,  Ferridcifankaiium,)— This  beantiftd  aait,  which  was  diaooTered  by 
Leopold  &raclin  (Schw.  J,  xxxit.  326;  Handbook,  yu.  468),  ia  obtained  by  the 
action  of  oxidising  agenta  on  ferrocyanide  of  potasaium.  It  is  uBauUy  prepared  by 
passing  washed  chlonne  gaa  (with  coostunt  agitation,  to  ensure  aniformity  of  action) 
throu|^  a  cold  aolntion  of  the  yellow  prussiate,  till  a  sample  t^-sttd  with  a  forric  salt, 
no  longer  forma  a  dark  bine  precipitate,  but  a  clear  brown  mixture.  The  liquid  is  then 
evaporated  till  it  cryatallisea,  and  the  crystals  are  purified  by  repeated  crj'stalliaation 
from  hot  water.  Larger  crystals  are  obtained  by  hot  evaporation  than  by  cooling  from  a 
rapidly  boiled  solution.  The  motber-liqnor  contains  scarcely  anything  but  chlorido  of 
potaaaium. 

If  the  passage  of  the  chlorine  into  the  liquid  is  continued  too  long,  prassian  g;reen 
ie  produced,  which  greatly  interferes  with  the  crystallisation,  and  cannot  be  Beparated 
by  filtration,  us  it  runs  through  the  filters.  To  remove  it^  Posselt  (Ann.  Ch.  Pharm. 
xliL  170)  evaporates  the  solution  to  the  crystaDieiing  point,  then  boils  it^  adding  a  few 
drops  of  caustic  potaab,  just  sufficient  to  decompose  tbe  green  compoond  uud  separate 
feme  oxide  (p.  246),  then  filters,  and  leaves  the  solution  to  crystallise  by  slow  cooling. 
An  excess  of  potash  must  be  carefolly  avoided,  as  it  reconverts  the  red  into  yellow 
prussiate ;  a  certain  cjuantity  of  the  latter  is,  however,  neoeasarilj  formed  in  the  decom> 
position  of  the  prussiao  green  (p.  246). 

It  is  not,  however,  an  easy  matter  to  obtain  perfectly  pure  ferricyanide  of  potassium 
by  the  preceding  process,  partly  on  account  of  the  chloride  of  potassium  necessarily 

r:luciHi,  partly  on  account  of  the  pmssian  green,  the  formation  of  which  can  scarcely 
avoided,  both  of  these  sulataoecs  interfering  greatly  with  the  formation  of  good 
oryHtAlfl.  A  sure  way  of  obtaining  a  pure  salt  is  to  digest  the  solutioa  of  the  yellow 
prussiate  with  an  excess  ofpotuHsio-ferrous  ferricyanide  (p.  MoX  which  converts  it  com- 
pletely into  red  pruseiat^.  The  Hquid,  filtered  and  evaporated,  yields  atonce  pure  crystals 
of  the  red-salt.  The  pale  blue  residue  on  the  filter,  which  consists  of  white  potasdo- 
ferrous  ferrocyanide,  ouxed  with  the  excess  of  the  blue  salt  used,  may  be  entirely  re- 
converted into  the  latter  by  digastion  with  nitric  acid,  so  that  it  may  be  repeatedly 
used  for  converting  fresh  quantities  of  the  yellow  prussiate  into  the  red.  (William  son.) 

Yellow  pnissiHte  may  also  be  converted  into  red  by  the  action  of  hypochlorites,  by 
digesting  the  soIutioQ  with  finely  pulverised  peroxide  of  lead  or  manganese,  by  oione, 
or  by  placing  it  in  the  circuit  of  the  voltaic  battery  (p.  240). 

For  manufacturing  purposes,  the  chlorine  process  is  invariably  used,  the  vellov 
prussiate  being  treated  with  chlorine,  either  in  the  dry  or  in  the  wet  way.  In  the  dry 
way,  red  prnsaiate  is  prepared  hjr  spreading  the  pulverined  yellow  salt  on  shelves  in 
a  chamber  into  which  chlorine  is  paased,  just  as  in  the  manufacture  of  bleadiiag 
powder.  In  this  manner,  a  bluish-grE'eQ  powder  is  obtained,  which  is  a  mixture  of  the 
ferricyanide  with  chloride  of  poLassinm,  likewise  containing  cither  docompositioa* 
products  of  the  former,  or  unalten^d  yellow  prussiate. 

The  wet  method  of  decomposition,  which  is  more  frequently  pi-actised,  is  exactly 
aimilar  to  the  Imboratory  process  above  described.  The  hut  mother-liquors,  which 
contain  chiefly  chlorido  of  potassium  with  a  small  quantity  of  red  (and  sometimes  also 
yellow)  prussiate,  are  either  evaporsited  to  dryness  and  sold  as  "blue  powder"  for 
dyeing  wool  blue;  or  they  are  preei  pita  ted  witli  solution  of  ferrous  sulphate,  the  pre- 
apitato  being  sold  as  pni.<4sian  or  Tumhull's  blue. 

Properties.  —  Ferricyanide  of  potassium  forms  prismatic  crystals  of  a  fine  blood-red 
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coloiir»  •oni«timeB  TcrjrUrge.  According  to  Ko^^  {KryeUtUograpMe,  p.  311),  they 
l)«k>iic  to  the  monoclimcfjiiteoi,  the  ordinurycombioAtioQ  being  odP  ,  ooPw  .  +p,  _p 
{^.  863).  R&tio  of  &XM  d  :  6  :  «  —  07467  :  1  :  0-5986.  Liclin«tion  of  b\e  »m 
7#  27';  angle  odP  :  wP  in  the  dinodi*-  »t,  363  p-  ' 

gonal  section  -  76«    4';     +P:  +P  -  *»?.  aoo.  !<„,,  364. 

Ioe°  4*;  -P:  -P  «  119028'.    Twin-  ^  /  '     ^  /\*v  /V 

crjitalfl  •ometimes  oocur,  united  by  the  ^^'/  '*^^  /I  yk /^>^  ^ 

fWee  obPoo  (^.  364),  and  haying  reiy 

tntich    the    aapect    of   rhombic    priBma.  I  i  I       ill         /  / 

ScbabuB,    indeed    (Wien.    Akad.    Ber.         ///       ///         /  -' 
1860.  p.   682),   regards  the  cryatab  of       /->/  .j./  /ft*/        /-^  /      ^ 
f^rricyanide  of  potaflstum  a«  rtiotabic  or       /  fj        i  /  •  /  /  /    /  •P /  /.V 

trimetric,  having  their  axes  in  the  ratio     I  1  f       f  f  I         /  '    I      i 

1-2418  :  1-6706  :  1,  and  ordinarily  exhi-     /  // /  /  /  f<' 7-..,  /  j 

biting  the  combination    cbP  .    gc|»«»    .   /  .'W  "" /"i  *  '^^  '    "*■•' 

P .  K  .  |f^ ;  he  attzibntes  their  mono-    yAv  \    ft    ,  \\     ■ 

dinic    aspect  to  the  occurrence  of  the    ^    '  -"    ^  ^ '    '"* 

face  P2  in  combination  with  JPj  on  the 

one  side  of  the  brachydiugonal  principal  section,  and  irith  odF  and  ooPoo   on  tlM 

other. 

The  crystals  are  anhydrous,  and  have  a  spedfie  gravity  of  1800  (Schabus),  1>846 
(Wallace).  The  salt  haa  a  saline,  slightly  astnngent  taate,  Zkeutnvl  reactioD,  and 
viclda  an  orange-yello  v  powder.  It  diaaolrea  eaaily  in  water,  the  conc<<ntrated  solution 
uving  a  brofmisn-jeUow,  and  the  dilnta  lolatum  *  leuoa-yelloir  eoloor. 

Ono  part  of  the  salt  diasolTca : 

at     4  -4  0  C.  in  3  03  pta.  water,  forming  a  aoktion  of  spedflc  grarity  1-161 

„     100    „      2-73 1-164 

„     16-a     „      2-64 1-178 

„     37-8    „      1-70 1-226 

„  1000    „      1-29 1-260 

H  104-0     „      1-22 1-265 


\ 
I 


The  concentrated  solution  boils  at  104*»C.;  it  is  precipitated  by  alcohol,  but  the  sail 
is  not  quite  insoluble  in  alcohoL 

DteomfimUoiu.—X.  The  crystals  heated  in  a  doM  Teasel  decrepitate  loudly,  and  gire 
off  ejaaogen  with  a  sinall  quiintity  of  nitrogen,  leafing  a  residue  contnining  cyanide 
and  feiToeyanide  of  potJiMsium,  pnission  blue,  a  mam  resembling  paracyanogen,  charcoal, 
snd  iron.  In  the  flame  of  a  condlo,  the  salt  bums  with  aparka. — 3.  It  b^roes  incan- 
deacent  when  heated  with  oxid*  of  ccrj^ptr,  and  detonates  sharply  when  heated  with 
nitrate  of  ammonia.—  3.  The  aqueous  solution  i«  permanent  in  the  dark,  but  decom- 
poses in  Btudight,  also  when  boiled  for  a  considerable  time,  being  converted  intoyellow- 
pmsaiate. —  4.  When  the  salt  is  rleetrolyMed,  yellow  prossiata  is  formed  at  the  negative 
pole. —  6.  Chlorim  in  excess  daoompoaas  red  pmsaiate,  chloride  of  cyanogen  and  hydro- 
cyanic acid  being  eTolrcd,  whilst  the  liquid  acquires  a  dark  red  colour,  nnd  on  standing 
in  an  open  resseX  or  more  quickly  on  boiling  or  on  addition  of  an  alkali,  deposita  prassiiin 
green. —  6.  firtwnin*  acta  in  the  same  manner  as  chlorine  (Smee).— 7-  Hitric  acid  iormn 
with  the  crystals,  gradually,  even  at  ordinary  temperaturea,  a  brown  solution  like  that 
which  it  prodncee  with  the  yellow  ferrocyanide  (p.  240) ;  it  deposits  crystals  of  nitiv, 
and  contains  mtroferricyanide  of  potassium  (Play  fair).  —  8.  The  pulverised  crystals 
hcMted  with  strong  sulphuric  acid  become  paJe  yellow,  and  impart  that  colour  to  tha 
acid ;  at  a  higher  temperature,  the  mass  bwomes  bluish-white  and  tough ;  at  a  still 
Hi^er  temperature,  it  swells  up  and  evolves  combustible  gases ;  and,  finally,  at  a  red 
heat,  leaves  a  residue  of  potuasio- ferric  sulphate. — Sulphuric  acid  forau  with  the  aqueous 
•olntion  a  green  precipitate,  which  consists  of  FeKlV*  [?]  mixed  with  a  small  quantity 
of  cyanide  of  potassium,  and  turns  blue  when  boiled  with  excess  of  sulphuric  acid,  part 
of  the  cyanogen  being  thereby  converted  into  ammonia  (Williamson,  Ann.  Ch. 
Fharm.  fvii.  243). —  9.  The  aqueous  solution  of  the  nKi  salt  boiled  with  hydrncUoria 
and  dapoeita  Turubull  s  blue,  ttui  reaction  being  probably  attended  with  evolution  of 
cyanogen: 

8K«Fe»Cy»«  +  20HC1  =  Cy»  +  20HCy  +  18KC1  +  Foa*  +  Fe*Cy'». 

10.  Ferrou*  udU,  added  in  eqaivalent  quantity  or  in  excess  to  a  solution  of  rod 
pnmiate,  form  a  precipitate  of  ft-rrons  ferricyanide : 

K*Fo'Cy"  +  3FeCl»  =  6KC1  +  Fo»Cy'»; 
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bat  on  adding  to  the  boiling  soktioD  of  the  red  salt,  a  qnandty  of  ferric  chloiidt 
not  Hufficipnt  for  cnmpletfl  precipitation,  the  yellow  ferrocyaaide  is  formed,  and  fvrrie 
ferrocyanide  is  precipitated  (Liebig,  Ann.  Ch.  Phnrm.  Ivii.  237): 

iK'Fo'Cy"  +  SFeQ'  -  16KC1  +  2K«FeCy<  +  2Fo'Cy'«. 

11.  When  the  aqneotis  solution  of  ferricT-anide  of  potassium  is  boiled  with  mereime 
oxide,  the  whole  of  the  iron  is  precipitated  in  th«  form  of  pulvemlent  ferric  oxide, 
to  which  email  quantitieii  of  potaaaiuni  and  cyanogen  tenaciously  adhere  (Gmelin): 

K*F6»Cy'*  +  flHg'O  =  3K»0  +  Fe'0«  +  8Hg''Cy*. 

12.  Poiaxh  does  not  act  on  the  solution  at  ordinary  temperatures,  or  even  at  higher 
temperatures,  unlesa  the  liquid  be  boiled  down  to  a  high  state  of  concentratioa ;  in  that 
CHfle  the  red  prussiate  is  conyerted  into  the  yellow  pmasiate  and  cyanide  of  potassium, 
with  evolution  of  eyanogen  (not  of  oxygen)  and  precipitation  of  ferric  oxide  (Bondan  It). 

13.  Many  heavy  irutalUc  axidt*^  in  presence  of  potash,  convert  the  disiwlved  red 
prassiato  into  the  yellow  prussiate,  the  red  salt  taking  up  potaaaiutn,  and  the  oxygen 
of  the  potash  bringing  the  heary  metal  to  a  higbar  state  of  oxidation  (Boudault^  J, 
Pharm.  [3]  TiL437);  e.g. 

K*FeX:y'«  +  2KH0  +  PbO  =  2K*FeCy«  +  PbO»  +  WO. 

The  action  may  be  produced  by  adding  to  the  eolution  of  the  red  salt  either  the 
hydrated  oxide,  togeth«ir  with  potash,  or  a  mixture  of  the  salt  of  the  heavy  metal  with 
excess  of  potash. — A  eolation  oi  chromic  oxide  io  potash  boiled  with  the  solution  of  the 
red  salt,  yields  chromato  and  ferroo^nide  of  potauBsium.  —  Hydratfd  Tnanganotta  ariit 

with  potash,  or  a  man^nous  salt  with  excess  of  potash,  yields  peroxide  of  ma ^ 

even  at  ordinary  temperatures  i  if  the  potash  is  in  large  excess,  the  peroxide  ] 
is  erystalline ;  but  if  the  manganous  oxide  is  in  larger  proportion,  brown-red  ma: 
manganic  oxide  is  produced.— JVo/ajn'd«  of  lead  dissolved  in  potash,  or  a  IcAd-salt 
supersaturated  with  potaeh,  yields  a  precipitate  of  brown  peroxide  of  lead,  which  is 
generally  crystalline,  or  of  red  lead,  if  the  lead-oxide  is  present  in  larger  proportion, 
^Stennous  aalU  also  convert  the  red  salt  mixed  with  potash  into  the  yellow  salt. — 
But  the  protoxidfi  of  cobalt  and  nickd  are  not  brought  to  a  higher  state  of  oxidation, 
even  by  Wling  with  a  mixture  of  potash  and  the  red  salt— Sj/opt  and  gold  salts,  on 
the  other  hand,  exhibit  a  different  reaction  with  potaah  and  the  red  pnusiate ;  for  they 
yield,  on  boiling,  a  precipitate  of  ferric  oxide,  while  ferrocyanide  of  potassium  and 
cyanide  of  silver  and  potassium,  or  eyanide  of  gold  and  pot^ssiuaxi,  remain  in  solution. 
14. — Sidphydrie  acid  decomposes  the  red  pruseiate  dissolved  in  water  into  yellow 
prussiate,  ferropnissic  acid,  and  sulphur  (Williamson,  Ann.  Ch.  Pharm.  IviL  237): 
2K*Fo»Cy»  +  2H»S  =  8K*FeCy  +  H«FeCy*  +  8». 

15.  Sdenhydrie  acid  and  fhoaphorttted  hydrogen  likewise  impart  to  the  eolution  of  the 
red  prussiate  the  property  of  forming  a  blue  prt}cipitat«  with  ferric  suits ;  and  the 
same  change  is  produced,  though  mora  slowly,  by  tcilurhydric  acid,  argenelted  Aydrogmt 
ftod  antxTTwnetted  hydrogm  gases  (Schoabein). — 16.  Ammonia  converts  the  aqueous 
solution  of  ft'rricyauide  of  potasaium  into  ferrrjcyanide  of  potansium  and  forrocyanidai 
of  ammonium,  with  evolution  of  nitrogen  (Monthiers,  J.  Pharm.  [3]  xi.  2*4): 

6K'Fe»Cy"  +  16NH'  =  9K'FeCy*  +  3[(NH*)*FpCy«]  +  2N». 

17.  Many  other  deoxidising  agf^nts likewise  impart  to  the  aqueous  solution  of  ferricr*- 
nide  of  potassiam  the  property  of  forming  a  blue  precipitate  with  ferric  salts.  The  de- 
«Tii<imng  flgents  which  produce  these  effects  are:  Phoephonii,  which  acts  but  slowly; 
'—phomtoroua  acid  and  the  hypophoaphitcs;  — sulpAurout  acid,  which  is  thereby  con- 
verted into  sulphuric  add,  and  auiphites,  which  are  transformed  into  sulphates  ;—HHria 
oxid*  gas,  and  even  fuming  nitric  acid,  whereas  nitrous  oxide  exerts  no  reducing 
action. 

18.  Similar  effects  are  likewise  produeed  by  various  metals :  via.  arsenic,  antimtmy, 
tin,  bitmiUh,  Itad,  iron  and  line,  more  slowly  by  copper,  cadmium,  mercury  and  tilver. 
According  to  Schonbein,  iron  and  zinc,  immersed  in  the  aqueous  solution  of  red  prussiate 
in  a  dose  vessel,  often  remain  bright  for  weeks,  whereas,  in  contact  with  the  air,  the 
liquid  becomes  lighter  in  colour,  and  ferrocyanide  of  potassium  is  formed,  together 
with  an  insoluble  ff  rrocyanide. 

19.  The  reduction  of  red  to  yellow  prassiate  is  likewise  produced  by  many  orgaitia 
tubatttHces,  e-.g.  by  formic,  acetic,  citric,  tartaric,  and  aric  acids,  creosote,  cineboolne, 
and  morphine,  not  by  quinine  or  strychnine  (Boodault).  Ether,  sJoohol*  and  sugar 
do  not  easily  reduce  the  aqueous  solution  of  the  red  jirusaiate  alone,  bat  much  man 
quickly  on  addition  of  a  ferric  salt,  in  which  case  pnusian  blue  is  preeijdtat«d.    Ozalio 
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acid  ia  not  oxidised  hy  the  aqaeoiu  aolution  of  red  imusiate ;  iadaed,  it«  ptvaonc* 
iu-lu«ll^-  preventa  the  redactioo  which  would  otherwise  be  effected  bj  nitne  oxide, 
anlphjdnc  acid,  oric  acid,  or  Ragar.    (Scboobeim) 

All  tbeae  reductions  take  place  much  mora  quickly  in  an  alkaline  than  in  a  neutral 
aolution  of  the  r»d  pmaaiate.  In  the  alkalino  aolution,  aolphur  and  phosphorus,  and 
tbtfir  lower  oxidea,  are  quickly  cooTcrted  into  sulphurio  and  phoephoric  acid  rMpectirety ; 
iodine  into  iodic  add ;  iodide  and  sulphide  of  potafiaium  alao  reduce  the  r«d  pnusiala 
to  the  yellow ;  oxjilic  axnd  ia  conTert«cl  into  carbonic  acid ;  cyanide  of  potassium  into 
cyanate ;  sogar,  gum,  starch,  alcohol,  and  eren  paper,  into  carbonic  acid  and  water. 
Indigo  ia  bleached  by  it,  a  reaction  which  has  been  applied  by  Mercer  (PhiL  Mag. 
[3]  xxri.  126)  in  calico-printing.  Cotton  dyed  with  mdigo  and  aaturateii  with  red 
prnaaiate  ia  instantly  bleached  on  immersion  in  potaah-ley. 

Ferriryanide  of  potassium  forms,  with  the  solutions  of  many  of  the  heavy  nutals, 
pirecipitjit^fi  which  exhibit  very  charactaristic  colours  (p.  244) ;  hence  thia  salt^  as  well 
as  the  yellow  prnssiate,  is  a  valuable  reagent  in  chemical  analysis.  In  dyeing  and 
calico-printing,  it  ia  used,  either  alone  or  mixed  with  ferrous  salts,  for  the  production 
of  bine  colours  on  wool  and  cotton ;  for  this  purpose  the  ao-called  "  blue  powder/' 
obtained  by  evaporating  the  mother-liquors  of  red  pruasiate  is  often  made  available. 

Entimation  of  Ft/rricyanidt  of  Potastium, —  Ordinnry  red  pruasixte  in  gt-ncrfUly  cou» 
taJDiiuit«d  with  chloride  of  potasaiaro  and  with  yellow  prusaiate,  the  lattrr  K-ing  recogp- 
ntaable  by  the  blue  precipitate  which  it  forms  with  fi'rric  salts.  For  determining  tho 
looportion  of  real  ferricyaaide  in  a  oommerciol  sample  of  red  prnaaiate,  the  following 
nauods  may  bo  used  : 

1.  Brannquell  converts  the  ferricynnide  of  potassium  into  fenroeyanide,  andeati- 
nutes  the  Utter  by  a  standard  ferric  solution  in  the  manner  already  described  (p.  242^ 
7*99  grms.  of  the  red  pruasiate  are  dissolved  in  wat«r ;  and  the  liquid  is  boUed  with  uddi* 
tioa  of  a  few  prms,  of  sulphite  or  hypoaulpbite  of  sodium,  filter^,  if  a  precipitate  forma, 
mud  tested  with  the  graduated  ferric  solution,  l  cc.  of  which  correspond*  to  1  per  cent. 
of  fiarricyanide  of  potassium. 

2.  De  Haon  mixes  10  oc  of  a  solution  of  a  n»d  pruasiate  containing  20  grma.  ia 
tk  litre,  with  6  to  8  cc.  of  strong  potash-ley,  and  heats  the  liquid,  after  addition  nf 
06  grm.  finely  piUvoriaed  protoxide  of  lead,  which  ia  thereby  converted  into  peroxide. 
After  dilution  with  water,  tiltering,  and  acidulation  with  bydrochlone  add,  a  graduated 
solution  of  permaMonaU  of  laotassium  (see  p.  242)  is  added  till  the  liquid  beotHnes 
clear  and  of  a  dedded  rediUah'yellow  colour.  If  the  sample  of  red  prussiAte  originally 
contained  yellow  prussiate,  the  proportion  of  the  latter  is  detenniocd  in  a  Moond  sample 
by  heatiug  with  the  permanganate  solution  without  addition  of  oxide  of  lead. 

3.  Fcrricyanide  of  potaaeium  mixed  with  iodide  ofjtottunum  and  hydrochloric  acid 
jfields  ferropruaaic  acio,  chloride  of  potassium,  and  £r^  iodine : 

K«Fe'Cy»»  +  2KI  +  8HC1  -  8KC1  +  2H'FeCy«  +  P. 

Consequently  1  at,  or  127  pts.,  iodine  corresponds  to  I  at.  or  329  pts.,  ferricyanide  of 
potaeaium.  *To  apply  this  reaction  volumL'trirally,  10  cc.  of  a  solution  of  red  prua« 
amt^  (containing  from  0^2  to  0'4  grms.  of  the  salt)  ore  mixed  with  10  cc.  of  a  solution 
of  iodide  of  potassium  (contAining  1  grm.  of  the  iodide),  and  strong  hydrochloric  add 
i»  added  aa  long  as  the  solution  is  thereby  rendered  darker  in  colour  by  separation  of 
iodine.  The  tre«  iodine  is  then  estimated  by  Bnnsen's  method  with  Bulphnrous  acid 
(see  A>iAi.Tsts,  VoLCiOTBiE,  i.  285).    Lenssen  (Ann.  Ch.  Pharm.  icL  240.) 

4.  'WallBce(Chem.  Soo.  Qu.  J.  vii.  77)  determines  the  amount  of  ferricyanide  by  the 
quantity  of  ttannotu  chkyridf  required  to  convert  it  into  ferrocyanide  of  potassium  or 
ftnopruasic  add.    Tho  reaction  is  aa  follows : 

2K'Fo'Cy"  +  2SnCl»  +  4HCI  -  3K«FeCy«  ^  H^FoCy*  +  2SoCl«. 

100  grains  of  pure  ferricyanide  of  potussium  are  dissolvcfl  in  U  oz,  vrnln  and  ^  ok. 
strong  hydrochloric  acid,  and  solution  of  stannous  chloride  i  of  «pi4itic  gmvity  luiB)  ia 
added  tiU  tlie  b'quid  exhibits  a  decided  violet  or  blue  without  any  shade  of  jfrrecn  colour. 
By  treating  the  sample  of  red  prusainte  t«  he  examined  with  the  solution  of  Btaranotis 
chloride  thus  standardised,  the  amount  of  pure  ferrocyanide  contained  in  it  is  dctcr- 
mined.— fi.  Greater  exactneaa  appears  to  be  attained  bjr  the  following  process  given 
by  Leesehing  (Jahresber.  C  ChenL  1853.  681),  in  which  an  alkaline  solution  of  the 
ferricyanide  is  mixed  with  a  solution  of  tuljihartrnaU  of  sodium,  till  the  liquid  b«comea 
oeariy  colourless  and  the  precipitated  sulphor  is  perfectly  white>.  The  reaction  ia  ex* 
prraaed  by  the  equation : 

fiK»Fe»Cy"  +  2Na»AsS*  +  4K»C0«  =  1 1  K'FeCy*  +  Na*Fe(y  +  2NaAB0»  +  S«  +  4C0'. 
According  to  this  equation,  100  pta.  ferricyanide  of  potassium  decompose  20-fi  ptA, 
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erystalliaec!  sulphaMenate  of  jwdlum,  2Na*ABS'  +  15aq.  100  gmns  of  the  femc7amd« 
are  dissolved  in  2  02.  of  wat«r.  and  to  this  solution  is  graduaMy  added  a  standard 
■ohidoD  containing  20  grains  (more  exnctlj  206  grains)  of  Bulpbartjenate  of  sodiam  and 
40  to  60  grains  d^  carbonate  of  potassium  or  sodium  in  200  burette-divimon**,  so 
that  one  division  of  this  solation  corregponda  to  +  per  cfnt.  ferricyanide  of  potasnum. 
Tbo  standard  sol ation  is  gradually  added  till  the  liquid  kas  become  qaite  vbite,  and  a 
feir  drops  of  it  no  longer  destroy  the  red  colour  of  a  decoction  of  oocbinoiL  (Handw.  d. 
Chem.  2"  AofL  ii.  [2]  212.) 

Ferricyanide  0/ Potattium  a«d  5ar»»m,K*Ba*Fei*Cy"  + 6aq.,iB  obtained  bj 
passing  chlorine  into  a  solution  of  ferroc;;anide  of  potassiam  and  baxium,  expelliog 
the  excess  of  chlorine  by  hpjit,  ndditig  a  Little  alcohol,  separating  the  resulting  blaa 
precipitata  by  filtration,  and  IcuTing  the  filtrate  to  cTaporate.  The  first  irpltaia 
deposittd  from  the  solution  (larger  than  those  of  ferricyaoide  of  potassium*  which 
afterwarda  separate)  consist  of  ft!rricyanide  of  potassium  and  b&rium  ;  they  are  short 
liexiigt>rial  prisms, of  a  deep  red  colour,  and  pcrniaaeut  in  the  air.  (Laurent,  Compt. 
chim.  1849.  p.  324.) 

Fbjibictauidb  or  Sodium.  H'a*Fti*Cy"  +  2aq., prepared,  like  the  potamiom-saltt 
by  the  action  of  chlorine  on  the  ferrocyanide,  fomu  ruby-coloured  right  four-sided 
prisms,  which  deliquesce  when  exposed  to  the  air,  dissolve  in  6*3  pta.  of  cold,  and  1-25 
pta.  boiling  wuter.    (Kramer,  J-  Phann.  xv.  98  ;  Bette,  Ann,  Ch.  Pharm.  xxiii.  117.) 

Ferrici/anide  of  Sodium  and  Potaatium^  Na'E'Fe'Cy",  is  deposited  from  a 
mixture  of  the  solutions  of  ferricyanide  of  potassium  and  ferricyanide  of  sodium,  in 
fine  cubic  crystals  of  a  gurnet- red  colour.  The  solution  onoe  also  deposited  large  black- 
lirown  hydrated  crystala,  coiitoiuiug  6  at.  water,  and  having  the  form  of  hexagonal 
priams,  with  angles  of  120" ;  but  on  redissolving  them  in  water,  the  solation  yielded  the 
cubic  anhydroos  crystaJa.  The  iiydrated  cryatala  give  off  their  water  at  a  temperature 
aome  what  above  1  OiP  C^  decrepitating  and  falling  to  powder  at  the  same  time.  (L  a  a  r  e  a  t^ 
ioc.  cit,) 

Xri  troferrloyaii  Ides. 

NitroprusndfJt,  Kitropruuiatu.  (Play fair,  Phil,  Mag,  [3]  ixxvi  197,  271,  848. 
— Gerhardt,  Compt.cmm.  1860,  p.  147;  Traiti,  i  344. — Kyd,  Ann,  Ch. Pharm. kxiv. 
340.) — These  compounds,  discovered  by  Playfair  in  I860,  are  produced  by  tie  action  of 
nitric  acid  on  the  ferro-  or  ferri-cyanidea  of  the  alkali-metals,  or  by  that  of  nitric  oxide 
on  ferro-  or  ferri-cyamde  of  hydrogen.  Their  composition  is  not  yet  established  with 
certainty,  Playfair  represented  thera  by  the  general  formnla  AP.Ft*CY\yO^,  or 
M'_*.Fe*Cy"(^'0)*,  In  Avbich  the  cyanogen  ia  supposed  to  be  partly  replaced  by  nitrons 
oxide ;  but  the  formula  most  generally  receivedf  is  that  proposed  by  Gerhardt,  vix. 
M*.FeCy*(NO),  in  whirh  1  at,  cvanogen  in  FeCy*  is  supposed  to  be  replaced  by  nitric 
oxide,  Accorfling  to  this  formula,  the  formation  of  nitro-ferrieyanide  of  hydrogen  ly 
the  action  of  nitric  oxide  oxv  ferricyamde  of  hydrogen  ia  repnsented  by  the  eqoatioa, 

n*Fe»Cy«  +  NK)»  =  2H*FeCy»(N0)  +  2HCy. 

When  nitric  oxide  is  piissod  into  a  wurra  aqneous  solution  of  ffrroryanidf  of  hydrogen 
(or  of  ferrocyanide  of  potjwsium  mixed  with  a  sufficient  quantity  of  an  acid  to  convert 
It  intc  ferropniasic  acid),  the  gaa  is  rapidly  absorbed,— the  ferrocyanide  is  oonvertad 
into  ferricyanide: 

3H«FeCy»  +  NO  -  HTe'Cy'*  +  H»0  +  N, 

the  change  being  indicated  by  the  deep  blue  precipitate  which  the  liquid  then  eivca 
with  ferrous  8alLi,--ai.d  afterwards  the  ferrieyanide  ia  converted  into  nitroferricrwiide 
as  above,  the  hquid  gmjig,  with  ferrous  salts,  precipitates  of  a  paler  and  paler  colour 
and  ultamatcly  of  a  dear  salmon  tint.  It  then  contains  nitroferricyanide  of  favdroera 
(nitroprusMc  acid),  which  will  yield  the  nitroferricyanides  of  the  different  mSdJbr 
neutralisation.  "«i«ia  oj 

When  nitric  add  is  added  to  a  solution  of  ferrocyanide  of potaativm,  this  salt  is  ftrst 
converted  into  ferncyamde  by  abstraction  of  1  at  potassium  (p.  243),  and  the  nitric 
aeid  IS  at  the  same  tune  reduced  to  nitric  onMe,  which,  however,  does  not  eeeaee  as 
pw,  unless  the  action  is  very  violent,  but  is  employed  in  converting  the  ferricyanide 
into  nitrofurneyanulo  as  above.  The  action  is  accompanied  by  evolution  of  hydro, 
cyanic  acid  and  mtrogen.  as  shown  by  the  equations  above  given,  also  of  carbonic  acid, 

polMiium  vt  iodluro.  "«ip»«rMaui»«  oi  nKKutn.  umI  2  or  ;)  frnti.  aubotutt  of 
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ClfUMlMBi  txtd  tax  extremetj  pungent  Tapoor,  probably  cyanic  add,  those  latter  being 
•eoonaanr  products,  resultio^  from  the  action  of  the  nitric  acid  on  the  hydrocj&nie 
add. — [Respecting  the  formation  of  mtrofcrricjanides  from  the  so-called  niiro'tul' 
phmrrU  of  iron,  »ee  Roussin  (Ann,  Ch.  Phys.  [3]  lil  285).] 

Preparation.  —  The  mtrofemcYanidea  of  potaasiam  and  aodium  are  obtained  aa 
fbllowB :  422  gr.  (2  at,)  pulverised  ferrocyanide  of  potaaaiam  ia  mixed  with  o  at  com- 
BMrdal  nitric  acid  diluted  with  its  own  bulk  of  water  (the  atrengtb  being  determined 
b^  an  alkalimetric  proccm).  One<dfth  of  thia  qnaottty  (1  at)  of  add  is  actually  saffl- 
cicQt  to  tranafonn  the  farrocyanide  into  nitroferri(^amde,  bat  the  oae  of  the  laj^ger 
qaantity  is  found  to  give  the  beet  reanlta.  The  aad  is  poured  all  at  once  upon  the 
terrocyanide,  the  cold  produced  by  the  mixing  being  anfBcient  to  moderate  the  action. 
Tho  nuxtore  flnt  aaaamea  a  milln-  appmnuioe;  bat  after  a  little  while  the  aalt  dia- 
aolres,  forming  a  coffiae-coloured  aolutiou,  and  the  gaaaa  aboT^mentioned  are  disengaged 
in  abundance.  When  the  salt  id  completely  diaeolTed,  the  solntion  ia  found  to  contain 
ferricyanide  (red  pnufliate)  of  potaaeium,  mixed  with  nitroferricyamde  and  nitrate  of 
the  aame  base.  It  is  then  immediately  decanted  into  a  large  ^k,  and  heated  over 
the  water>bAth ;  it  continuea  to  evolve  gas,  and,  after  a  while,  no  longer  yields  a  dark 
bloe  predpitate  with  ferrotis  aaJta,  bat  a  dark  green  or  alate-coloured  procinitate.  It 
is  then  removed  from  the  Are,  aad  left  to  crystallise,  whereupon  it  Tieloa  a  large 
quantity  of  crystals  of  nitre,  and  more  or  less  of  oxamide.  The  strongly  coloared  mother- 
liquid  is  th^rn  neutralised  with  carbonate  of  potassium  or  sodium,  according  to  the  salt 
to  be  preporcij,  and  the  solution  is  boiled,  whereupon  it  generally  deposits  o  grt?en  or 
bvown  precipitiite,  which  mnst  be  Beparat*^!  by  mtration.  The  liqutd  then  oontaiiw 
nothing  but  nitroferhcyanide  and  nitrate  of  potasdnm  or  sodium.  The  nitrates  being 
the  Ivaat  solable,  arv  fLnct  crystal li^od  out ;  and  the  remaining  liquid,  on  farther  evapora- 
taoB,  yiilds  crystulB  of  the  nitrofrirricyanide.     The  sodinm-salt  crystAllises  most  easily. 

Th«  insoluble  nitroferricyanides,  those  of  iron,  copper,  silver,  xioc,  &c,  are  obtained 
by  precipitating  the  solution  of  the  potassium  or  sodium  salt,  with  solationa  of  the 
respectiTe  metals ;  and  the  ammoninm,  bariam,  calcium,  and  magnedom  salts,  which 
lire  adnble,  by  decomposing  the  iron  or  coppw  aalt  with  a  solution  of  caustic  ammonia^ 
barrta,  or  lime.     fPlayfair.) 

Properties  and  Hcactiont.  —  The  nitroferricyanides  are  ia  general  strongly  coloured. 
The  ammonium,  potassium,  sodium,  barium,  calcium,  and  lead  salts,  are  of  a  dark  red 
or  ruby  colour ;  they  dissolve  easily  in  water,  forming  red  solutions,  from  which  they 
an  not  prodpitatcd  by  alcohol  Tho  soluble  salts  crystAllise  with  facility.  The  copper, 
iron,  cobalt,  nickel,  zinc,  and  silver  salts,  are  nearly  or  quite  insoluble  in  water. 

The  following  are  the  most  characteristic  reactions  of  solable  nitroferricyanidet. 

With  the  Sulphides  of  the  Al- 

kali-metals     .        .        .  Splendid  but  transient  purple  colour. 

„     Snlphydrie  odd        .        .  Formation  of  pmasian  blae,  together  with  m  tvao- 

cyanide  and  a  peculiar  con^mund, 

„    Neotral  Lead-salts    .        .  No  change.. 

„     Basic  „  «        .  White  precipitate,  after  some  time,  from  atrong  Ab- 

lations. 

M     Hercuric  salta  ,        .        .No  change. 

M     SUnnous  and  Stannic  salts  No  change. 

„     Zinc-salts.        .        ,        .  Light  salmon  ^coloured  predpitatcb 

„     Cupric  salts      .         .         .  Light  green  precipitate. 

„     Cobalt-salts      .         .         .  Flesh-coloured  predpitato. 

„     Ferrous  suits     .        .         .  Salmon-coloured  predpitatai 

„     Ferric  salts       .        .        .No  chungc. 

„     Caustic  alkalis  .        .        .  Red  coloration,  changing  to  oninge. 

The  most  characteristic  reaction  of  the  nitroferricyanides  is  the  splendid  purpie 
eoIoBT  which  they  exhibit  with  aikaiinf.  suJphida  :  it  is  extremely  delicate,  and  serves 
to  dotaet  the  minutest  portion  either  of  a  sulphide  or  of  a  nitroferricyanide.  Oppen  hei  m 
(J.  pr.  Chem.  Ixxxi  306)  recommends  it  for  the  detection  of  Bmoll  quantities  of  free 
alkalis  or  alkaline  earths  in  solution,  a  few  bubbles  of  snlphydrie  acid  gas  being  passed 
thtot^h  the  liquitl,  and  then  a  few  drops  of  solntion  of  nitroferricy aside  of  sodtnm 
added  The  purple  colour  is  not*  however,  permanent,  the  compound  being  quiddy 
resolved  into  other  products,  including  hydrocyanic  acid,  ammonia,  nitrogen,  oxide  of 
iron,  a  ferrocyanidc,  a  sulphocyanat«,  and  perhaps  a  nitrate.  The  purple  compounds 
may  be  iaolated  by  operating  with  alcoholic  solutions ;  it  is  then  blue,  and  apprara  to 
b<»  simply  a  oomjpound  of  nitrofeoricyanide  and  sulphide. 

The  soluble  nitroferricyonidee  are  decomposed  by  ndpkydrie  eeid  gas,  yielding  oxide 
of  iron,  pmaaian  blue,  sulpbiir,  a  fexrocyanide,  and  a  peculiar  sulphai^compound. 
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The  nitroferricyanide«  are  decomposed  bj  boiling  with  alkalis,  jiclding  oadde  of  iron, 
free  nitrogen,  a  ferroojranido,  and  porhaps  a  nitrit«.  An  excew  of  amnumia  gradualij 
de<!onipoBefl  them,  evpQ  in  the  cold,  nitrci^n  being  erolred,  and  a  black  onoyatalliaabie 
ftnbHtaiioe  fluollj  remaining. 

NitroferricyanideM  ax«  not  Bennibly  affected  by  $ulphuroui  acid^  gulphitts,  or  Afpn* 
tulphitea :  but  they  are  decompowd  by  boiling  with  strong  mlphttric  acid,  the  liquid 
daring  the  decomposition  exhibiting  tbo  peculiar  purple  eolour  which  indicates  the 
presence  of  a  sulphide.  Chlorine  exerta  no  action  on  the  uitroferricyanidea.  iV«c«Ma 
Mm«  diBaolres  in  the  solutioiu  of  certain  nitrofcrricyanidce,  with  a  lioe  blue  coloor. 

Some  of  the  nitroferrioyaniiles  are  very  permanent,  their  eolutionfi  nndergoing  BO 
change  either  bv  exposure  to  the  aii,  or  by  the  action  of  heat.  Sereral,  on  the  contraij, 
wpeciaLllv  the  nitroferricranides  of  hydrogen,  ammonium,  barium,  and  caldom,  undergo 
ptftial  decomposition  when  their  solutions  are  long  kept,  and  rapid  alteration  when 
boiled,  depositing  prussiaD  blue  or  oxide  of  iron. 

Nitroftrricyanidt  of  Ammonium^  (NH*)*FeCY*(NO)  +  aq.,  is  reiy  unstabK 
depositing  pmssian  blue  when  boiled,  and  then  yielding  by  concentration  rhombic 
crystals  of  a  slightly  altered  ealt  Dominant  faces,  <»P  .  aofoo  .  Poo  .  oP.  Incli- 
oation  of   cdP  :  ooP  =  91°  56';  Poo  :  oopoo  in  the  mocrodiagonal  principal  section 

-  69=>  46'.     (M  i  1 1  e r :  see  BnyfaUt  Memoir.) 

yitroferricyantdeof  Barium^BiFt)Cj^(SO)  +  2wa.,  rrystnUiBes  in  vacuo  io 
fine  octahedral  crystals  of  a  dark  red  colour.  The  ciystals  belong  to  the  dimetne 
syfltem,  exhibiting  the  dominant  fuces  P  .  oP  .  oePoo .  Inclination  of  P  :  P  in  the 
terminal  ed^  -  120°  30  ;  P  :  oP  -  lafio  25'  (Miller).  Concentrated  solutions 
Bi->metimes  yield  flattened  prisnas  which  appear  to  be  another  hydrate.  This  aSilt  ia  ray 
soluble  in  wafer;  the  solution  when  boiled  deposits  a  brown  precipitate.  The  czystal- 
lised  salt  dried  in  vacuo  gires  off  from  14-9  to  16-2  p.  c  water  at  100*'  C. 

Ifitroferrict/nnide  of  Caleiitm,  CaFeCy»(NO)  +  x  aq.,  forms  shining  dark 
red  iQOnocltnic  prisms,  with  the  dominant  fnc«i  odP  .  ooPoo  .  oP.  Inelinatinn  m 
odPoo  :oP  s  82°;  cnP  :  ooP  in  the ortbodiagonal principal  section  =  140^.  (Mitler.)> 

The  copper-talt  is  a  pale  green  precipitate  insoluble  in  water,  and  acquiring  a  alatt 
colour  when  exposed  to  light  in  the  moist  state. 

Jfitroftrrictjanide  of  Hydrogen  at  Nitropnusie  flctd, H'FeCy'^KO)  +  aq,,is 
obtained  by  decomposiD^  the  silTer-salt  with  an  equivalent  quantity  of  hydrochloric 
acid,  or  the  barium-salt  witb  an  equivalent  quantity  of  sulphuric  acid.  The  red  strongly 
acid  solution  yields,  by  eraporation  in  vacuo,  dark  red,  very  deliquescent,  obliqno  priROA, 
part  of  the  acid,  however,  decomposing  at  the  same  time,  with  formation  of  hydrocyanii 
add  and  oxide  of  iron.     The  aqueous  solutiou  is  not  precipitated  by  other. 

Nitr^ferricyaniie  of  Iron  {ftrrout)  is  a  sabnoa-ooloured  predpitate,  nearlj 
inaoluble  in  pure  water,  more  soluble  in  water  acidulated  with  nitric  acid.  It  is  de 
composed  by  cauAtic  alkalis,  with  separatiou  of  oxide  of  iron  and  formation  of  a  soluble 
nitroferricyanide,  a  dark-coloured  basic  iron-salt  being,  however,  formtsl  previous  to 
complete  decompoMitioD.  After  dijiDg  at  32°  C.  it  loses  about  20  per  eent  mors 
WtttfiT  when  heated  to  100°. 

JfitrofefricyaniJe  f>f  Potaaftunu,  K*FeCy*(NO),  forms  dark  red  obhqae 
prisms,  more  soluble  tlian  the  aodium-siilt,  and  less  easy  to  crystjtUise.  The  rrystals 
are  monocliDie.  Dominant  faces  qbP  .  [  ooPce  ]  .  _P  .  _p»j  .  [JP«].  Inclimition 
of   obP:  [  ooPx]  »  130*  14';   -P  :  [oopaol  =  125°   55";    -Poo    :  princii.al  axis 

—  57°  fifl".    The  salt  is  very  deliquescent,  and  acquires  a  faint  green  tint  wlten  ex- 
posed to  U^bt     Its  solution  after  a  wTiile  deposits  pnusian  blue. 

On  mixing  the  aqueous  solution  of  thia  «ilt  witlj  twice  its  volume  of  alcohol,  and 
then  adding  caustic  potash,  a  light  yellow  curdy  precipitate  ii  fixtned,  consisting  of  a 
basic  salt,  K»FeCy»(N0).2KH0. 

Nitroftrricyanidf  of  Silver,  Ag*FeCy»(NO),  ia  a  flesh-coloored  predpiUt*,  in- 
soluble in  water,  alcohol,  and  nitric  acid. 

Nilrnftrricyanidf  of  Sodium,  Na*FeCy*(NO) -f  2  aq.,  is  prepared  as  de«rib«d 

on  page  251.     The  dark  red  solution  which  remaina  after  the  nitrates  of  potaaaiam 

'       ''       '  '  ''      '  "    '  '"ttion.  prismatic  crystals,  which  must 

\  left  to  crystalliKe  by  cooling.     The 

'-*■'*•  I n  them  free  ftom  nitrata, 

whic*^  ,.. 

-iderable  reflemblaoee  to 

:n  r,n«ulii*<  d  from  an  aikalijitt  uolution.     The  salt  is  not  deh*. 

*  water  at  Ifi*  C.,  and  in  a  nnaller  quantity  of  hot  watsz. 
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The  eijwUla  belong  to  the  Crimetric  ayntem.  Domiimnt  i 
f^oB  tPoD.  locUnatioii  of  odP:  odP  a  105°  17';  ^»  :P<»  in  the  bnoh^dio^iuil  prio- 
cip«l  Motion  ■>  136°  32';  I*ao  :  Poo  in  the  mAx^rodiagoQaJ  priiiCipoI  section  —  121°  £2*. 
(Miller.) 

A  solatioQ  of  the  salt  exposed  to  BUOBhine  becomes  coloured,  depoaitx  prussian  blo^ 
•ad  gJTc*  off  nitric  oxide.    (Orerbock,  Fogg.  Amu  Ixxxi'ii.  110.) 

OTAirXOB  or  UBAB.  Hydrocyanic  Hcid  does  not  prcdpitate  either  the  nitrate, 
the  neutral  accUte,  or  the  basic  acetate  of  Irad.  Cyanide  of  ammonium  forms  with 
the  nentnU  aeetate  a  slight  ^'pllowi«h  precipitat4>. 

Oxjfcyanidt  of  Lead.  On  mixing  a  tolution  of  basic  amtate  of  lead  with  ammonia, 
and  then  adding  bjrdrocyanic  add.  a  white  precipitate  is  formed,  containing 
PbCy*.PbHK)*,  aecomling  tn  Knglor  (Ann.  Ch.  Phiinn.  Uvi.  63),— who««  formula 
doe*  not,  howerer,  agrt*  well  with  bis  annlyiiik.— and  PbCy».2PbO,  according  to 
Erlenm*yer  (J.  pr,  Chero.  xlviii.  356). 

c:YAirZDB  or  MAOVSSZXrM*  Soluble  salt  produced  by  dissolring  recenUj 
preoi|.itn,t«d  toogneaia  in  bydrocyatiic  acid.  It  is  decomposed  bj  the  carbonic  acid  of 
the  ftif. 

CTAVZSliS  or  MAirOAlTESS.    (Rammeleberg,  Poge.  Ann.  xlii.  117 

Haidlca  and  FrcBcnius,  Auil  Ch.  Fharm.  xliiL  132. — Balai^  Compt,  rend.  xix. 
900.) — Cyanide  of  potaseiom  forme  with  manganous  salts  a  balky  reddisn-wbite  pre- 
cipitate, which  qnickly  turns  brown  in  contact  with  the  air.  It  is  decomposed  by 
vtrong  acids,  and  dissolTes  in  alkaline  crvanides,  the  aolutione  «'hen  exposed  to  the  air 
being  conrerted  into  manganicyaoidefl,E<Mn*Cy'*,  salts  analogous  in  coropoeition 
to  the  ferricyauides. 

Manganicyanide  q/'pofawst'uCT,  K*Mn*Cj",  obtained  in  this  manner,  form.'j  brown-red 
anhydrooa  needles,  itomorphous  with  the  ferricyanide.  In  contact  with  the  air 
the  ezyatals  turn  brown^  and  their  aqueoiia  solution  becomes  turbid  and  (gradually 
deposits  the  manganese  in  the  form  of  a  black  hydrate,  the  decomposition  being  ac> 
ceierated  by  di«solrin^  and  evaporating  several  times.  Adda  decompose  the  salt, 
alioiinating  hydrocyanic  add.  Alkalis  do  not  act  npon  it  Sulphide  of  ammonium 
elowly  precipitates  a  portion  of  the  manganese.  The  cryetala  are  decomposed  by  water 
and  by  alcohol,  so  that  it  is  necessary  to  dissolve  them  in  cyanide  of  potassium. 
The  solution  gives,  with  various  metallic  salts,  predpitates  of  analogous  composition, 
and  for  the  most  plart  easily  decomixMjible,  The  precipitate  formed  with/erreiti  talU 
has  a  cobalt-blue  colour ;  thojie  with  tine  and  cadmium  salts  are  rose-coloured;  with 
ttad-nhM,  brown ;  with  n'/cier-BalLti  firom  neutral  solutions,  yellowish-brown ;  in  presence 
of  fipee  add,  scarlet,  but  becoming  brown  by  washing. 

CTAJrzSB  or  nCBKCXIlLT.  HgCy  or  Hg^Cy*,  according  as  merrory  is  regarded 
as  monutoniic  (^  lOuj  or  fiittUJmic(««  2(H)>  This  salt,  dScovered  by  Scheclo 
{Optiseuia,  ii  169)  is  obtained  by  the  action  of  mercuric  sulphate  on  ferrocyanide  of 

Entassium,  or  of  mercuric  oxide  on  hydrocyanic  add,  or  of  the  same  oxide  on  pruAsian 
lu«  (p.  228). —  1.  One  part  of  ferrocyanide  of  potassium  is  boiler!  for  a  c)iurtcr  of  an 
hour  with  2  pt«.  mercuric  sulphate  and  8  pts.  water ;  the  deposit  is  separated  by 
filtration,  and  the  liquid  evaporated  to  the  crystallising  point  (Pesfosses,  J.  Chim. 
m^  vi.  261).  Theoretically,  100  pts.  ferrocyanide  require  246  pts.  mercorie  sulphate, 
•ad  yield  179  pts.  mercuric  cyunide : 

2K*FeCy«  +  7Hg^S0'  =  6Hg"Cy'  +  4K'S0*  +  (Fo»)".3SO«  +  Hg. 

2.  "Mercuric  oxide  is  digested  with  dilute  hydrocyanic  acid,  till  the  odour  of  the  acid 
is  no  longer  perceptible,  and  the  solution  is  left  to  evaporate. — 3.  Four  pts.  pulverised 
pntssian  blue  ana  3  pta.  mercuric  oxide  are  boiled  with  40  pts.  water ;  the  liquid  is 
flltered  as  soon  ss  the  solid  matter  has  acquired  a  light  brown  colour ;  the  residue  is 
boiled  with  a  fresh  quantity  of  water;  the  second  Strste  added  to  the  former;  and 
the  whole  evaporated  to  the  cr}-stalliBuig  point. 

Cyanide  of  mercury  crystaUifos  in  forms  belonging  to  the  diraetric  system,  colourless, 
tnuuparont,  permanent  in  the  air,  having  a  nauseous  metallic  taste,  and  very  poisonous. 
They  are  anhydrous.  The  salt  dissolves  in  8  pts.  of  cold  water;  it  is  less  soluble  in 
hydrafed  alcohol,  quite  insolnWe  in  absolute  alcohoL 

For  the  primary-  form  P,  the  length  of  the  prindpiU  axis  is  0'4696.  The  angle  P :  P 
in  the  tprminal  e^ges  =  134*=  40* ;  in  the  lateral  edges  66°  2'.  P  is  for  the  most  part 
ppheno'idically  hcmihedral,  and  th"?  character  of  the  crystalfl  Tsries  considerably, 
according  to  the  manner  in  which  they  arc  obtained.  By  fipontaneons  ersporation, 
quadratic  Kphenoids  (p.  136),  are  often  obtained,  either  perfectly  developed,  or  having 
their  lateral  edges  truncated  by  the  faces  ocPeo  as  in  ^/.  368.  By  rapid  cooling 
pfianAtie  erystsls  sre  produced,  in  which  the  iaoe  aoFco  pretlominatcs  {^i.  M6,  366i 
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In  jig,  365,  Che  pritm  o»Fao  ii  bevdied  by  the  &cee  ^>  whidi  are  set  altenuitilj^  oa 

the  prismatiie  edges  above  and  bdov.     In  fig.  366,  the  prism  exhibita  an  ofaSiqpe 

^.  36&  ^.  S66. 
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tenninatiofn,  one  only  of  the  two  trpper  fiues  -s  bdng  distinetlv  formed,  while  the 

other  is  either  yeiy  snboidlnate  or  not  poresent  at  all :  on  the  other  hand,  two  fJMes  aie 
present  belon^jnff  to  the  pyramid  2Pao  (the  next  acuter  to  the  primarr  form  F]) ;  thej 
rest  Bymmetncalfy  on  the  prismatic  focee  obFoo,  and  the  temunal  edge  in  which  two 

p 
of  them  wonld  meet  is  tmncated  bythe  foces  ^. 

A  solution  of  the  salt  dowly  braporated  oftoi  yields  crystals  of  different  farm 

{.fig-  367),  with  focesof  the  sphenoid  ~  resting  alternately  on  the  edges  of  the  prism 

ooFoo ,  and  faces  of  the  pjramid  2Fao  (of  which,  howerer,  only  fonr  are  present)  rest- 
ing on  the  fooBS  of  the  same  prism.  The  two  upper  (and  Ukewise  the  two  lower)  ftoes 
SFoo  are  separated  firom  one  another  by  oF  and  by  two  fooes  of  an  obtoser  pyramid  of 


Fig.  367. 
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the  second  order,  which  are  rendered  dull  by  deep  striation,  and  likewise  rounded,  bo 
that  they  cannot  be  accurately  determined,  but  appear  to  belong  to  Foo .  More  fre- 
quently, however,  the  crystals  obtained  by  slow  evaporation  have  the  form  shown 

in  fig.  368,  ^e  faces  -^  predominating,  their  lateral  edges  truncated  by  ooFos ,  and  each 

terminal  edge  replaced  by  oF  and  by  two  foces  of  the  pyramid  of  the  second  order, 
which  is  probably  Foo .     {Kopj^a  Rrj/ataUographie,  p.  160.) 

Deeontporitiora.—l.  Cyanide  of  mercury  when  heated,  turns  black,  softens,  and 
yields,  if  perfectly  dry,  nothing  but  cyan<^n  gas  and  mercury ;  part  of  the  cyanogen 
u,  however,  converted  into  the  isomeric  compound,  paracyanogen,  which  remains  in  the 
form  of  a  black,  very  light,  coaly  mass,  the  quantity  thus  altered  being  greater  as  the 
heat  is  stronger;  at  the  same  time,  a  small  quantity  of  cyanide  of  mercury  sublimes 
nndecomposed.  If  the  qranide  of  mercury  is  moist,  it  yields  carbonic  add,  ammonia, 
hydrocyanic  add,  and  mercury.    (Gay-Lussac^ 

2.  Ihy  cyanide  of  mercury  is  not  decomposed  oy  dry  chlorine  gaa  in  the  dark;  but 
in  strong  sunshine  it  undei^goes  deoompodtion,  emitting  the  odour  of  chloride  of 
cyanogen  (Oay-LussacX  and  m  ten  days,  yields  protochlonde  of  mercury  and  a  yeEow 
oily  liquid  (Sernllas,  Ann.  Ch.  Fhys.  zzxv.  293). — Cyanide  of  mercury  ej^xised  in 
the  moist  state  to  chlorine  gas,  is  converted  in^e  dark  into  protochloride  of  mercury 
and  volatile  chloride  of  cyanogen  (Serull  as) : 

Hg-Cy*  +  CV  -  Hg-Cl*  +  2CyCL 


CYANIDE  OF  MEKCURY. 


22o 


Bat  in  stronff  ranobiae  —  its  U>Tnperature  rising  to  30°  or  40°  C— it  jrieldi  nl-tmino- 
niac,  protochlorido  of  mercury,  tbo  nbove-nientioaeU  yelloT  oii,  a  mull  qmuitity  of 
▼olatue  chloride  of  cyanogen,  and  a  trace  of  carbonic  «<:id.  If  the  qraaido  of  mercary 
is  ooroplcteiy  diaaolved  in  water,  chlorine  in  sonahine  ptodnoM  a  1a^  quantity  of  the 
▼eUow  oil  and  a  small  quantity  of  volatile  chloride  of  cyaoogea  (SerallaB).  Accord- 
ing to  Bonis  (Ann.  Ch.  Fbyct.  [3]  xx.  446;  Jahreaber.  d.  Cbexo.  1847— S,  486;,  a 
hot  nturated  solution  of  (r^aoide  of  mercury  treated  with  excea  of  chlorine  in  sun. 
■hine,  is  converted  into  chloride  of  mercury,  hydrochloric  acid,  and  aol'junmoniac, 
which  remain  diaflolved  in  the  water,  together  with  chloride  of  cyanogen,  carbonic 
add,  and  nitrogen,  which  escape^  and  »  yellow,  oily  liquid,  to  which  Boms  assigns  the 
formola  CN*C1'*.  A  miztnra  of  the  aqaeous  eolations  of  cyanide  of  mercury  and 
eitoruU  of  lime,  which  is  clear  at  first,  begins  in  a  few  minutes  to  emit  white  fumes, 
fAaresdng  violently  and  giving  off  nitrogen,  carbonic  acid,  and  a  small  quantity  of 
nraoogen;  neither  cyanic  nor  cyanuric  acid  is  prodnced  in  this  reaction  (Liebig, 
Pogg.  Ann.  XV.  57 1).— 3.  Bromine  at  medium  temDeratnres  decomposes  cvanide  of 
mercury,  with  gr«at  evolution  of  heat,  yielding  protobromide  of  mereury  and  bromide 
of  cyanogen  (Serutlas,  Ann.  Ch.  Fhys.  xxxi.  100). — 4.  Iodine,  oven  when  triturated 
cold  with  cyanide  of  mercuiy,  yields  protiodide  of  mercury  and  iodide  of  cyanogen. 
(H.  Davy,  Porrett.) 

6.  When  cyanide  of  mercury  is  distilled  with  |  of  its  weight  of  sulphur,  the  mass 
foaea,  gives  off  nitrogen,  cyanogen,  and  vapour  of  sulphide  of  c&rboo :  then  becomes 
Tiadd,  swells  up,  and  leaves  a  black  mass  insoluble  in  water ;  and  this,  when  further 
heated,  yields  nitrogen,  cyanogsn,  sulphide  of  carbon,  and  cinnab^ir,  while  light  yellow 
mercnrous  suIphoqr>nate  remains,  wnich  at  a  higher  temperature  partly  sublimes  in 
the  form  of  a  yellow,  sometimes  translucent,  crystalline  mass,  but  is  for  the  most  part 
zcaolved  into  cyasogeo  gas  wad  dnnabar  (Berzelias), — 6.  Cyanide  of  mercury,  gently 
heated  with  phi>tpn<fni*t  yields  a  white  sublimate,  perhaps  a  cyanide  of  phos'- 
phorus,  having  a  pungent  odour,  and  decomposed  by  water  into  phosphoric  and  hy- 
arocyanic  adds.  The  preparation  of  this  substance  is  very  difficult,  generally  giving  rise 
to  a  violent  explosion.     (Cenedella,  J.  Pharm.  xri,  683.) 

7.  Cyanide  of  mercury  is  decomposed  when  heated  with  strong  nUphuric  aeid,  not 
by  dilute  sulphuric  or  by  nitric  add.  With  hydrochloric,  hydrobr^ymic,  hydriodic,  and 
tvlphydrur  acidi,  it  yields  hydrocyatdc  odd  and  a  mercuric  compound  of  the  raidide 
of  the  add.  An  excess  of  hydrochioric  add,  aided  by  heat,  may,  however,  decompose 
the  resulting  hydrocyanic  acid  into  ammonia  and  formic  add,  in  which  case  the  residue 
will  consist  of  mercuric  chloride  and  sal-ammoniac, 

8.  CSranide  of  mercuiy  heated  with  so^ainmontac  yields  cyanide  ofammoninm  and 
mercunc  chloride,  which  unites  with  the  aal-amzooniac  if  the  latter  is  in  excess.— 9.  With 
solution  of  Miannoua  chJoridr,  it  yidds  hydrocyanic  add,  and  a  blade  mixture  of  staimic 
oxide  and  mercury. — 10,  When  shaken  up  with  iron  filings  and  dilute  sulphuric  add,  it 
yields  hydrocyanic  acid,  metallic  mercury,  and  ferrous  *u}phate.—\l.  With  aqneous 
trittdfkidt  o/fotOMium,  it  yidds  mercunc  sulphide  and  sulpbocyanate  of  potaMiiUD : 

Hg"Cy«  +  K»S»  =  Hg  "S  +  2KCyS. 

Aqaeous  aUcaUa  do  not  decompose  cyanide  of  mercury,  even  at  the  boihng  heat. 

Oombinationa.  a.  With  Mercuric  oxide. — Warm  aqaeous  cyanide  of  mercury  dis- 
Ktlrw  ft  large  quantity  of  mercuric  oxide,  forming  an  alkaline  solution,  which  deposits 
•maU  needleaofoxy cyanide  of  mercury,  Hg"Cy'.Hg''0,  or  (Hg")'.Cy'0.  sparingly 
soluble  in  cold,  moderately  soluble  in  boiling  water,  sparingly  in  bydrated  alcohoL 

A.  With  SatU. — Cyanide  of  mercury  combines  with  a  largo  number  of  salts,  forming 
definite,  soluble,  crystalline  compounds,  which  are  obtained  by  evaporating  the  mixtsi 
solutions  of  the  component  salts.  The  greate*  number  of  tliem  contain  1  at.  Hg"Cy' 
(or  2  at.  Hg'Cy),  to  1  at.  of  the  other  salt,  and  these  may  likewise  be  obtained  by  dis- 
solving 1  at  mercuric  chloride,  iodide,  &&,  in  a  solution  of  potasaie-mercnric,  sodio- 
mercorie  cyanide,  &&  For  this  reason  Oeuther  (Ann.  Ch.  Fhann.  evi  241)  regards 
them  as  compounds  of  merctmo  chloride,  iodide,  &c:,  with  double  cyaniaea,  e.g., 
2(H|j"Cy*.KCl)  -  K'Hg"Cy'.Hg''a».  The  latter  view  receives  some  support  from  the 
fact  that  these  double  salts  are  decomposed  by  the  weaker  adds,  such  as  arsenions  and 
benzoic  sdd,  with  evolution  of  pmssic  add,  whereas  cyanide  of  mercoiy  itself  is  not  de- 
compoeeri  by  weak  adds.  The  doable  salts  of  cyanide  of  mercury  have  been  investigated 
ehieflvby  Brett  (PhiL  Mag.  m  xii.  236);  Poggiale  (Compt  read.  Txili  762); 
Caillot  (Ann.  Ch.  Fhys.  |3]  xix.  230);  Custer  (Arch.  Pharm.  [2]  Ivi.  1);  Ram- 
melsberg  (Pogg.  Ann.  ilii.  131;  Ixxxv.  145);  Darby  (Chem.  Soc  Qn.  J.  I  23); 
L.  Omelin  {Handhook,  viiL  17). 

1    ^i'Ck  Acttate  of  Sodium : 

HgOy^2CH'NsO  -i-  7  aq.    Once  obtained  from  the  motha>>Uqaor  of  a  toltttioD  of  tho 
two  salts.    (Custer.) 
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2.  With  Bromides : 

HgCy'.KBr.    Nucreoua  sciiles  Bolublo  in  13'4  pts,  water  18**  C,  and  io  lera  than  I  pt 

boiling  water.     (Caillot,  BretL) 
HgCy*.NaBr.    Long  flsCteniyl  noddies,  very  solublo  in  water. 

3HgCy*.6«iBr'  -t-  Gaq,  Square  tables  with  a  strong  lustre,  and  very  soluble.  (Caillot.) 
2HgCy*.SrBi*  +  6aq.     Rhombic  tablets,  affloreftcent  and  soluble.     (CAillot.) 
2HgC^*.CaBr' -f  6aq.     Very  soluble  in  water  and  in  alcohol.    (Custor.) 

3.  With  CMoridef : 

HgCj'.NH^CL    Silky  needles,  soluble  in  water  and  in  alcohol.     HgCy*.4NH<Cl.    Tri- 
angular laminsB  which  separate  from  the  solution  of  the  preceding  salt 
HgOy'.KCl.     Colourless  scales,  soluble  in  water  and  in  alcohol.     (L.  Gmelin.) 
HgCy^NaCl.     Silky  flattened  needles,  soluble  in  wa^er  and  in   alcohol.     (Brett, 

Poggiale.) 
2Hgt.y\BttCl'  +  4aq.     Oblique  prisms,  very  soluble  and  efflorescent.     (Brett.) 
2HgCy».SrCl»  +  esq.     Silky,  very  soluble  needles.     (Brett,  Poggiale.) 
2HgGy'.CaCl'  +  6iiq.     Efflorescent,  very  soluble  needlfs,     (Brett.  Foggialeu) 
SHgCyMtfgCl'  +  6ftq.     Needles  rery  soluble  and   slightly  deliquescent.     (Brett, 

Poggiale.) 
2HgCy*.MDCl'  -t-  |aq.     Four-sided  prisms,  very  soluble.     (Poggiale.) 
2HgC^'.ZnCl'  +  3aq.    Right  prisms,  efflorescent  and  soluble  in  water.    (Poggiale.) 
HgC'y*.2CoCl*  +  4aq.     Rcddieh-yellow  mammoUstod  groups.     (Poggiale.) 
HgCyVNiCl'  +  6sq.     Greenish  blue,  deliquescent.     (Poggiivle.) 
HgCy*.EgGl'.    Four-sided  prisms,  permanent  in  the  air.     (Liobig,  Schw.  J.  xlix. 
263.-Poggiale.) 

Stannic  eJdoride  appears  also  to  unite  with  cyanide  of  mercury,  forming  a  confosedl^ 
(o-yswlline  compound.     Stannous  ckloridt  decomposes  cyanide  of  mercury  (p.  26&). 

4.  With  Chromates: 

iEgCf^.K*CrO*.  Large  laminip  of  a  light  yellow  colonr,  veiy  soluble  (Fogffials, 
Caillot  and  Poderin).  It  is  obtained  either  by  mixing  the  solutions  of  eqtia] 
parts  of  cyanide  of  mercury  and  neutral  chrom&te  of  potassium  (Caillot  and 
rodevin,  J.  Pharm.  xi.  246),  or  by  boiling  basic  mercuric  chromate  for  some  tirao 
with  an  equivalmt  quantity  of  potju=sio-mf>rcTtric  cyanide  fGenther,  Ann.  Cb. 
Phann.  cti.  241).— Another  salt,  3HgCy*.2K«CrO*.  is  obtained  by  mixing  the  solu- 
tions  of  1  pt.  chromate  of  potassium  and  3  pts.  cyanide  of  mercury,  and  leaving  the 
mixed  solution  to  eraporute.  it  then  yields,  first  crystals  of  cyanide  of  mercunr, 
then  red  crystals  of  the  double  salt  If  only  2  pts  of  mercuric  cyanide  are  used  tc 
1  pt  chromate,  the  first  deposit  of  mercuric  cyanide  is  but  of  small  amount, 
(Darby,  Rammelsberg.) 

2HgOy'.Ag»CrO».  CrO*.  or  2H?rv».(AK»0.2CrO«).  is  obtained  in  splendid  r«d  needlea 
by  mixing  fhe  solution  of  the  preceding  salt  with  nitrate  of  silver,  as  long  as  a  pn>ci« 
pitate  continues  to  form,  then  heating  the  liquid  nearly  to  the  boiling  point,  add- 
ing snffidcnt  nitric  acid  to  dissolve  the  whole,  and  leaving  the  solution  to  cool 
(Darby.) 

5.  With  Cyanidta: 

HgCV-SKCy  =  K*Hg"Cy*,  forma  regular  octahwirons,  cobtirleK,  penument  in  the  air, 
Bolable  in  cold  water.     (L.  Gmelin.) 

3HgCy'.K*FeK;y«  +  4ftq,  =  K*(IIg'')»Fe«Cy»  +  4ftq.    Pale  yellow,  rhombic  tables, 
obtained  by  agitating  a  modfmtcly  concentrated  solution  of  ferricyanide  of  potas- 
Bium  with  metallic  mercriry  ;  a  precipit^ite  of  ferric  oxide  w  first  formed,  mixed  with 
mercury,  and  the  yellovrish  filtrate  yields  the  double  salt  by  evaporation. 
Cyanide  of  mercurif  and  eodium  crystalHsea  in  octahedrons.     Ctfonid*  of  fMrenry 

and  lino  is  obtained  aa  a  white  precipitate  on  adding  a  sine-salt  to  the  solation  of 

cyanide  of  mercury  uid  potassium.     The  corresponding  teud-comfound  is  a  white  pre* 

cipitate  obtained  in  like  manner. 

6.  Witii  Formates : 
HgCy'.2CH(NH«)0*  forms  triangular  prisms.     (Poggiale.) 
HgCy*.2CHK0*  forms  shining  scales.     (Winekler,  Eepert.  Phann.  xxxL  469.) 

7.  With  Ht/poaxdpMta  : 
2HgCy'.K*S'0».    Large  prisms,  obtained  by  concentrating  in  racno  the  mother-liqnor 

of  the  solution  of  the  two  salts  in  equivalent  quantities.     (Kessler,  Poec.  Ang 
Ixxiv.  274.) 

8.  With  Todida: 

Hg<^'*.KI  forms  colourless,  nacreons,  soluble  prisms.    (Caillot.) 
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BcOy'.NiJ  •¥  Saq.  Silky  primns.TBij  loluble  in  water  nnil  in  Mcoliol,  (^pving  oiT their 
wmtor  of  CTTttaUisaHon  »t  100"  0.  Mineral  ocidn  dL-compoee  tliein,  precipitating 
mercoric  iodide  und  crohnng  hydrocyanic  iu:id.     (C uater.) 

3HgCy*.B«I*  4  4aq.    Square  table*.    (Custer.) 

IHg^.SrI«  +  (Uq.     Square  table*.     (Cuf  Iftr.) 

SHgCy*.CaI<  4-  6aq.     Very  soluble  sillcy  tuft*.    (Poggiale.) 

9.  With  Hitratt* : 

IlgCy'J^NO'  -f  2aq.     Obtained  by  mixing  mermric  nitrate  with  equivalent  qoao- 
titiM  of  ora&idfl  of  lilrer  and  cyanide  of  mercury.     It  forma  long  elender  ne«dles, 
which  molt  ab<nre  100°C..  and  then  detonate.     (Geuther.) 
Cyanide  of  mercury  forms  with  mercuric  nUrattt  a  eomponnd  which  ciyatalliMB  is 

Bacreoofl  icalea  or  colourless  prisms. 

10.  With  SuiphaUt: 

2UgGy'j|g*S0*  •*■  aq.  Colourl^a  oystala  obtained  like  tlie  corresponding  oitrnt^ 
compound.    (Qeuther.) 

1 1.  With  Sulphnct/anaUB  : 

HgCy*.4KCyS,  Obtained,  by  crystallising  the  two  salts  together,  in  larj^  laminse  or 
needles,  colourieaa,  apariogly  aolublo  in  cold,  very  soluble  in  boiling  water.  (Bock> 
mann.) 

BgCy'.2BaCy*S*.    Nacreous  scales.    (Bock mann,  Ann.  Ch.  Fharm.  xxli.  16S.) 

HgCy*.2CaCy*S».     Shining  scales.    (Bockmann.) 

The  moffnaiufti-^t  is  a  white  crystalline  powder.     (Bockmann.) 

Cyanide  of  mercury  also  forms  definite  compounds  with  afialotds.  (See  the  sereral 
AuuxoiDfl.) 

CTAMTOm  OF  MXTHTX.  ActtonUrile.  C'B^  =-  CH».CN  -  CH'.Cy.— Thia 
cnrnpouud  is  obtained :  1.  liy  <liKtilIin|r  dry  sulphomethvlate  of  potflssium  with  cyanide 
of  potassium,  adding  chloride  of  calcium  to  the  diKtillute,  and  distilling  again  at  a 
gentle  beat  The  irroduct  is  contaminatwl  with  hydrocj-anic  acid  (Frankland  and 
Kolba,  Chem.  Soc.  Mem.  iii.  386;  Ann.  Ch.  Pharm.  Ixv.  288).— 2.  By  the  action  of 
eyaoide  of  p>ota£9iaffl  on  sulphate  of  methyl.  The  product  ia  contaminated  with 
cyanide  and  formata  of  amnionium ;  the  latter  impurity  imparts  to  the  product  an 
iutolemble  taste  and  odour,  and  a  higtily  poisonous  action ;  it  may  be  removed  by 
boiliog  with  mercuric  oxide  and  then  with  phosphoric  anhydride  (D  u  ni  u  «,  M  a  1  a  ^  u  1 1, 
Mid  Leblanc,  Compt  rend.  xxt.  474)- — 3.  By  diBtJlling  a  mixturo  of  phosphoric 
Anhydride  and  crybtiiUised  acetate  of  ammonium : 

C»j^O«  •  CH^  +  2H»0. 

The  product  ia  purified  by  digestion  with  a  saturated  solution  of  chloride  of  calcium 
and  rectification  over  solid  chloride  of  calcium  and  magnesium  fBumas,  Compt.  rend. 
xxxT.  383). — 4.  By  distiUing  acetamide  with  phosphorie  anhydride,  washing  the  di»> 
tiUate  with  potash  to  remoT«  hydnwyanic  and  acetic  acids,  and  rectifying  over  phos- 
phoric anhyoriJe  (Buekton  and  Hofraann,  Chem.  Soc.  Qo.  J.  ix.  242). —  6.  Cyanide 
of  methyl  is  found,  t43gether  with  the  cyanides  of  ethyl  and  tetiyl,  among  the  pro- 
ducts of  the  oxidation  of  gelatin  by  a  mixture  of  acid  chromate  of  potassium  and  »ul- 
phorie  acid.  Legumin  treated  in  like  manner  appears  aJso  to  yield  a  small  quantity 
of  it     (Frohdc,  J.  pr.  Chem.  Ixiii.  303.) 

Cyanide  of  methyl  is  a  colourless  liquid,  which  boils  at  77*' C.  (Dumas),  between 
77°  and  78°  (Buekton  and  Hofmann),  and  mixes  in  aU  proportions  with  water. 
VapouTHlensity  by  experiment  =  1-45,  by  calculstion  (2  vol)  =  1-42.  It  has  an 
ethereal  odour,  somewhat  like  that  of  cyanogen,  and  a  rather  pungent  aromatic  taste ; 
bums  with  a  bripht  reddwh-bordew^d  flame.     (Buekton  and  Hofmann.) 

Boiled  with  aqueous  potash,  it  gives  off  ammonia  and  forms  acetate  of  potassium. 
Chronvu  add  and  boiling  nitric  acid  hare  no  ao'ion  upon  it  Potassium  acta  violently 
ttpoo  it  ercn  in  the  cold,  cyanide  of  potassium  being  formed,  with  tw  of  temperature, 
and  a  combustible  gas  evolTcd  consurting  of  free  hydrogen  and  carburet  ted  hydrogen 
(Dumas).  Heuited  with,  fuming  tulphuru:  acid,  it  yields  disulphomethohc  acid  and 
sulphacetic  acids : 


k 


C*H*N  +  3H'S0' 


C^ffN  +  2H»S0*  + 


VoL.lL 


=  CH'SK)'  +  NH'.H.SO*  +  CO', 

D)>u1phorne>      Acid  »ulpli«t« 
tholicacid.      of  amnion lum. 

H-0  -  CH'0«.SO*  +  NH*.H.aO*. 

Sulphaceiic 
•eld. 

S 


CTANroE  OF  NICKEL —CYANIDE  OF  NITROGEN, 

The  FeUtire  quantities  in  which  these  two  acids  are  formed  depends  upon  the  tempe* 
nture.  If  the  matttriaig  are  mixed  so  sm  to  aroid  hentitig  lu  tuoi-h  as  pomible.  ecuntelr 
A&j  carbonic  uihydnde  is  evolred,  and  tho  chief  product  is  s ulphac«tic  acid ;  but  if 
the  temperature  be  considerably  raised,  earbooic  anhydnda  is  rapidlj  erolred  and  di> 
sulphometbolic  acid  ia  produced.  The  Utter  stage  of  the  reaction  appean  to  consist  in 
the  resolution  of  tho  acetic  add,  C'H*0*,  into  carbonic  anhydride  and  mamh-gao,  CH% 
which  then  unites  with  2  at  80*,  forming  disulphometholic  acid.  (Bucktoii  And 
Hofmann,  ioc.  eU.) 

Combinaticna.    a.  With.  Trichloride  of  Photpkorus.     C*H'NJ*C1».     (Henke,  Ana. 
Ch.  Pharm.  cri.  281.) — This  componnd,  obtained  by  distilling  acetamido  with  penta- 
chlondt  of  phosphonu,  is  a  oolonileaa,  mobile,  very  pongi^ut  liquid,  which  boib  at 
72°  C,  and  UiVi^tt  fire  in  contact  with  a  spirit-flame.     Its  rapourodenaity  is  aoomaloui,       i 
being  3-£6  at  96<=* C,  3fi4  at  87°,  and  2*4  at  H8°.     Tho  medium  number  repMMots       { 

nearly  a  condensation  to  four  instead  of  two  Tolumea  f —^ x  0-06B3  »  3*09  j . 

The  anomaly  probably  arises,  as  in  other  similar  casefi.  from  the  decomposition  of  tJie       | 
comftound  at  tho  temperature  at  which  tho  vapour-density  is  ditcrmined,  into  C*H^ 
and  PCI',  each  of  which  occupies  two  volumes. 

b.  With  Mttallio  Chloride$. — Tbea«  componitdfl  are  formed  by  direct  combination. 
The  antmony-compound,  C'H'N.SbCl*,  the  formation  of  which  is  attended  with  grt«t 
xiae  of  tonperatare,  is  white,  cryntalline,  and  Buhlimes  without  decern positioii.     The 
gUd-oompound,  CPH'N.AuCl*.  is  a  brownish-yellow  powder.     Tho  titaniumrcoti^ 
2C*H'N.TiCI\  forms  white,  coherent  crystalline  crusts,  which  may  be  sublimed. 
tin-a/mpound,  2C'H'N.SnCl*,  is  white,  crystalline,  and  sublimes  in  arboreecent  foi 
dons.     (Henke,  f'OC.  ct^) 

c.  With  Cyanide  of  Mercury.  C*II»N.2Hg''Cy'.— White  crystalline  nuuis,  with 
Titreotis  Inttre,  produced  by  expodng  pulverised  cyanide  of  merrnry  to  the  VHftnnr  (>( 
cyanide  of  methyl.  The  oompoond  gives  off  ita  cyanide  of  methyl  when  ex{»r'».fl  to 
moist  air,  or  when  dried  over  sulphuric  acid.  Heated  in  a  tube  it  turns  black,  and 
yields  a  sublimate  of  white  ciystala  mixed  with  mercury.  (O.  Hesse,  Ann.  Ch. 
Pharm.  ex,  202.) 

Cyanide  of  Trichloromethyl,  or  CMoracctonitrile,  CCl'.CN,  is  obtained  by  die- 
tilling  trichloracetato  of  ammonium,  or  trichloracctaraido,  with  phosphoric  an*-  '-■  '  • 
It  is  ft  liquid  of  apocific  gravity  rW-t,  boiling  at  81°  C     With  boiling  potash,  i 
ammonia  and  tncliloraoetnte  of  potassium.     It  is  violently  attAck^  by  p«^<i 
(Bumas,  Malaguti,  and  Leblanc^  Compt  rend.  xxv.  442.) 


fpotasHi^^n 


CrrAira>B  or  irxCU^  NiCy*.— Nickel-saJta  form  with  cyanide  of  | 
a  lipht  apple-green  precipitate,  soluble  in  excess  of  cyanide  of  potassium.     It  turns 
brown  when  dWed,  pving  off  19  per  cent,  wnter. 

The  double  cy&nidee  of  nickel  belong  \o  the  less  stable  dass  of  double  cyanidsa 
(p.  201),  giving  off  prosaic  acid  when  heated  with  dilute  ixaA», 

Cyanide  of  Nickel  and  Ammonium  is  a  somewhat  unstable  compound,  obtained  by 
dissolving  cyanide  of  nickel  in  aqueoua  cyanide  of  ammonium,  and  leaving  the  solution 
to  evaporate. 

Cyanide  of  Nickel  and  Barium  forma  yoUow  crystals,  which  give  off  20  per  cent 
water  when  heated.  Cyanide  of  Nickel  and  Calcium  forms  yellow  hydrated  crystak. 
Cyanide  of  Nickel  and  CobtU  is  a  pale  red  precipitate,  producing  on  mixing  the  sola, 
tion  of  a  oobalt-salt  with  cyanide  of  nickel  and  potaaaiam.  Ttie  corresponmng  anrie 
salt  is  an  wple-green  nredpitate.  The/<rrroiM  salt  is  a  white  precipitate.  The  MtdC* 
Mofi  is  a  ydiow  crystfldline  powder,  which  separates  after  a  whilo  &om  a  solutioo  of 
acetate  of  lead  mixed  with  cyanide  of  nickel  and  potassium. 

Cyanide  of  Nickd  and  Potatsitim,  K*NiCy*  +  aq.— Obtained  by  disaolring  cyanide 
or  recently  precipitsited  sulphide  of  nidel  in  cyanide  of  potassium.  Orystaliises  in 
oblique  rhomboidal  prisms,  haviog  a  yellow  colour.  The  aqueous  solution  yiejds  with 
dilute  acids  a  precipitate  of  eyanide  of  nickel.  According  to  Rammelsbcrg  (Fogg. 
Ann,  xlii.  114)  and  BaUrd  (Ompt  rend.  xix.  999)  the  crystals  contmn  B^\  per  eeat 
water,  which  th^  give  off  at  200°  C. 

Cffanidt  of  Nickel  and  Sodium,  Na*NiCy*  +  3aq.,  forms  yeUow  hexagonal  prUDt, 
which  give  off  their  water  at  100°  C. 

GTAJrzSB  OF  XOTTSOOHBr  Is  said  to  be  produced  when  a  solution  of  eyaoide 
of  potiis.Hium  in  poured  upon  ohlorido  of  nitrogen.  The  gas  thereby  evolved,  which 
explode*  in  contact  with  phoaphoras,  and  is  said  t4>  contain  cyanide  of  nitrogen,  in 
probably  cotliing  but  nitrogen  containing  vapour  of  chloride  of  nitrogen.  Iodide  «f 
nitnigeo  ia  dissolved  by  cyanide  of  pot&ssium  without  colour,  and  probably  with  fo 
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abon  of  iodoform,  formato  of  potAasium,  and  iodido  of  amTnoniiim.  (M  i  1  Ion,  Ann. 
Ch.  Ph^i.  [3]  Ux.  75.) 

CTAVZSBa  or  OBKZiriK.  (CUu8,  Beitrage  :ur  Chemu  d»r  PlaHnmetalU, 
Dorpst.  1864. — C.  A.  Martius,  [naugvtrolduttrtatum^  Gottingen,  1860;  Aud.  Ch. 
Pharm.  cxrii.  357  ;  Jahr«6ber.  f.  Chera.  I860,  p.  233.)— The  only  cyanide  of  otuniam 
vfaich  appears  to  have  been  obtttinixl  io  tho  froe  state,  is  tho  dicyanide  OaCy*;  it  is 
cepaxatad  a«  a  dark  violet-coloured  precipitate,  when  an  oamiocyauido  is  bailed  for 
KMaa  time  with  atrong  hydrochloric  add ;  aUo  when  moict  osmiocyanide  of  hydrogen 
ia  wpoand  to  tba  air. 

Dieyanide  of  osmium  unites  with  the  more  basic  cyanides,  fomung  a  cla«8  of 
doable  salts,  Lbo  OswocTAirtDKa,  M*Oa"C>''  =•■  iMCy.OsCy^  aoalo^us  to  tho  ferro- 
cyKoides,  and  exhibiting  somewhat  similur  rouctiona  wi(h  iron-aalta.  A  solution  of 
an  oamioeyanide  forms  with/erroiM  KalU  a  light  blue  precipitate  quicUj  becoming 
darkar  oo  exposure  to  the  air,  and  with/rmic  salts  u  precipitate  of  h  beantiful  violet 
colour.  "With  cuprie  salts,  the  mjluble  osmiocyanidca  form  a  red-bruwu  pr«cipitate ; 
with  sttver,  mcrcurous,  and  Uad  ealt«,  white  crystallioo ;  and  with  fine  and  cadmium 
■alta,  white  gelatinous  precipibite?. 

Osmioevanide  of  Barium^  BaKfh'Cy*  +  3aq.,  is  obtained  by  treating  ferrie 
onuocyaoiae  with  baryta-water — which  separates  ferric  hydrate  in  the  same  manner 
aa  from  ferric  ferrocyanido— removing  the  exoeM  of  ImrytA  from  the  filtrate  by  carbonic 
acid,  and  evaporating  over  sulphuric  acid.  It  forma  saLail  rhombic  prisms  with  basal 
rad-fiices,  traaspanint,  reddish-yellow,  easily  soluble  in  water  and  in  aqueous  alcohol. 
They  are  permanent  in  the  air  at  ordinary  temperatures,  but  give  off  all  their  wat«r 
between  60^  acd  60^  C.     (Martius.) 

Otnmo^anide  of  Barium  and  Poiastium  (Ba''K')OB''Cy*  +  Sa<j.  separate*  from  a 
nuxture  of  the  boiling  coneeutrated  solutions  of  1  pt.  chloridu  of  barium  and  2  pts. 
omniocyaDido  of  potassium,  in  imaLl  light-yellow  erysrals  having  the  form  of  acute 
rhombohedrons  with  the  ond-face  oR.  The  salt  ia  effloresoent,  diMolves  ipoxingly  in 
coU,  freely  in  boiling  water.     (Martins.) 

Otmiocj/auide  of  Hydroi/tn,  Ifydro-ogmiooyanuf  acid,  Omiiopnutie  acid^ 
HH)s"Cy*,  is  obtained  Ly  mixing  a  cold  satunitt'd  solution  of  oemiocyanido  of  potassinm 
with  an* equal  volume  of  fuming  hydrochloric  acid,  collecting  the  precipitated  osmio- 
prossic  acid  on  a  Alter  (freed  from  iron  by  washing  with  hydrochloric  lu^id),  vofihing  it 
with  strong  hydrochloric  acid,  and  cryst^Iising  it  from  alcohol  covered  with  a  la^'er  of 
ether.  It  forms  transparent,  colourless,  shiniog,  prismatic  crystals,  belonging  to  the 
hexagonal  ej^stcm.  Tbty  are  anhydrous,  and  permanent  in  the  air  when  dry,  but  de- 
compoae  in  the  moist  stat«,  giving  off  hydrrjcyanic  acid  and  leaving  dicyanido  of 
osmium.  The  acid  disaolves  easily  in  water  and  in  alcohol,  and  is  precipitated  there- 
from by  a  amaU  quantity  of  other ;  it  has  a  lonr,  metallic,  astringent  taste,  a  stxoDg 
acid  reaction,  and  liecomposes  carbonates.    (Martius.) 

Otmioeyantd*  of  Iron.  The /cmws  salt,  Fe'Os'Cy*,  is  the  light  blue  precipitats 
pKidoecd  by  soluble  osroiocyanides  in  ferrous  solutions.  It  quickly  becoroeB  darker  on 
ezpueore  to  tho  air,  and  id  ccmvcrted  by  nitric  acid  into  a  violet  compound,  probably 
Fe"Os'Cy",  anal(^ou8  to  TurabuH's  blue.  The  same  compound  is  sjiid  by  Martius  to 
be  formed  by  precipitating  osmiocyanide  of  potassium  with  h  rirriL'  salt;  but  the 
precipitate  thus  formed  is  more  yrohibly  ferrie  osviujcyonide  {Fe*)'^0>>*Cy**,  aoalogoua 
to  ferric  ferrocyanide  (p.  227),  trie  reaction  being 

aK'OaCy*  +  2Fo'Cl*  =  12KC1  +  Fe«08»Cy'». 

It  has  a  splendid  violet  colour,  and,  as  a  t««t  for  ferric  salts,  is  evpn  more  delicate  than 
ferrocyanide  of  potassium ;  it  settles  down  quickly,  and  is  not  deoompoBcd  by  bftiling 
water.  In  drying,  it  Khrinks  up  to  a  brittle  mass  having  the  colour  of  pinchbeck. 
By  boiling  with  alkalis,  it  is  d<!compo»c-d  like  ferric  ferrocyanide,  with  separation  of 
ferric  hy^te.     (Martius.) 

Otmioeyanide  of  Potaasivm,  K'Os''Cy*  +  Saq.  This  salt  the  analogoe  of  ferro- 
Cfyanida  of  potassium,  was  discoverod  by  Claus.  It  is  most  easily  obtained  by  treating 
osmate  of  potassium  with  cyanide  of  potasuiimi.  A  solution  of  1  pt,  osmic  acid  in  a 
sufficient  quantity  of  strong  potash-ley  just  to  give  it  an  alkaline  reaction,  in  mixed  with 
1^  pt  cyanide  of  pota««iium ;  the  dark  liquid  is  carefully  evaporated  to  dnness ;  and  the 
residue  is  calcined  at  a  gentle  heat  in  a  covered  porci>Iain  crucible.  The  solution  of 
the  nnfused  but  whitened  mnss  in  a  irmall  quantity  of  water,  deposits  the  salt,  after 
flltzistion,  in  rather  large  dystalljne  plates,  which  may  be  purified  by  rccrystaUisatioii. 
Metallic  osmium  is  not  attacked  by  cyanide  of  potasHiom ;  but  when  gontly  ignited 
with  ferrocyanide  of  potassium,  it  is  ahnobt  entirely  diesolved;  the  osmiocyanide  thus 
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ftmnfld  csanot,  howerer,  be  sciparated  from  tho  feiTocjrBQide,  becnnae  the  two  walt» 
ciyatolliBe  together  in  all  proportiona. 

OemiucjAoiJo  of  potaaHimn  cryBtiillibeB  from  water  as  a  yellow  silk;  povd<>r,  or 
in  yeliov  quadratic  laminm,  iBoniorphous  with  the  ferroeyanide.  It  ia  insuluble  in 
alflohol  aod  ethar.  The  anhydrous  salt  is  white,  melta  when  heat^  to  redness  in  a 
doftBTBssel,  with  evolution  of  gaa  and  separation  of  metallic  osmium;  when  further 
heated  in  contact  with  the  air,  it  yields  osmic  acid.  With  strong  ht^rochlortc  acid  it 
first  yields  osmiocyanide  of  hydrogen,  then  gives  off  hydrocynnic  acid  and  deposits 
protocyanide  of  osmiaro.  Trt>*t<^d  with  dilute  niiric  arid,  it  girea  off  a  lare^e  quantity 
of  gas,  and  forma  a  snlntinn  containing  a  nitro-ofunio-cyanogen  componnd  not  vet 
examined,  perhaps  annfngoua  to  a  nitroforricyanide  (p,  260),  Fused  with  sulphur 
it  appears  to  yiold  a  sulphosmio-cyanogea  compound.  It  do«s  not  appear  to  form  aa 
oaminm  compound  analopous  to  fr'rri cyanide  of  potassium  (Martius).  For  the  in- 
actions of  osmiwyanideof  potasnium  with  metaUic  solutions,  see  page  269. 

CTAn-tnsS  or  PilXXiASZiniZ.  (Bcrzeli  ua.Fogg.  Ann.  xiii.  480.— Fehling, 
Ana.  Ch.  Fharm.  rxxii.  119.— Rammclsberg,  Fogg.  Ann.  xliii.  139.) 

Palladouit  CtfOnide,  PdCy*.  ia  obtained  aa  a  yellowish-white  precipitate  on  mixing  a 
jalladona  salt  with  cyanide  of  mercury.  It  dissolvcg  in  ammonia,  and  the  solution  yicldi 
an  abundant  crop  of  crystals  of  cyanide  of  palladosa mm rtntum.  (N^H*Pd")(7y'. 

Bottuaio-paiiad/m§  cyanide,  K-PdCy*,  ia  obtained  in  rbomboidal  cpystAk  by  dis> 
solving  paliadoofl  cyanide  in  cyanide  of  potassium,  and  eTaporating. 

Paliadu  Cvanide,  FdCy*. — The  componnd  of  palladio  dilohda  with  chloride  of  pc- 
taasinm  (see  rAiULDnm)  stirred  ap  with  water  and  mixed  with  cyanide  of  oiercory, 
yields  a  pale  ro«e-cx)lourcd  flocculent  precipitate  which  gradually  decompocea,  gijing 
off  hydrocyanic  acid.     (B  e  r  e  e  I  i  u  s.) 

CTAirxi>BB  or  PlJlTXWXnW.(L.G  m  el  i  n,  ffaii<fi<»*,Tiii.  43.— Dob  erei  ner, 
Aon.  CJh.  Pharm.  xvii.  250. — Knop,  ibid,  xliii.  HI. — Knop  and  Schnedermann, 
J.  pr.  Chcm.  xxivii.  461.— Quadrat,  Ann.  Ch.  Phami.  Ixiii.  164;  Ixx.  300.— Ger- 
hard t.  Com  pt.  chim.  1860,  p.  146;  Tfaiii.  i.  36'2.— Schaf  ari  k.  Wien.  AJumL  Ber. 
xrii.  67;  Gm.  x.  606.  —  Wesolsky,  J,  pr.  Chem.  Ixix.  276;  Qm.  xii.  499.— 
Buckton,  Chem.  Soc.  Qu.  J.  W.  26. — Hadow,  ibid.  xiii.  106. — C.  A.  Martius, 
U^>er  die  Cyanvfrbinduvgfn  der  Plaiinwftalle.  Inauguroldissertation,  Qottingcn, 
1860;  Ann.  Ch.  Pharm.  cxvii.  357;  Jabresber.  f.  Chem.  1860,  p.  330.) 

Platinum  forma  two  cyanidM,  PtCy*  and  PtCy*,  analogous  to  the  chloridaa,  and  an 
intermediate  compound  Pt'Cy*.  Tha  last  two  are  knewn  only  in  combination ;  the 
dicyanide  is  known  in  the  separate  state,  but  hna  nerer  been  obtained  quite  pure.  It 
forma  a  numerous  class  of  doable  salts,  the  platioocyauides  M^Pt''Cy*  or  2MCy. 
Pf^Cy*,  which  wore  diseoTered  by  L.  Gmelin, 

I>icyanide  of  Platinum,  or  Platinoiit  Cpanide,  PtCy*. — This  compound 
IS  obtained:  1.  By  calcining  mercurous  platinocyanide  in  a  retort  at  a  gentle  heat 
(Dobereiner). — 2.  By  calcining  a  dried  mixture  of  mercurous  chloride  and  platino- 
cyanido  of  potassium,  as  long  as  any  reactioQ  is  apparent,  extracting  the  soluble 
matters  with  boiling  water,  and  calcining  the  residua  to  free  it  from  mercurous 
chloride  (Knop  and  Sch  nedermann) : 

KTtCy*  +  2Hg"a»  =>  RCy»  +  Hg'Cl*  +  2KCI  +  Cy'. 

a.  By  adding  strong  sulphuric  acid  to  plati no-cyanide  of  potassium,  whereby  it 
becomes  heated,  and  dissolring  «ut  the  soluble  ealt^  with  wat<>r  (Knop  and 
Schnedermann). — 4.  By  hfating  platinocyanide  of  animonium  to  about  800^0. 
(Schafarik).— i.  By  boiling  platinocyanide  of  hydrogen  with  nitric  acid-  (Sch»- 
farik.) 

Platinous  cyanide,  according  to  the  manner  in  which  it  is  prepared,  is  greeniah- 
ycUow  or  sulphur-yellow  in  the  recent  state,  and  of  a  rusty  colour  wheu  dry.  By  the 
fourth  metbtxi,  it  is  obtained  in  yellow  crystals,  which  are  pseudomorphs  of  the 
ammoaiuia-wilt.  It  is  insoluble  la  water,  acida.  and  alkaliw,  but  in  the  moist  state  tt 
dissolves  in  the  cyanides  of  the  alkali-motals.  yielding  itlHtinocyanides.  When  he^ited 
in  the  air,  it  bums  away,  leating  metalJtc  platinum,  Schsifarik's  product  (4),  yielding 
the  metal  in  distinct  psendomorphons  crystals.  The  quantity  of  metallic  platinum 
thus  obtained  TaricB  considerably,  according  to  (he  method  by  which  the*  cjjmpound 
haa  been  prepared.  According  to  Dobereiner,  it  yields  from  78  to  79  p.  c,  the  formula 
xeqairing  79-2  p.  c.  Quadrat,  howerer,  found  in  the  compound  prepared  by 
Dobereioer'a  method,  only  71*7  p.  c,  and  in  that  prepared  by  Knop  and  Schneaermano's 
process,  only  728  p.  c.  platinum,  numbers  agreeing  approiimatoly  with  the  formula  of 
tricyanide  of  platinum,  Pl*Cy*,  which  requires  7r&  p.  c  Schafarik,  however,  found 
in  the  products  which  he  obtained  by  Knop  and  Schnedermann's  molhod,  and  likewi« 
by  hia  own  methods  (4  and  6).  from  76'24  to  77*18  p,  c.  platinum.    On  the  whole,  it  is 
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n<}et  probablo  that  the  products  obtained  by  theM  mtoibJ  method*  oonsut  MseDti&Uy 
of  dic)iiDide  of  platinum,  but  contamioated  with  Tariablo  quantitias  of  foreign 
•abfltances  vhich  caouot  b«  remored  by  waabing. 

AmmoRio-fUUmeu*  Cjifamide,  2NH*J^Cy'.  See  CTAirn>B  op  PukToaA.Mj(oKii:x 
(p.  284). 

VlailtBOCTanldes.  WPtCy*  ^  2MCy.RC7*.— These  salta  may  bo  regarded  as 
eompOOBda  of  dicyauide  of  platinum  wilh  a  more  basic  cyanide.  Those  which  are 
aktluble  may  b«  obtained  by  treating  dicj^anide  of  platinum  with  an  alkaiioe 
cyanide,  or  the  dichloride  with  exceaa  of  an  alkaline  cyanide,  or  with  an 
alkaline  base  and  hydrocyanic  arid  ;  thoae  which  are  insoluble  are  obtained  by  pre- 
cipitation. The  copper-salt  dccompoecd  by  Bulphydric  acid  yields  platinocyanide  of 
hydrogen,  and  this,  when  aatoratea  with  baaea,  likewise  yields  the  MTeral  platiao- 
ejaniaea. 

The  platiBocyaoidea  belong  to  the  more  stable  daaa  of  doable  cyanides  (p.  201), 
exceeding  even  the  ferroeyanides  in  the  force  with  which  they  retein  the  negative 
metal  and  disguise  it  to  ordinary  testa.  Strong  nitric  and  hydrochloric  acids,  either 
alone  or  mixad,  extract  no  platinum  from  them,  even  at  the  boiling  heat ;  they  are  not 
daoorapoMd  by  digestion  with  mercuric  oxide ;  and  atTDng  eolphuric  acid  at  the  boiling 
heat  separates  the  platinum  but  slowly. 

The  platinocynnides  of  the  alkali-metala,  aUcoline-earth-mctals,  and  magnof^tnm,  ar« 
soluble  in  water;  most  of  the  others  are  insoluble,  or  sparingly  soluble.  The  sf^luble 
salts  cryst&UiM  well  and  are  remarkable  for  the  beauty  and  variety  of  the  colours 
which  the  crystals  exhibit,  whereas  the  oolutions  axe  colourless.  The  solutions  form  a 
BoJt-blue  precipitate  with  mereurmu  aalts,  white  with  mtrcuric  salts,  and  a  flocculent 
blxie  precipitate  with  euprie  salts. 

Pf  a  f  in  ocy  a  nt(J«<i/Jinwonfi»m,(WH*)*PtCy*.— Obtained  by  dissolving  platinous 
cyanide  ^3)  in  hydrocyanic  acid  satumted  with  ammonia  (Knop  and  Schneder- 
man  n) ;  by  pa»si&g  dry  ammonia-gas  over  plutinocyanide  of  hydrogen,  the  latter  being 
kspt  in  excess  (Quadrat) ;  bydi?compn«ingptatin<x?yantde  of  potassium  with  sulpliata 
of  ammonium  (Quadrat),  or  by  precipitAting  platinocyanide  of  bariom  with  a  mixture 
of  ammonia  and  carbonate  of  ammonium,  and  slowly  eraporating  the  filtrate  (Scha- 
f  a  r  i  k).  By  this  last  method  it  is  obtained  in  slander  prisms  of  a  deep  lemon-yellow  co- 
lour, exhibiting  a  splendid  bine  fluorescence  on  the  surface.  These  ciystals  contain  1  at. 
water  (NlI*)-R.Cy^  +  ^aq.),  and  when  placed  under  a,  bcU-jur,  together  with  caustic  lime 
on  which  ammonia  is  dropped,  they  become  whit*  and  turbid,  and  give  off  half  tbw 
water.  These  colourless  oystals  slowly  recovpr  their  water  and  turn  ypllow  when  ex- 
posed to  the  air.  Both  the  white  and  the  yellow  crystdls  give  off  the  whole  of  their 
water  at  160^  C,  becoming  milk-white  and  pearly.  On  dissolving  the  anhydrons  salt 
in  absolute  alcohol  and  evaporating  over  sulphuric  acid,  crusts  of  colourless  needles 
shoot  oat  Arom  the  ntargin  of  the  vessel,  and  at  last  coat  the  entire  surface  with  a  net- 
work exhibiting  a  beautiful  violet  fluorescence ;  on  exposure  to  the  air  they  rapidly 
torn  yellow.  The  yellow  salt  dissolves  in  about  its  own  weight  of  water,  and  in  a 
smaller  quantity  of  alcohol 

Platinocyanide  of  Barium,  BaPtCy*.— Prepared :  1.  Byboilingthe  copper-salt 
with  caustic  baryta,  and  separating  the  excess  of  baryta  by  a  stream  of  carbonic  acid 
gas  (Quadrat).— 2.  By  dissolving  platinocyanide  of  potassium  in  the  smsUest  pos- 
sible quantity  of  water,  adding  an  equivalent  quantity  of  the  strongest  sulphurio  acid 
(23  pta.  add  to  100  pts  pot;i«giuni-salt),  taking  care  to  avoid  ovcrhoating ;  then  adding 
10  Tola,  alcohol  of  specific  gravity  063,  mixed  with  a  little  ether,  and  immersing  the 
▼easel  in  cold  water,  to  separate  tbo  sulphate  of  potaasium  ;  evaporating  the  filtrate  to 
one-third ;  adding  water ;  and  saturating  it  at  thr>  boiling  heat  with  carbonate  of  barium 
(Schafarik). — 3,  By  tritiirating  2  pts.  protochlorido  of  platinum  and  3  pts.  carbonate 
of  barium  with  water,  heating  the  mixtun^  with  10  pts.  water  nearly  to  the  boiling  point, 
and  p»— ing  vapour  of  hydr^'anic  acid  through  the  liquid  as  long  as  carbonic  acid 
continues  to  escape. 

The  salt  forms  monocUnic  crystals,  often  of  considerable  sise.  Ordinary  combina- 
tion 00? .  ooPoo  .  [  obPoo]  .  [Poo  ].  Inclination  of  »P:  oopin  the  dinodiagonal  pnn- 
cipal  section  =  99^  42';  [Poo]  :  [P«]  =  130°  8'.  Ratio  of  axes,  a:b:c  =.  20861 : 
1-B145  :  I.  Inclination  of  6  toe  =  75^  63'.  The  aystals  app»»ar  green  when  viewed 
along  the  prinoipal  axis;  sulphur-yollow  iit  right  angles  to  it.  Specific  gruvity  ss  3'064. 
They  contain  15-3  ptT  cent,  wator  (rather  more  uiau  2  at.),  which  they  give  off  at 
100°  C.     Easily  soluble  in  l>ot  vruftT.     (Quadrat.) 

Platinocyanide  of  Cadmium,  CdPtCy*. — Formed  as  a  crystalline  procipitata 
on  mixing  platinocyanide  of  potossiuui  with  chloride  of  cadmium.  It  is  anhydrous, 
ycl)«wish-white  wiUi  blue  iridewrtsncc  wht'u  dry;  whan  hsatixi  it  glows  and  leaves  a 
compound  of  cadmium  and  platinum.     (Martius.) 
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Platinocyanido  of  Cadmammonium,  (N*H*Cd")Tt"Cy*  +  aq.— A  boIuUod  of 
the  preceding  Halt  iu  ammonia  jiolds  thi»  compound  in  large  white  ueodlua,  wliicfa 
ntain  their  ammonia  eomowhat  teoacioiisly.    (Martiua.) 

Flatinocyanidg  of  Calcium,  CaPtCjr*  +  6aq.— Obtained  like  the  barium-iwlt. 
Sloader  needles  trhich  exhibit  a  trickrotsm  tiimilar  to  that  i>f  tbe  barium-salt,  appear- 
io^  lemon -ycUow  and  eiskin -green  bj  transmitted,  and  bluish  with  a  diuxiuod  lustrt* 
b,v  rofloctod  light.  Thoy  aro  very  aoluble  in  watiur,  and  give  off  20*i4  per  cent  water 
at  140°  0.     (Uuttdrat.) 

Platinoeyanide  of  Cerium,  CePtCy*  -»-  6ivq. — Obtainisd  by  mixing  cenms  sul- 

Shate  with  platinooyanido  of  barium  ;  evapomting  the  flltrato  at  100"  C,  «xh«u5tiag 
le  roeidue  with  warm  alcohol,  evaporating  again,  diesolving  in  wat«r,  and  cryBtal- 
liaing.  Forms  fine  yellow  strongly  tluorescent  prisms,  with  azure-blue  surC&co'lustre, 
and  exhibiting  a  siskin-green  tint  along  the  axis.  It  is  permanent  in  the  air,  gives 
off  half  its  water  over  sulphuric  acid,  but  cannot  bo  completely  dehydrated  by  lunt 
without  decompoeition.  From  tfae  alcoholic  solution  it  crystallises  in  white  crystals, 
which  ooDtain  less  water,  but  when  expased  to  the  air,  or  when  breathed  nipun,  quickly 
take  op  water,  and  ore  coQTOcted  into  the  yellow  salt.  (Czudaowicx,  J.  pr.  Chem.' 
Izxx.  16.) 

Platinocyanidt  of  Cobalt 'ammonium^  (N'H»Co")PtCy*. — Obtained  m  a 
crystalline  flosh-coloured  powder  by  precipitating  platinocyanide  of  potassium  with 
cldurido  of  cubdt,  dissijlved  in  a  mixture  of  caustic  ammonia  and  carbonate  of 
ammonia.     (^Knop  and  Schnedermann.) 

Platinocyauide  of  Cinchontne,  (C?*H"N*0)*PtCy<.— Easily  soluble,  oolour- 
lees  nce^Ues,  obtained  by  decomposing  tho  barium-salt  witJh  sulphato  of  cinchuaLBu 
and  eraporati  ug.     (M  a  r  c  i  u  s. ) 

Platinocyanidt  of  Copper,  CnPtCy*,— Precipitated  on  adding  BuJphale  of 
copper  to  a  solution  of  the  prln^Kium-ealt  (Quadrat).  It  is  a  green  precipitate, 
which  abriaks  very  much  ici  dr^'iug,  lurming  shiniug  eharp-edgod  frBgments.  Gives 
off  qpanogon  when  heated  in  close  vlsscIb,  and  leaves  a  black  powder,  probably  con- 
sisting of  platinum  and  oxide  of  c«)ppfr  (Schaf  arik).  It  is  insoluble  in  water  and 
adds,  but  easily  solnbte  in  ammunta,  the  aolutitm  yielding  by  slow  evaporation  acore- 
blue  crystals  of  the  following  sait.     (Quadrat.) 

Platinocyanidt  of  Cupr ammonium,  (N*H*Cu)Tt''Cy*  -•■  aq. — Obtained  as 
just  described,  or  by  mixing  platiuocyanide  of  potassium  with  nitrate  of  copper  dls- 
BoK'od  in  ammonia.  It  then  sopanitoA  '\fler  a  few  hours  in  dark  blue  noodles  contain- 
iiijr  water  of  crysbillisation.  At  IW  C,  it  gives  off  ammonia  and  turns  green. 
(Kni>p  and  Schnodermann.) 

Platinocyanidt  of  Ethyl,  C»H'»N'Pt  +  aq.  =  {CH')'PtCy«  -h  aq.  =  2C*H»Cy. 
PtCy'  +  2aq.  (C.  v.  Than n,  Ann,  Ch,  Pharm,  crii.  31&.) — Prepared  by  passing  d^ 
hydrochloric  acid  gas  inio  a  sotutioa  of  hydroplutinoejanic  acid  in  absolute  alcohoL 
The  gas  is  rapidly  absorbed,  the  liquid  bocomcB  very  hot,  and  solidifies  on  cooling  to 
a  crystalline  pulp,  composed  of  small  aurora-refl  needles.  The  crystals  must  be 
quickly  filtered  and  dried  with  groat  care  over  oil  of  vitriol  and  caustic  potash. 

The  crystals  thus  obtained  contain  1  aU  water,  from  which  they  cannot  be  sepa- 
mtod  without  docompoeitiun.  They  belong  to  the  trimotric  system,  and  are  com- 
binations of  a  prism  with  tiie  basic  terminal  face  and  a  dome.  They  appear  to  be 
isomorphous  witit  platiuocyanide  of  potassium.  Under  the  microscopo,  the  body  of 
the  crystal  exhibits  a  brown  colour,  while  the  surfaco  varies  from,  azure  to  dark  steel 
blue. 

11  ydnvted  platiuocyanide  of  ethyl  is  resolved  at  100**  C.  into  alcohol  and  hydro- 
platinocyanic  acid ; 

C^>«N*PtO»  =  2C^*0  +  C*N*PtH». 

It  Bufibrs  the  same  d«)coinposit)on  in  contact  with  water.  At  higher  temperatures  it  ie 
resolved  into  platinous  cyanide,  cyanide  of  ethyl,  and  water.  Aqueous  ammonia  »ddvd 
in  excess  to  a  concontrited  alcoholic  solution  of  platinocyanido  of  ethyl  mixed  with 
four  or  five  times  its  balk  of  ether,  forms  stellate  groups  of  needles  consisting  of 
jdalinocyanide  of  diplatosamvtoniwm  (p,  264);  and  on  evaporating  the  mother-liquor  to 
drracss,  disj^olving  it  in  alcohol,  and  leaving  the  eolution  to  evaporate  over  oil  r' 
TJiriol.  it  first  dc'j>o8its  hydraied  plaiinoofanide  qfammoHium,  and  then  yellow  needl 
probably  consisting  of  jUaiifiocyanide  of  ttkytammomum.  The  decomposition  may  1 
represented  by  the  equation : 
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>(CH»)TtCy*  ♦  6KH«  .  N'U'i'K^nTjcy*  ^  (C*H*N)'PtCy*  +  4C*H»C7. 

~"    ■  '      r  PlallnocyimldF  of         Cjri 

a.  AlhrlAminootuni. 


PUtlDOcymiitde  o( 
dl)>UUHJUDaiaaluia. 

•(0«H»«PtCy*.2H'0)  +  6NH»  -  ^'^*^ 


Cyuiideor 
9th  jl. 


rtAtiJiocraDiii* 

of  Aiamualuni. 


2(C»H».BL0)  +  iCBKj  +  4H»0. 

Alcabol. 


Probably  both  Uuse  reaetioiu  go  oa  togvther ;  but  the  eyanide  of  ethyl  appears  to  be 
farthof  acted  on  by  the  free  ammonia,  perhaps  yielding  ethylamine  and  cyanide  of 
anunonitun  i 

CrH»CV  +  2NH'  -  N(H».C»H»)  +  NH«Cy, 

Dry  anunenia  gas  conrert*  platmoeyanido  of  ethyl  into  platLnocyaoide  of  ammoiuum 
and  ethylamine : 

(C»H')*PtCy<  +  42m»  -  (NHOTHCy*  +  2N(H».C»H»). 

Hatmoeyanidt  of  Ethxflammonwwi,  C^'-N'R"  -  (N.H'.C'H')'Pl''Cy*.— The  yeUow 
ejyetala  obtained,  in  the  manitear  aboTe  deacribed,  by  the  action  of  aqueona  ammonia 
OQ  a  eolation  of  platinocyanide  of  ethyl  in  aleohol  and  ether,  diattolTe  very  readily  in 
water  and  alcohol ;  and  the  solutione  eTsporated  in  tho  air,  leaTe  long  yellow  needlee, 
which,  while  immersed  in  the  mother-liquor,  exhibit  a  iplundid  violet  irideeceoce  oa 
the  nirface.    (v.  Thann.) 

Plmtinocyanideo/ Bjfdrofftn.  Ef/dropUtinocyanio acid.  H*Pt"CM. — Prepared 
by  decompoamg  the  copper-salt  attipended  in  water  with  salphydric  acid,  evaporating 
the  filtrate  to  dr^^noes,  diwolTing  the  reeidae  in  a  mixture  of  alcohul  and  etlu'r,  and 
■gain  evaporating.  Aa  thua  obtainod.  it  forma  hydrated  bluish-black  prisnu,  or  if  the 
Uklliaadoo  baa  been  rapid,  greenish-yellow  needles  with  a  coppery  or  golden  lustre, 
r  abaorb  moisture  from  the  air,  turning  yelltiw  and  deliquoeciog  (Quadrat).  By 
Dpoaiilg  the  barium-salt  with  an  oquiraU-ut  quantity  of  mlphturie  acid,  evaporating 
BllTate,  redisaolving  in  alcohol  and  ether,  and  evaporating  over  sulphuric  acid, 
Weeelskv  obtained  the  add  in  crystals  7  or  8  Ibee  long,  half  a  lino  thick,  and  having 
a  ipleDOid  vermilion  colour  with  bine  iridescooce  on  the  prismatic  faces.  Those 
crystals  abfrorbcd  water  from  the  air,  and  then  assttmcd  the  ordinary  appearance  of 
hydroplatinocyanic  odd. 

Hydroplatinocyanio  odd  turns  yellow  at  100°'  C,  then  white,  and  mny  be  heated  to 
140°  without  decompofiing.  It  is  soluble  in  watar  and  in  alcohol ;  the  alcoholic  solo- 
tion  b  oolonrleas,  it  decomposes  carbonates  with  effervescence.  It  absorbs  ammonia 
with  rapidity,  aoqniring  &  yellow  colour.  IleatiKl  with  strong  snlpburic  acid,  it  is  de- 
couposed,  yielding  hydrocyanic  acid  and  a  yellow  substance,  probably  platinous 
eyaaide  (Quad  rat).  Nitric  add  decomposes  it,  with  separation  of  platinous  cyanide. 
(Sehafarik.) 

Platinocyanide  of  Lanthanum,  lA"Pt"Cy'  +  6aq, — Prepared  in  the  same 
manner  as  the  ceriam-salt  (p.  262).  CiyBtallises  from  the  aqueous  aolntion  in  shining 
rhombic  prisms  terminated  by  a  brachydiagonal  dome.  They  exhibit  dichroism^ 
being  ytcllow  inclining  to  orange  by  tianamitted  light,  but  having  a  blue  surfisoe  lustre. 
Vrheo  placed  over  sulphuric  acid  they  give  off  3  at.  water  and  acquire  a  scarlet  colour ; 
in  vacuo  they  give  off  fi  at.  water  and  acquire  a  dirty  yoUow-brown  colour.  From 
solution  in  strong  alcohal  the  salt  ciystallisea  with  difllculty  in  colourless  crystals, 
which  contain  less  water,  bat  quickly  take  up  an  additional  quantity  and  turn  yellow. 
(CxudnowicE,  J.  pr.  CHiem.  una.  31.) 

Platinocyanide  of  Lead,  PbPtCV. — ^Yellowish-white  crystalline  powder  ob- 
tained by  predpitadon.  When  heated  it  beharcss  like  the  cadmiam-iuJt.  It  i» 
soluble  in  warm  dilate  nitric  acid,  solidifies  on  cooling  bo  a  red  ciystsJline  magma  of 
platino-tricyanide  of  lead,  2PbCy*.Pt»Cy  +  lOaq. 

Platinocyanide  of  Magnesium.  MgPtCy*. — Prepared  by  mixing  a  solution 
of  the  barium-salt  witli  Hulphiite  of  magnesium,  evaporating  the  flll^ate  to  dtynsas, 
digesting  the  residun  in  ether-alcohol,  snd  leaving  the  solution  to  evaporate;  or  by 
mixing  the  solution  of  the  Dotosaiam-salt  with  sulphate  of  magnesium,  evaporating  to 
a  dry  powder,  digeeting  with  ethor-alc4>hol,  and  evaporating  t^Quadrat).  It  is  Urns 
obtained  in  fine  large  sqnaro-based  prisma,  often  grouped  in  rosettes,  of  a  deep  rod 
colour  by  transmitted  light;  when  \nL'Wfd  by  reflected  light  the  sides  of  the  prisms 
exhibit  a  brilliant  beetle  green,  and  their  extremities  a  deep  blue  or  purple  colour. 
The  rod  cryrtale  contain  MgPtCy«  +  7a<?.  B^rwe,.n  60*  and  40°  C.  (86°  and  1 13*"  F.) 
they  give  up  1  at.  water,  and  are  reduced  to  MgPtCy*  -i-  6a«]»  which  has  a  briglit 
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yellow  colour ;  tliiH  h^'drato  is  likewise  dopottiUid  from  solutioti  at  the  tompentvtn  of 
160*  F. :  nlao,  Recording  to  Wpselskj.  by  leaving  a  sojution  of  the  ordinary  red  nod 
green  «alt  io  water,  or  in  absoluto  alcohol,  to  cTystalUse  over  sulphuric  acid.  Al 
212**  F.  the  BJ\lt  bwomes  qnite  white,  and  then  conmftta  of  MgPtCy*  +  2a<}.,  hM 
between  300°  and  iOiO'^  F.  it  givos  off  the  rest  of  it«  water  and  again  becomes  jellow. 
If  a  portion  of  this  yeUow  anhydrous  salt  be  kid  on  the  red  salt  >a  powder,  it  will 
soon  abstract  water  from  the  tatter,  and  a  white  layer  wiU  be  formea  bAtween  two 
yelluw  borders,  one  consisting  of  ttie  anhydrous,  the  other  of  the  d'hydnted  salt 
(Schafarik;  Hadow).  The  salt  is  very  solnble  tn  water,  and  forms  a  nearly 
colourleaa  solution. 

Pltitinocyanide  of  Maffnesium  and  Potassium,  (MgK*)Pt'Cy'  +  14aq. — Hadow  ob- 
tained this  salt  OD  one  occasion,  simultaneously  with  the  magnesium  salt,  by  evaporat- 
ing to  dryness  a  mixture  of  the  solutions  uf  sulphate  of  magnesium  and  platinocyanids 
of  potassium,  and  digesting  the  residuo  in  weak  alcohol  (instead  of  ether-alcohol). 
The  dystals  ore  of  a  paler  red  than  the  procrding,  and  exhibit  a  nteel-blue  lustre  by 
reflected  light.  Part  of  the  water  of  crjstallisation  is  given  yff  iit  1UU°  C,  the  rest 
at  a  higher  temperature.  The  salt  awnot  be  rect7stallieed,  except  from  excess  of 
plalJDocyanide  of  magnesium,  and  even  then,  sudden  cooling  or  agitation  of  the 
saturated  solution  will  cause  it  to  separate  into  its  component  salts.     (Hadow.) 

Platinocyanids  oj  Mercury, — The  mercuric  salt,  HgTt'Cy*,  is  a  white  prwJ- 
pitato  obtainetl  by  mixing  the  solutions  of  platinocyauido  of  potassium  and  mercurio 
chlnride.    (Gmelin,) 

With  TTtfrcuroHS  nitrate,  pl&tinocynuide  of  potassium  forms  a  blue  precipitate,  con- 
sisting, according  to  Rnmmelsberg'a  analysis,  of  5Hg"PL"Cy*.Hg"N'0'  +  lOaq.  This 
compound  is  not  soluble  in  cold  water  acidulated  with  nitnc  acid,  and  cannot  be  freed 
from  mercuTous  nitrate  by  washing  When  lnjiled  with  water,  the  blue  colour  changes 
thmogh  green  and  yellow  to  white,  being  ultimately  converted  into  mtrcuric  platitii>- 
eyanide,  die  liquid  containing  mercurous  nitrate.  It  is  likewise  reduced  to  mercuric 
platinoeyanide  by  heating  it  in  the  state  of  p-iwder  to  200^—250"^  C.  (Dobereiner; 
Schafarik.)  This  blue  compound  is  al80  formed  on  tkdding  mercuric  plfttioocyanida 
to  mercuioua  nitrate,     (Doberoinor.) 

Flatinoct/anide  of  Nickelammonium,  (■N»H*li]'i)''Pt"Cy',  produced  by  adding 
the  potassium-salt  to  an  ammoniacal  solution  of  nitrate  of  nickel,  forms  violet  Qeedlcs 
which  yield  a  pale  violet  crystalline  powder, 

Platinoto-platinic  Cyanide,  Pt*Cy*  -  2PtCy»J'tCy<.— This,  according  to 
Oerhardt  ClVaiti,  i.  366),  is  the  constitution  of  the  yellow  compound,  commonly 
called  dicyanidc  of  platinum  (p.  2G0'}.  But,  as  already  obsiTved,  it  is  most  probablo 
that  this  compound  is  essentially  the  dicjatiide  more  or  less  Impure. 

Piatinocyanide  of  Diplatosammpnium,'ifm*'h.''Cj*QT^^*^*^'^^^*^^lCj*. 

■ — ^Precipitated  on  adding  platinocyanide  of  potassiam  to  a  solution  of  chloride  of 
diplatosanuDonium  (ammoniu-pliitinous  chlirulo :  see  Plattnvm,  ir.  67) ; — also  on 
adding  cyanide  of  potassium  to  chloVide  of  diplBtosaramoninm  ;  also  when  cyanogen 
gas  li  passed  into  a  solution  of  hydrate  of  diplatosamiue,  the  reaction  depending 
on  the  ffecnmposition  of  water,  the  element*!  of  which  imite  wuh  the  cyanogen,  form- 
ing hydrcicyanic  and  cynnio  ncids,  and  the  hydrocyanic  add  forming  platinocyanide  of 
diplatosanimonium,  ammonia,  land  water: 


N«H'«Pt2(H»0)  -t-  2HCy  .  N'H'PtCy*  +  2NH*  +  2H»0. 


It  is  a  white  cryBtalline  precipitate,  nearly  insoluble  in  cold  water,  but  may 
erj-iit«llised  from  boiling  water,  and  is  then  dcpusited  in  mioro«opic  hcxHg«>nal  tu.\ 
often  grouped  in  stars.     Heated  in  the  air.  it  takos  fire  and  bums  like  anuidou. 
dissolves,  without  dec^>mpoaition,  in  pntjiKh  and  in  amraonia.  also  in  dilute  aicids, 
is  decomposed  by  strong  nitric  and  sulphuric  acids.     With  nitrate  of  silver  it  forms  a 
precipitate  of  platinoc^'anide  of  silver,  while  nitrate  of  diplatosammonium  remains  in 
solution.     (Buck  ton.) 

Cyanide  of  PhtoMtnmonium,  (N'H*PL")"Cy*,  a  compound  isomeric  with  the  pre- 
ceding, is  obtainwi  by  digesting  chloride  of  plHtDJwimtnonium  with  cyanide  of  silver. 
The  decanted  liquid  is  yellow,  and  yields,  by  concentratinn,  slender  needles  of  a  pale 
yellow  cnloiir,  much  more  soluble  in  water  and  ammonia  than  the  platinocyanide  of 
diplatoHammoninm.    (Buck  ton.) 

Pfatiaooyanide  of  Potastium,  K*RCj-*  =  2KCy.PtCy«.— This  salt,  dl»- 
covered  by  Leopold  Gmelin,  is  pi-oduccd  by  fusing  cynnide  or  fcmxyanide  of  potassium 
with  platinum:  hence  platinum  crucibles  are  strongly  attacked  by  alkaline  cyanidcfc 
in  3  state  of  fueion. 
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Prrparalum.  I.  A  miztum  of  eqaal  parta  of  spongj  plAtinum  and  forracj«ntdo  of 
p<^t;u>eium  ia  hmted  nsArly  tu  redneM  in  »  cmcible  (if  the  h«at  applied  be  io- 
»ulllci*>Dt  the  ferrocranide  of  potosaiam  remainfl  andecompoaed,  and  if  it  be  too  grefti 
th«  platianm-mlt  w  decora poaed) ;  the  dum  i«  diasolved  io  water ;  th«  filtrate  orapO' 
rat«d  at  a  gentle  heat ;  the  warm  liquid  separ»t«d  by  deeautation  from  any  orystalB  of 
nndecomnMed  fexroe^nide  of  potaaaitim  tnat  may  have  been  formed,  then  left  Ui  cool 
tili  the  ptatiDom-aalt  is  cryataUmed  ;  and  this  §nlt  ia  purified  by  prewuro  between  paper 
and  recryataliiaation,  both  from  ferrocyanide  and  from  cyanide  of  potaseiam 
(Gmclin). — 2.  Tetrachloride  of  platinum  is  converted  by  beat  into  dichloride;  an 
Nqueoue  solution  of  cyanide  of  piLassium  ia  completely  eatorated  with  the  latter;  and 
the  filtrate  is  eraporiited  and  left  to  crystallise  (Knop): 

PtCl»  +  4KGy  =.  K'Pt'Oy*  +  2KC1. 

Since  a  large  quantity  of  platinum-salt  remains  disaolred  io  the  motheir-liqtior,  which 
ooDtaina  the  chloride  of  potaasium,  it  mimt  be  evaporated  and  mixed  with  sulphuric 
add :  hydrochloric  acid  is  then  evolved,  and  a  yellow  gummy  procipitato  formo<l,  con- 
•iflting  of  dicyanide  of  platinum,  which  aeparatea  almost  completely  on  boiling  the 
liqniowitli  oxcew  of  rolphoric  acid.  The  liquid  is  then  diluted  with  water ;  the  precipi- 
tate ia  throfwn  on  afilter,  washed  with  wRti?r,  and  di»tH)lvc<i  wUilo  hut  in  aqucouK  cyanide 
of  potassium ;  and  the  liquid  is  boiled  till  the  evolution  of  ammonia  (from  the  cyanate  of 
potassium)  ceases,  and  then  broaght  to  the  cr^iftiilliBiQg  point.  (Knop  and'Sehne- 
dorraann.) — 3.  A  ooneentratad  solution  of  tetrachloride  of  platinum  is  added  to  the 
aqueous  solution  of  cyanide  of  potassium,  and  the  mixture  ia  houted  till  the  precipitate 
consiBting  of  chloroplatinate  and  chloroplatiuite  of  potassium  is  redissolvi'd,  then 
left  to  crystallisa — 4.  Chloroplatinate  of  ammiAiium  surred  up  with  water  containing 
lumps  of  caostic  potash,  is  dissolved  at  100®  C  in  a  strong  aqueous  solution  of  cyanide 
of  potassium ;  the  solution  is  boiled  till  it  no  longer  gives  oif  ammonia ;  and  the  tiltrate 
is  left  to  crystallise.  In  this  manner  the  salt  is  obtained  quite  pore  in  needles  2  or 
2|  inehes  long,  and  a  line  iu  tiiickncss.  The  addition  of  caustic  potaah  prerent*  the 
formation  of  cyanide  of  ammonium,  and  of  thu  double  platinocyanide  of  ammonium  and 
potassium.     (Marti  as.) 

iVw/)*r<if<.— Platinocyanide  of  prjtassium  forms  long  rhombic  prisms,  yellow  by 
Lrancmitted  and  blue  by  reflected  light.  The  dominant  f^es  are  P  and  oeP.  Incli- 
nation of  odP  :  asP  =  97°:  P  ;  eeP  -  122<*.  The  crystak  contain  water,  their 
formula  being  K*Pt"Cy*  -••  3aq.  They  efRoreflce  rapidly  in  tlie  air,  becoming 
opaque  and  roee-colovuned ;  at  1 00"  C.  they  give  off  1 2-4  p.  c.  of  water,  assuming 
first  a  white  and  then  an  orange-yellow  colour.  At  a  higher  temperature,  the 
residue  gives  off  0*22  p.  c  mor»  valtir  (1262  p.  &  in  all),  again  becoming  white, 
and  ultimately  fusing  into  a  grey  and  yellow  mass,  which  is  very  apt  to  run 
over  the  sides  of  tho  v<flsel  (Gm  el i  n).  The  dry  salt  heAtcd  out  of  contact  with  th» 
air  does  not  decompose  at  any  temporature  between  400°  and  600°C.  (Eaop  and 
Schnederroann).  Niirie  arid  decomposes  the  salt,  forming  nitre  and  a  transparent 
and  coloarlees  jelly.  Mixod  with  an  equal  weight  of  fitroTip  rulphurie  acid  and  with 
water,  and  evaporated,  it  forms  a  yellow  tenacious  mass.  Dilute  sulphuric  acid  colours 
it  orange-yellow  (Gmelin). — It  dissolves  in  strong  sulphuric  acid  without  evolution 
of  hydrocyanic  acid;  the  solution  heated  to  the  boiling  point  yields  dicyanido  of 
pl.-itinnm  in  thick  yellow  flakes,  no  hydrocyanic  acid  escaping,  but  a  ip\&  which  burns 
with  a  blue  flame,  probably  carbonic  oxide.  If  the  quantity  of  water  added  to  the 
sulphuric  acid  solution  is  just  sufficient  to  produce  intense  heat,  the  cyanide  of  platinum 
still  separates  out;  but  if  too  much  water  be  added,  it  does  not.  (Knop  and  Schne- 
d  er  m  a  0  n.)  Boiled  for  some  time  in  aqumus  solution  with  chlorate  or  ckromate  of  po- 
tns$ium,  it  is  converted  into  plalinidcyanide  of  potassium.  The  same  effect  ia  produced 
\}y  ptragide  qf  lead,  with  formation  of  carbonate  of  pofasHium  and  carbonate  of  lead. 
d'kiorme,  bromine,  and  iodine  first  convert  it  into  plalinidcyanide,  and  afterwards  into 
R  oompound  of  that  salt  with  chloride,  bromide,  or  iodide  of  potassium.  (Marti us.) 
According  to  Hadow,  the  compounds  thiu  fozmed  consist  of  6  at.  platinocyanide  with 
1  at  CL  Br.,  &c.  (p.  266). 

Flntinooyanide  of  poUssInm  dissolves  abundantly  in  warm  watar,  bat  a  considerable 
p->rtion  sepontaa  oat  on  cooling. 

Quadrat  (Ann.  Ch.  Pharm.  Iziii.  167)  by  adding  dichloride  of  platinum  to  an 
aqueous  solution  of  cyanide  of  potasaiura,  and  evaporating  the  filtrate  to  tho  crystal- 
lising point,  obtiiined  well-defined  yellow  crvslalti  which  he  found  by  analysis  to  nf^reo 
with  Uie  formula  K"Pl'<\y"  +  2laq..  or  2KCy.6K*PtCy*  -f  21aq.,  and  from  thi^  salt 
he  obtained,  by  double  decompf>«i»inu,  a  uumbc  r  of  others  said  to  be  of  «iirailar  consti- 
tntion,  and  th«?refore  represented  by  the  general  formula  M  "Pt*Cy",  or  2MCy.5M»RCy . 
These  »alts  Quadrat  designatesuplatino-platinidcyanides.  The  potaasium-sili 
prepared  by  Quadrat's  method  has,  howover,  been  analysed  by  Oerliardt,  Laurent, 
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and  Scbafank,  who  all  ageee  in  assigning  to  it,  not  the  formula  g^ren  by  Qnadnt,  but 
the  foimuln  of  pl&tinocyaiiitio  of  pataAaitim,  EfPtCy*.  Hence  it  would  appear  that 
Quadrat'i  plfttino-platinidcyanidea  we«  merely  pbitinocyanidc*  nnt  quite  pure. 

Plfttinoojanido  of  potassium,  miiedin  Bolntion  with  other  soluble  platmocyanideB, 
yields  crystalline  double  salts  of  aoalogouB  composition,  and  of  mvteh  brighter  aad 
deeper  colour  than  the  cnmooaent  salt.  Haiinocyanide  of  potatrivm  and  aodtum 
(KNa)PtCy*  +  6aq.,  preparoa  as  above  or  by  decomposing  plntinocyanido  of  copper 
with  a  solution  of  the  earbonatpa  of  potassium  and  sodium,  forms  monoclinic  ctystals 
(ooP  .  [odP»]  .  [Pao  ]]  of  a  bright  orange  colour  by  transmittod,  and  steel-blue  by 
reflected  light,  with  Biskin-prcen  fluorescence.  The  salt  (K'Sr)Pt'Cy»  forms  mono- 
clinic  crrstalfl,  with  yellow  body-colour  and  bine  iridesceuco  on  the  surface.  The  salts 
(K*Ca)Pt*Cy*  and  (K»Ba)PtCy«  exhibit  a  fine  deep  gold  colour.     (Martius.) 

Platinoeyanide  of  Silter  is  a  white  precipitate,  resembling  cyanide  of  ailTer. — 
Platinocyanide  of  arffetU-ammonium  (NH'Ag)*PtCy •  is  obtained  by  dissolving  carbonate 
uf  silver  iu  ammonia,  and  adding  a  solution  of  platinocyanidc,  or  platinoseftquicyanide 
of  potassium.  It  forms  colourless  or  slightly  floah-coloured  needles,  insoluble  in  puiw 
wiiUjr,  but  soluble  at  the  boiling  heat  in  strongly  ammoniacal  water.  An  anunoniaeal 
Sfslution  of  nitrate  of  silver  mixed  with  ammonia  yields,  after  a  few  hotirs, 
which  appear  to  be  hydiated.    (Kaop  and  Schnedermann.) 

Piatinoeyanide  of  Sodivm,  Na^Cy^  +  xaq.,  obtained  by  boiling  the 
salt  with  carbonate  of  sodium,  forms  large  crystals  belonging  to  the  monoclinic 

Platinoeyanide  of  Strontium,  SrPtCy*  +  6aq..  prepared  by  satnmdng  hydr^ 
platiuocyanic  acid  with  carbonate  of  spront  um,  or  by  decomposing  the  oopper«alt  with 
Btrontia-WHtor,  forms  sometimes  milk-white,  sometimes  transparent  crystals,  which, 
when  exposed  to  the  air,  acquire  a  violet  tint  throughout.  When  left  over  sulphorie 
acid  for  twenty-fnur  hours,  they  acquire  a  splendid  purple  colour,  like  that  of  a 
solution  of  perraanganate  of  potiwsinm.  and  a  gold-green  metallic  surfiico-luBtre,  bnt 
on  exposure  to  the  air  for  a  few  days  they  completely  regain  their  previous  appear- 
ance. At  100'^  C.  the  salt  becomes  turbid  throughout,  and  acquires  a  deep  orange 
colour,  dtjept-r  tiiaii  iliat  of  the  dry  barium-ealt,  the  gold-groeo  surfiace-lustre  being  at 
the  same  time  changed  to  ainire.  At  l^i)"  C.  the  salt  beoomes  white  and  anhydrow, 
bnt  is  BO  sensitive  to  moistare,  that  when  breathed  upon,  it  immediately  acquires  & 
blackish-purplo  colour.     (Schafarik.) 

Piatinocyanide  of  Zino-ammonium,  (N'H*Zn)Tt"Cy*,  is  obtained  in  lugs 
colourless  crybtals  by  adding  platinocyanide  of  potassium  to  an  ammoniacal  aolutioa 
of  chloride  of  zinc. 

VlatHHdoyanldeB.  Platinomquicynnidei.  M«(Pt»)'»Cy'»  -  4MCy.(Pt»)'«Cy«'— 
Those  salts  are  produced  by  the  nction  of  nitric  acid,  chlorine,  bromine,  and  other 
oxidising  agents  on  the  plati nccyanides : 

3M'Pt"Cy'  +  0  =  M'Pt'Cy'"  -h  BfO  +  PtCy». 

They  have  a  peculiar  coppery  lustre,  and  ara  all  soluble  in  water  and  alcohol,  farming 
colourless  solutions,  excepting  the  lithium-salt,  the  solution  of  which  is  yellowish 
(Weselsky).  They  give  oflF  cyanogen  when  lioiitwl,  leiiving  a  residue  of  platino- 
cyanide. Like  the  ferricyanides,  they  separate  iodine  from  iodide  of  potaasium,  and 
exert  a  bloaching  action  in  presence  of  alkalis.     (Hadow.) 

According  to  Hadow  (Chem.  Soc.  Qu.  J,  xiii.  106),  tho  composition  of  tbc  pUtioid- 
cyanides  is  not  correctly  represented  by  the  formula  above  given.  For,  as  the  pro- 
portion between  the  platinum  and  the  basic  tnetal  is  the  same  in  this  formula  as  in 
thai  of  the  platinocyanidee,  it  is  not  C4i»y  to  see  how  the  plutinicyanidca  are  prodneed 
from  the  platinocyanidas  by  oxidation.  Weselsky 's  equation  supposes  that  platinum 
is  removed  at  the  same  time  as  the  basic  metal ;  but  this  is  regarded  by  Hadow  as 
inconsistent  with  the  known  stability  of  the  platinucyanides.  Moreover,  when 
plutiujdoyanidee  are  rodueed  to  platinocyanide*  by  the  action  of  potash,  no  (Tanide 
<if  p»tHjinium  appears  bo  be  formud.  Hadnw  concludes,  from  his  own  analyses  of 
the  platinidcyanides,  that  they  are  merely  platinoc^-anides  combined  with  a  certain 
quantity  uf  chlorine,  bromine,  nitryl.  &:c.,  according  to  the  oxidising  agent  and 
in  their  formation,  and  accordingly  divides  them  into  rkloritplalinfcyanidft,  brtmny- 
platinocf/anides,  &c.  The  compound  PtCy*.2KCl  (p.  267)  he  ^oga^tis  as  a  perdUoro- 
pliitiHoctjanide  of  potatjiium,  E'PtCy*,Cl',  in  which  the  platinocyanide  is  combioed 
with  the  maxtmtun  quantity  of  chlorine  that  it  is  capable  of  taking  up.  Mors 
over  as  6  moL  platiaocyanidB  of  potassium,  (K'PtCy*)',  require  6  mol.  chlorine, 
(6C1"),  to  convert  them  into  the  pert'blorocyanide,  whereas,  according  to  Hadow,  the 
chlopoplatinocyanide  re<juires  only  5  moL  chlorine  to  produce  the  same  compound,  be 
coocludee  that  the  formula  of  theVbloroplatinocjanide  is  (K«PtCy*)».Cl'.   On  this  view 
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Um  oxidtnog  action  of  tb«  mil  in  proAonoe  of  potaah,  without  foimation  of  cyanide  of 
poau*ium,  IB  «x|djitned  by  the  Aquation  : 

2(K*PtCy*)*Cl»  +  2K»0  »  12K»PtCy«  +  4KC1  +  0». 

I    ^10  chloroplatiiiocyanidcfl  lUAy  alflo  be  regarded  aa  oompoaada  of  platinocjauidea  and 
^^anQhloroplatinocyiiaidM : 

^Kk  (K*PtCy*)«Cl»  -  6K*PtCy*  +  K»PtCy*.a». 

And.  in  fact,  on  mixing  the  concentrated  solationa  of  the  platioocyanide  and  percliloro- 
piatiaocyanide,  the  copptr-eolourwi  ncedlca  of  the  chloroplatinocyanide  immediately 
■epAvate  oat.  On  the  other  band,  on  mixing  the  aohition  of  chlorophitiaocyanido  of 
fataamaa  with  a  line-aalt,  platinocyiuaide  of  sine  ia  precipitated,  and  perehloroplAtino> 
eyaaide  of  potaaeium  remama  in  solution. 

The  correapondittg  bromine-,  nitro-,  &c.,  componnda  are  aimil&rly  eonetituted  with 
Br,  NO*,  &c  in  place  of  CI.  No  iodioe-compounda  of  the  daaa  appear  to  exist,  but  an 
otytuipXaplatitUMyanide  of  pvtattium,  (K*PtCy*)*.2S0«,  ia  obtained  aa  a  coppor-rad 
naaa,  with  moea-Uke  rumificationa,  on  adding  peroxide  of  lead  to  a  eolution  of  pktioo- 
cyaoide  of  potaaaiom  acidulated  with  aulphnrie  acid. 

The  perchlomplatinocyanidea  give  witli  mercurout  nitrate  a  white,  and  with  enprie 
aalU  a  finely  pulremlent  blue  precipitate,  whereas  the  platinocyanidee  gtre  with 
Mermncwa  nitrate  a  amalt-blue,  and  with  cupric  aalta  a  flocculent  blue  precipitate. 
The  perehloroplatinocyaoidea  aeparate  iodine  from  metallio  iodidea,  and  when  im- 
mened  in  a  solntioa  of  platinocyanide  of  potaasium  immediately  become  eoFered  with 
copper-red  noedles.  The  chloro-  (or  bromo-,  nitro-,  Sec)  platinoeyanides  azhibit  the 
xvactiona  of  the  two  mlta  of  which  they  mny  hf  mnde  up. 

Ab  Hadow'a  r«'aalta  dif&r  from  thuiw  of  all  other  chumista  who  hare  examined  the 
WM^^^-*  "l-'Hidcyanidee,  the  compoeidoa  of  thcao  aalta  moat  lor  the  preeeut  be  oon- 
§iii<  !  .!. 

i  y 'in i(f«  o/^ mm o» turn,  (NH'')«Pt'Cv'»,cry8Uillj»e8  In  needlea  contain- 

ing 6  ni.  w»t«r  (KnopandSchnedermann).  They  liaTe  a  golden  yellow  metiiUic 
hwbe,  become  ateel-grey  at  150"  C.  with  partial  docompoeition,  and  lemon-yellow 
botwoen  1SU°  and  19U'^.     (Weaelaky.) 

Ptati/iidcyanidr  of  Lead,  Pb*Pt*Cy'»  +  6aq.— Th»§  salt  CTyatalliaea  on  cooling 
from  a  iolation  of  phitinocvanide  of  l«ui  in  warm  dilute  nitric  acid-  It  maylw  ol^ 
tained  pure  by  gradually  atiding  nitrii:  acid  of  npeciflc  grarity  1'2  to  a  mixture  of  the 
concentrated  aolntiona  of  plia.inocyanido  of  potassium  and  ncctitte  of  lead,  and  leaving 
the  mixture  to  cool  It  then  often  Bvparutes  in  nuedle-ahaped  cryatAla  2  inchea  long, 
having  a  light  red-lead  colour  in  the  body,  and  deep  luture-blue  on  the  eurfaao.  At 
40^  CL  they  gire  off  1  at  water,  and  aMsume  a  rermilioo  colour ;  between  50'*  and  SO* 
they  become  cherry-rod,  at  a  stronger  heat  fleah-red  ;  and  at  200",  perfectly  white  and 
anhydroua.     (C.  F.  Martins.) 

fiaiinidcyanide  of  Lithium,  Li*PtH)y'*  +  6aq.,  ia  very  soluble  in  water  and 
alcohol.     (Weaelsky.) 

Plctinideyanide  of  Magnesium  forms  a  bladuah  violet  satiny  mass  of  miero- 
Mopic  nocdlce.     (W  e  e e  1 »  k  y.) 

Ptaiinidejfanide  of  Potassium,  K*Pt^Cy^*  +  6aq. — Obtained  by  passing  chlo- 
rine into  a  worm  solution  of  platinocyanide  of  potasaium,  sufficiently  concentrikti>d  to 
deposit  crystals  <m  cooling,  till  amflll  copper-red  needles  begin  to  form  in  it  and  ulti- 
mately eonrart  the  liquid  into  a  thick  pulp.  The  passage  of  the  gns  is  then  dlMcnn- 
tinued,  the  mass  is  tlm)wn  on  a  filter  and  slightly  preniad,  to  facilitate  the  removal 
of  the  mother-liquor,  and  then  subject^  to  strong  pressure  between  folds  of  filtering 
paper.  It  is  punfiofl  by  recryst/illieing  it  eevend  times  from  the  amall<9t  possible 
qutttitity  of  boiling  water,  slightly  acidulated  with  hydnichloric  acid  to  saturate  any 
cyanate  or  carbonate  of  potassium  that  may  be  mixed  with  the  salt,  and  woidd  reduce 
it  to  platinocyanide  when  heat^.     (K  n  o  p. ) 

Platinidcyanide  of  potassiam  cryatallisea  in  beautiful  prisms,  green  by  transmitted, 
and  having  a  coppery  metallic  lustre  by  refli-cted  light  Viewed  in  the  mass,  it  re* 
•embles  a  tissue  composed  of  fine  needles  of  copper.  It  dissolves  easily  in  wat«r,  but 
is  insoluble  in  alcohol.  The  solution  forms  a  white  precipitate  with  mercuric  salts, 
deep  blue  with  mercuroua  ealta,  greeoish  blue  with  cupric  salts.     (Knop.) 

■Pha  »lt  is  easily  decomposed  by  heat,  giving  off  cyanogen,  then  acquiring  a 
brownish-yellow  colour,  and  ultimately  melting  to  a  brown  mnsn  (Kn  op).  Acconling 
to  Weselsky,  it  turns  dark  green  at  ISO**  C,  and  yellow  at  2{J0'',  without  losing  its 
laetallte  lustre.  When  left  over  sulphoric  acid  in  vacuo,  it  givea  off  part  of  its  water, 
turns  black,  and  is  afterwards  only  partially  soluble  in  water.  By  digestion  with 
potjish  it  is  reduced  to  pIatinocynni<le.  Strong  sulphuric  acid  dccomposfs  it,  with 
separation  of  a  yellowish  powder,  which  gives  off  cyanogen  at  a  red  hoitt,  and  leaves  a 
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rraidue  contaioing  platinum  and  potaaaiuin.  Wlion  digested  with  cold  coocentrtitad 
bjndrochlbric  acid,  it  flrat  tuniB  oraoge-yellow  and  then  white,  but  resumes  it&  cupper 
colour  when  heoted.     (Knop.) 

Uadow,  aa  already  obeerrod,  nvards  this  salt  u  platinocyanide  of  potasaium  tuiil 
with  I  at.  CI,  Br,  NO*,  &c.,  according  to  Lbe  oxidising  agent  nstid  in  ita  formstii 
that  ia  to  say,  as  (K»PtCy*)«Cl».  (KPtGy')«Br»,  &c.,or  as  a  compound  of  chloropl 
cyanide,  &c,,  with  perchloroplatiDocyauide,  &c.  (p,  2G7).  He  givce  as  the  ciisiwt 
method  of  preparing  the  chlorine  or  bromine  compound,  to  treat  ^  of  a  conceutruted 
solution  of  platinocyanide  of  p<jt.tuisium  with  oxccsa  of  chlorine  or  bromine,  and  aft«r 
gently  warming  it,  add  to  it  tlic  remaining  |  of  the  platinocyanide :  the  pore  o&lt  than 
saparates  out  after  a  ihort  time.  The  ciystAls  of  cMotoplatinoeyanide  of  potaMtmrn 
contain  K'*Pt*Cy«Cl'  +  21H»0,  of  which  18  at  go  off  at  lOO*  C,  the  rest  at  18$*. 
(Hadow.) 

Compound  of  Platinic  Cyanide  tpith  Chloride  of  Potastium,  PtCy'.2KCl  +  2aq. ; 
according  to  Hadow,  FercMorocyanide  of  Potastium,  K*PtCyVCl*  +  2aq. — Obtained 
by  dissolnng  platinidcynnide  of  potaasinm  in  nitromuriatic  acid  heated  nearly  to 
boiling  (Knop  and  Sch  nedermann),  or  by  adding  permanganate  of  potassium  to  a 
■olution  of  the  same  salt  acidulated  with  hydrochloric  acid  (Uadow),  aad  era' 
ting  at  the  bent  of  tiie  water-bath.  The  liquid  on  cooling  dcpnsit«  the  salt  in 
rhomboidal  platea  belonging  to  the  tricliaic  aystem,  very  soluble  ia  wat«r  and 
alcohol,  while  the  mflthcr-liquor  retains  chloride  of  potawium. 

The  salt  is  very  efflorescent  W>ii>u  heated  it  gives  off  cjanogen.  and  if  calcined  at 
a  gentle  heat,  leiires  a  residue  of  platinocyanide  ojid  chloride  of  potaiwiam ;  but  if  mor* 
strongly  heated,  leares  metallic  pbtinum  and  chloride  of  potassium.  When  solphurous 
add  gaa  is  passed  iuto  the  solution  and  the  Liquid  is  then  left  to  eraporate,  it  depodita 
erystabi  of  pktinidcjranide  of  potassium  mixed  with  platinocyanide.  A  similar  reduc- 
tion is  effected  by  zinc  and  hy  aiTimonia,     (Knop  and  Schnedermann.) 

CTAWZSis  or  PKOSFHORva.    See  page  255. 

CTAiriBE  Ol*  POTASSZTTWC.  CNK  =  KCy.  Thi.<)  salt  is  produced  It  the 
direct  combination  of  cjiinogon  and  potansium.  The  metal  absorbs  cyanogen  slowly 
at  ordinary  temporuture,  but  when  b<?ated,  it  quickly  takes  up  a  volume  of  the 
gas  equal  to  the  volume  of  hydrogen  which  the  same  quantity  of  potassium  would 
climiflato  from  water.  Potassium  heated  in  the  Tapoar  of  hydrocyaiiic  add  is  also 
eouTerted  into  cyanide,  with  separation  of  a  quatinty  of  hydrogen  equal  to  that  which 
it  would  eliminate  from  water. 

The  formation  of  cyanide  of  potassium  by  fusing  azotiecd  organic  matten  with 
carbonate  of  potawium,  by  ig'niting  nitrates  or  nitrites  with  organic  snbstaDoes,  and 
by  passing  nitrogen  giijt  or  atmoKpheric  air  over  an  ignited  mixture  of  charcoal  and 
carbonate  of  potassium,  has  been  alreadpr  mentioned  (pp.  198,  238), 

Preparation. — Cyanide  of  potassium  is  prepared  by  igniting  the  ferrocyanide  (yellow 
pn».«iiiate)  either  alone  or  mixed  with  carbonate  of  potassium.  Tlie  former  method, 
•whtiii  pr<)perly  ronilucted,  yields  a  pure  product,  the  ferrocyanide  being  resolved  bv 
heut  into  cyanide  of  potaasium,  carbide  of  iron,  and  nitrogen  : 

4CNK.(CN)''Fe  =  4CNK  +  FeC  +  N» 

One-third  of  the  cyanogtin  is,  however,  renolved  into  carbon  and  nitrogen,  so  that  only 
two-thirds  is  ubtainud  in  the  form  of  cyanide  of  potassium.  The  latter  method  yields 
A  laeger  product,  live<Bixtb8  of  the  cyunogen  remainiug  tis  cyanide  of  pr>tiissiuffl,  but 
the  Mlt  thus  obtained  is  mixed  with  cyaniile  and  carlKinate  i){  potassium : 

KTeCy-  +  K*CO»  =  oKCy  +  KCyO  +  C0«  +  Fe. 

The  presence  of  these  impurities  does  not  however,  interfere  with  many  of  the  pur- 
poses to  whicli  cyanide  of  potassium  is  applied  :  hence  the  proceiis  ia  frtsquently  u^rhI. 

X.  Bi/  iimpfe  tfftntiontrf  thfferroct/anidt.  Crvstallised yellow  prussiate is  dehydrati^l 
by  heating  it  on  nu  iron  plate  tUl  it  forms  a  dirty  white  mass  on  cooling.  It  is  then 
pulverised,  pressed  into  an  iron  crucihle,  and  the  crucible  with  its  cover  on  is  subjected 
to  a  moderate  red  heat,  till  a  sample  of  the  fused  mass  taken  out  on  a  glass  rod^  appears 
white  aiid  exhibits  the  aspect  of  porcelain  on  cooling.  The  crucible  is  then  taken  out 
of  the  fire,  left  at  reat  till  the  carbide  pf  iron  has  settled  down  to  the  bottom,  and  the 
ftised  cyanide  of  pota«i*iuta  is  poured  out  on  u  marble  slab  or  a  plate  of  polished 
metal.  Care  must  be  tfl,kci]  not  to  apply  too  strong  a  heut,  which  would  portly  decom* 
poee  the  cyanide  into  nitrogen  and  carbide  of  potaasium,  and  not  to  leave  the  fused 
maaa  too  long  in  contact  with  the  carbide  of  iron,  as  a  certain  quantity  of  fcrrocyantdt 
may  then  be  reproduced.  (Kobiquet*  J.  Pharm.  [3]  xviL  643;  Geigcr,  Ann.  Ch. 
rharm,  i.  44.) 

2.  Bt/  lijiiitinij  the  ftrroctfanide  with  carbonate  of  potassium.    Aa  intimate  mixture 
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of  8  pt&  •nhjditmt  femcjuiide  and  3  pta.  cHrl>onftte  of  pot«aunm  (the  proportion 
indicatM)  by  the  i?quatioD  above  given),  is  lotrodnced  byramli  portiona  into  a  cttBt-iron 
erocible  previoualy  heiited  to  low  rednesa.  After  aU  the  materiid  hoM  been  added,  th« 
crucible  u  kept  in  the  fire  till  the  melted  maaii  exhibita  on  cooling  the  aspect  of  por- 
■wliiii,  M  above  mentioned ;  it  is  then  taken  oat,  left  at  re«t  tiU  the  metalLc  ixoo  pro- 
daoedbj  the  dceomposition  has  settled  down,  and  th«  fiued  salt  is  poured  out ;  or  it  ia 
1*^  to  cool,  and  dissolved  oot  hj  water  or  alcohol  (F.  and  E.  Rodgere,  Phii  Mag. 
(SJ  iv.  93. — Liebig.  Ann.  Ch.  Plmrra.  xli.  28'>). — The  carbonate  of  potassium  used  in 
thia  prrparftlion  must  be  free  front  eulphate,  which  would  be  reduced  by  the  cyanide  to 
sulphide.  An  iron  crucible  is  prcftrable  to  an  earthen  one,  because  the  latt«r  is  pene- 
trated by  the  ftised  salt,  and  imparta  silica  to  it.  (Htidlen  and  Frcscnius,  Ann. 
Ch.  Pharm.  xlili.  130.) 

3.  Oyanide  of  potassium  may  also  be  prepared  by  igniting  in  •  covered  crucible  a 
mixture  of  10  pts.  pnissian  blue  and  13  pts.  carbonate  of  potassiom,  and  ejdmusting  the 
cooled  maas  with  water  or  alcohol.  Also  bv  throwing  cyanide  of  mercury  on  carbonate 
of  potaasJTim  heated  nearly  to  redness.     (F.  and  R  Rodger  a.) 

4.  The  attempts  to  prepare  cyanide  of  potassium  on  the  manufacturing  scale  by 
niiMiis  of  atmoepheric  nitrogen,  Iiave  already  been  described.  The  salt  is  often  pro- 
dttced  in  coDsia«*rable  quantity  in  the  blaat-ftimaoea  in  which  iron  oires  are  amelted 
with  coal  or  coke ;  hence  Bonsen  has  suggested  the  construction  of  a  blast -i^imace 
expressly  for  the  pro<luction  of  cyanide  of  potassium,  the  furnace  being  6Ued  with  coke 
or  charcoal  and  potash  in  alternate  hirers,  the  whole  intensely  heated  under  the 
inihieaee  of  a  strong  bloat,  and  the  ejaoide  running  down  into  a  reeeiver  at  the  bottom. 
(J7«Mrte  of  the  DritUh  AatociatUm,  1846,  p.  186.) 

Propuriits.  —  Cyanide  of  potassium  crystallises  in  transparent  eolonrleas  cubes  or 
fomw  derived  therefrom.  It  is  inodorous  when  dry,  but  when  exposed  to  the  air  ic 
tba  mojat  state,  it  is  decomposed  by  the  carbonic  acid  of  tlie  air,  and  exhalee  the  odour 
of  pnaaie  acid.  Its  taste  is  acrid  and  caustic,  somewhat  like  that  of  bitter  almonda. 
It  ia  ytsgj  l^ble,  melting  at  a  dull  red  heat  to  a  transparent  liquid,  which,  on  eooline, 
■olidiilei  to  a  dull  opaque  mosa  having  the  aspect  of  porcelain.  At  a  white  heat  it 
appean  to  volatiliso  without  dcoompoeition.  It  has  an  alkaline  reaction,  and  is  in- 
tensely  poisonous. 

Cyanide  of  potassium  is  easily  soluble  in  VBOter  and  very  deliquescent  so  that  it  must 
alwiiyB  be  kept  in  tightly  closed  vessels.  It  likewise  dissolves  readily  in  kydrtUed 
tUooiol,  bat  is  insolubl<.>  in  absolute  alcohol, 

Ihet>mpontiirHS. —  1.  The  aqueous  solution  of  cyanide  of  potassium  may  be  kept 
nnalterea  in  closed  vesaels  at  ordinary  temperatures,  but  when  boiled,  it  is  resolved 
into  ammonia  and  formate  of  potosrium : 

CNK  +  2HH>  -  CHKO»  +  NH'. 

The  cyanide  heated  with  hydratt  of  poteutium  likewise  yields  ammonia  and  formate  of 
potassium,  at  first ;  but  the  latter  compound  is  resolve^  before  the  heat  rises  to  red- 
nesa,  int/>  hydrogen  and  carbonate  of  potassium  (Felouse). — Hence,  as  6ay->Lus8ao 
long  ago  observed  (Ann.  Ch.  Fhys.  viii.  440),  ammonia  Is  likewise  evolved  when  hot 
cyanide  of  potassium  in  dissolved  in  water,  or  cold  cyanide  of  potassium  in  hot  water. 

2.  When  the  solution  is  boiled  down  in  contact  with  the  air,  hydrocyanic  acid  is 
evolved,  and  there  remains  more  carbonate  than  formate  of  potassium.  When 
moist  or  dissolved  cyanide  of  potassium  is  exposed  to  the  air  at  ordinary  temperatures, 
itgraiduaDy  absorbs  carbonic  acid,  gives  off  hydrocyanic  acid,  and  is  converted  into 
caibonate. 

5.  Cyanide  of  potassium  detonates  violently  whoa  heated  with  nitraU  or  chlorate  ol 
potaaainm, 

4.  Cyanide  of  potassium  onder  varioos  circumstances  takes  up  1  at  oxyggi^,  and  is 
therdby  converted  into  cyanate.  This  effect  takes  pbice,  though  very  alowly,  when  the 
eyanioe  ia  Aiaed  in  contact  with  the  air ;  more  quickly  when  it  is  ftued  with  peroxide 
of  mangaiMae^  arsenic,  antlmotiy,  lead,  or  with  the  oxide«  of  tin,  iron,  or  copper  —  in 
the  last  case  with  ignition.  The  peroxide  of  raftngancse  is  thereby  reduced  to  protoxide, 
and  the  other  oxides  to  the  metallic  state.     (Liebig,  Ann.  Cb.  Pharm.  xli.  289.) 

5.  Cyanide  of  potassium  fuued  with  tulphate  of  poiattium,  yields  cyanate  and 
sulphioe  of  potassium  (Liebig). — Cyanide  of  potassium  may  hkewise  exert  a  re- 
ducing action  io  the  moist  wa^;  thus;  ftxim  aqueous  o/Zcu-an,  after  a  few  hours,  it 
throws  down  dialorate  of  potaasium.     ^Liebig.) 

6.  Cyanide  of  potassium,  fused  with  tulpmir,  is  converted  into  sulphocynnnto 
(PorrettX  and  similarly  when  heated  with  sulphide  of  antimony  or  sulphide  of  tin, 
the  fused  metal  separating  out  (Liebig). — Sulphur  does  not  dissolve  in  aquooua 
cyanide  of  potaaaiom,  but  selenium  dissohres  raaoily,  even  at  oidiuary  temperature*. 
(Wiggers,  Ann.  Ch.  Pharm.  xxix.  319.) 


871* 


CYANIDE  OF  rOTASSIUM. 


7.  Cyanide  of  potassium  boiled  with  iodine  taken  ap  a  lai^  qoiuitity  of  that  nb> 
Htance,  fonniug  first  a  brown  and  aflerwanls  h  uolonrleus  Liquid,  which  solidifLes  on 
cooling,  and  fonns  a  crvrtalline  magma  of  iodide  of  cyanogen  (Licbig.  Ann.  Ch. 
Pharm.  L  365).  Probably  in  this  manner:  KCy  +  P  =  Kl  +  Cyl.  According  to 
Langloifl  (Ann.  Ch.  Phj§.  [3]  Ix.  220),  the  crystala  consist  of  a  corapouQd  of  cyanide 
of  potaMinm  witli  iodide  of  cyanogen.    (See  CYAirooHir,  Iodipb  of.) 

8.  CVanide  of  potassium  tekes  up  iodide  of  Hiiroaen  without  any  evolution  of  gas; 
the  colourleaa  solution  eraporated  in  raeoo,  yields  a  cryitaUo-gTanular,  very  deli- 
quescent mass,  the  solution  of  which  smells  of  iodoform,  and  pr-^duces  a  yellow  pra- 
cipit.ate  with  corrosive  sublimnte.    (Millon,  Ann.  Ch.  Phj-s.  |2]  Ixix.  78.) 

Cyanide  of  potatisitim  forms  numerous  compounds  with  other  mctuUic  cyanides,  tiM 
description  of  which  is  given  with  those  cyiinidea. 

tr«M.— Cyanide  of  potassium  is  of  great  use  to  the  experimental  chemist^  both  tof 
its  reducing  and  its  solvent  powers.  As  a  reducing  agent,  it  is  nearly  equal  in  poiff' 
to  potiiKiium  itisflf,  and  is  esju'cially  useful  in  blowpipe  reactions.  Aa  a  solvent,  it  ^ 
inucli  used  in  auiilysis  for  nfparating  metals  one  from  the  other,  e.g,  cobalt  feaS 
nickel  (i.  1047),  copper  from  bismuth,  cadmium,  &c.  (p.  62) ; — also  in  ntrioaB  procesMW 
cf  volometrie  analysis,  the  estimadoa  of  copper,  for  example  (p.  48).  It  is  used  in 
mcdiciut*  &>r  the  same  purpose  as  prussic  acid  ;  and  by  photographers  for  fixing  prooA 
on  moitit  coUodiou,  and  for  removing  stains  of  nitrate  of  Biivcr  from  the  hands,  wbidi 
.  it  does  by  forming  a  soluble  double  cyanide  of  silver  and  potassium.  This  lost  mode 
of  cmployiDg  it  is,  howerer,  very  dangerous,  as  if  it  comes  in  contact  with  a  cut  or 
scratched  sorfaee,  it  is  apt  to  produce  painful  and  troublesome  sorea,  and  may  ereo 
give  rise  to  dangerous  symptoms  of  pouwning.  The  removal  of  silver  stains  may  be 
quite  us  well  t'fiWteU  by  means  of  a  solution  of  iodine  in  iodide  of  potnisium.  (S«e  a 
paper  by  M.  DaTanne^  lUpf^toire  de  Chimie  appUmtiet  yUy  1861,  p.  182.) 

Cyanide  of  potassium  is  extensively  used  iu  galvanic  gilding  and  «DverLng,  indeed, 
the  chief  consumption  of  it  is  for  thin  purpose. 

Triting  and  FW«o/ti>n.— Commercial  cyanide  of  potassium  may  contain  the  following 
impuritips:  Carhonatf  t\f  Potassium.  This  salt  remains  behind  when  the  cyanide  is 
dissolved  in  hot  alcohol  of  36°  Bm. — Chloride.  The  salt  ignited  with  2  pts.  of  nitPB 
and  10  pts.  carbonate  of  potassium  {both  free  from  chloride),  then  dissolved  in  w«f(»r 
and  super-aatnrated  with  nitric  acid,  precipitates  nitrate  of  silver. — Cyanate.  Containrd 
in  the  cyanide  prepared  by  Rodgers'  proc«>88,  and  separates  from  the  hot  solution  in 
laminsB.  If  the  portion  of  the  cyanide  which  is  soluble  in  alcohol  of  36^  Bm.  gives  off 
carbonic  acid  on  addition  of  acids,  and  forms  a  precipitat*  of  carbonate  with  barium- 
Mlta,  tlie  prwenoeof  cyanate  may  be  inferred  (p.  192).— /'"( rrocijanide.  Precipitate  of 
pnuwian  bW  with  a  ferric  nalt  (which  must  be  quite  free  from  ferrous  salt),  after  satu- 
ration with  hydrochloric  acid.  With  sulphate  of  copper,  a  precipitate  which,  on  addition 
of  hydrochloric  acid,  does  not  funi  white,  but  red. — FormaU.  The  salt  blackens  on 
ignition.  Also  on  expelling  the  hydrocyanic  acid  from  the  solution  by  a  stream  of  car- 
Imnic  acid,  evaporating  to  drj'ness,  ^hansting  with  alcohol,  again  evaporating  and 
distilling  the  residue  with  dilnt«  sulphnric  acid,  formic  acid  passes  ovei*,  and  may  be 
nvognised  by  ita  power  of  reducing  silver  and  mercury-gaits. — SUicate.  Beddiie  of 
pilica,  after  BupersataratioD  with  hydrochloric  ncid,  evajjoration  to  diyneas,  and  digM- 
tion  in  w&ier.  —  Sidphotc.  Precipitate  with  barium-saJts  after  supersatnration  with 
hydrochloric  acid. —  Sulphide.     Dirty  precipitate  with  lead -salts. 

The  proportion  of  pure  cyanide  of  potassium  in  a  given  sample  may  be  estimated  tiy 
mciins  of  a  st^indard  solution  of  nitrato  of  silver.  Since  1  at.  cyaniae  of  potaasiun  is 
reqiuired  to  precipitate  1  at.  silver,  and  1  at.  more  cyanide  of  potassium  to  redis- 
Bolvo  the  precipitate  as  cyanide  of  silver  and  potassium,  KAgCy,  it  follows  that  1  at, 
ailver  predpitaf^sd  and  redissolved  corresponds  to  2  at.  cyanide;  or  108  pts.  to 
2  X  6fi  »^  130  pt&  cyanide  of  potassium.  (Glassford  and  Napior,  PhiL  Mng.  [3] 
XXV.  68.) 

A  better  method  is  that  proposed  by  Fordos  and  Gelis  (J,  Pharm.  [3]  xxiii.  AH\ 
depending  on  the  reaction  of  iodine  on  cyanide  of  potassium.  5  grammes  of  the  salt 
tinder  examination  are  dissolved  in  water,  and  the  solution  is  made  up  with  water  to 
hulf  a  litre.  Of  this  solution  20  c.  c.  are  introduced  into  a  flask  of  about  2  litres 
capiu-ity,  tc^ethor  with  a  litre  or  1|  Ktre  of  water.  On  the  other  hand,  an  alcoholic 
■ofution  of  iodine  is  prepared  containing  40  grammes  in  a  litre,  and  this  standard 
liquid  is  poured  from  a  burette  (divided  into  cubic  centimetres)  into  the  solution  of 
the  cyanide,  till  the  liquid  become*  permanently  yeDow.  The  quantity  of  iodine  re- 
quired to  produce  thia  effect  is  then  read  oflC  264  pts.  iodine  correspond  to  66  pts. 
cyanide  of  potassium. 

CY-JUBXDB  or  ^mop-KX  or  T&ITTZ..    C*H^N  =  C*H*,  ON.— Identical  with 
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crrAJrzSBB  or  shodzitk.  Tho  tri cyanide,  Rh*Cy*,  is  jrrecipitAted  aj 
•  fins  c&rmiDe-coloarnl  povdor,  on  adding  strong  jurotic  Acid  to  •  solntiOD  of  pot&s«io- 
rbodic  cyuiideu  It  disMkefl  in  cyanide  of  potaosiiini,  and  u  decompoaed  by  ignition, 
Wring  metiilHc  rhodium  diiBcalt  to  attack  with  acidi.     (Martins.) 

Fotatsio-rhodic  Cf/anide,  K»Rh»Cy"  =  6KCy.Rh»Cy,inaybeprop»r»d  liketJui 
COKN^ionding  iridium-Balt  (Clnua,  p.  323),  or  by  igniting  rhodium  with  ferrocyanide 
of  potusium  (Mar  tin  a).  It  reaombloa  the  iridium -suit,  but  is  distingoished  there- 
fttm  bj  its  roActioa  with  act>lic  acid  &»  just  mentioned,  the  iridium-salt  when  treated 
in  the  same  nannor  remaining  unaltered.     (Glaus,  Martias.) 

OTAVZ3>fi8  or  nTTTUmmTMna,,  Ruthtniocaanide  of  Potatfinm, 
K*Ra"Cj*  4-  3aq.,  is  obtained,  like  the  iridium-salt,  by  fostog  1  pL  of  ohlovo* 
rath«>alat«  of  ammonium  with  1^  pta.  pulTcrised  cyanide  of  potassinm,  diitaolniig 
th«  fused  maw  in  boiling  water,  and  leaving  the  filtrate  to  cooL  If.  crystallises  in 
•niAlI  tnuupanoit,  coloorldss  square  tables,  having  their  edges  troncsted  by  ootahednd 
Ucet,  It  is  iflomnrphoua  with  ferrocyuude  of  potassium,  and  crystallisoi  with  that 
nit  in  all  proportions ;  consequently  it  cannot  be  obtaini'd  pure  V>v  fusing  ruthenium  or 
any  of  ita  salts  with  ferrocj-anide  of  potaasium.  When  heat«d  with  hy(UO«bloric  acid, 
it  gjres  ofFpruBsic  acid,  and  after  some  time  yrields  a  de«p  violeUblue  precipitate,  con- 
sisting of  cyanide  of  rut  henium  mixed  with  a  small  quantity  of  cyanide  of  potas- 
sium. The  solution  of  the  salt  treated  with  chlorine  gas  assumes  a  brown-yellow 
colour,  quickly  changing  to  dark  green ;  probably  a  nithenicyanide  of  potassiom,  aaalo* 
gouB  to  the  ferricyanide,  is  formed,  but  no  crystalline  compound  is  obtained. 

The  reactions  of  rutheai&eyanide  of  potassium  with  raet^ilUc  salt«  are  similar  to 
those  of  the  fcrro-  and  osinioc^vanidea  (pp.  247,  '2.')9).  Tiz.  a  li^ht  violet  precipitate 
with  ftrrous,  dark  riolet-blue  with /irm  salts  ;  dirty  red-brown  with  cnpric  salts ;  whit* 
«iLh  mercwroua  nitrate,  acetate  of  lead,  and  sulphate  of  zinc .  with  UlraeMoride  o/pla 
timum  it  fonns  m  dark  brown  solution.     (C  la  u  s,  Jahrtsb.  f.  Chem.  18fi6,  p.  446.) 

Eutkrnioeyanidt  of  Hydrogen,  H'RuCy*,  is  precipitated  by  hydrochloric  acid 
and  ether  from  the  solution  of  the  potassium-salt,  in  white  nacreous  lamiuo!,  which 
have  a  strongly  acid,  somewhat  astringent  taste,  dissolve  readily  in  wmter  and  in  alco- 
hol, and  merely  acquire  a  faint  bluish  colour  when  exposed  to  the  air.     (Clans.) 

Ruthenium  and  osmium  are  tho  only  metals  of  the  platinum  group  whose  potassio- 
cyanides  are  converted  into  bydrogen-ftalts  in  the  manner  just  mentioned.     (Glaus.) 

CTAKI1>B  or  BZAVm.  AgCy.— Obtained  by  precipitating  nitrate  of  silver 
with  a  soluble  cyanide.  According  to  Glassford  and  Napier,  the  purest  product  is  ob- 
tained by  using  as  tho  precipitant  a  sol  ition  of  cjriinide  of  BUrer  and  pota.ssinm. 

Cyanide  of  silver  is  a  while  powder,  insoluble  in  water,  very  slightly  soluble  in  boil- 
ing dilute  nitric  acid,  easily  in  ammonia.  It  is  easily  decompoaed  by  hydrochlorio 
and  sulphydric  acids.  Heoted  in  the  dry  state,  it  gives  off  half  its  cyanogen,  with 
violent  effervescence  and  a  glow  extending  through  the  whole  mass,  And  leaves  a 
mixture  of  metallic  silver  and  paraeyanido  of  silver.  (See  PABACYAXoaar ;  also  Gm. 
viii.  27.} 

Cyanide  of  silver  disHslvea  in  the  aqueous  solutions  of  the  cyaniJi-s  of  potassium, 
sodium,  barium,  strontiura,  and  calciun^  forming  double  cyanides,  MAgCy',  whose 
solutions  are  not  precipitate<l  either  by  metallic  chlorides  or  by  caustic  alkalis,  but 
are  decomposed  by  acirls,  with  separation  of  cyanide  of  silver.  It  dissolves  also  at  the 
boiUng  heat,  in  the  chlorides  of  potaesium.  eodiura.  barium,  calcium,  and  magnesium, 
and  in  fcrro-  or  femVyanide  of  potassium,  the  solution  containing  crystallisttble  cyanide 
of  sih-vr  and  potassium. 

Am  moniocyanidt  of  Silver,  cr  Cyanide  of  Argmtammonium,  NH*Ag.Cy, 
ii  formed  on  pouring  a  dilute  solution  of  nitrate  of  stiver  into  a  hot  mixture  of  ammo- 
nia and  prussic  acid,  and  sepanitM  on  cooling  in  largo  colourless  plates,  which  give 
off  all  their  ammonia  when  exposed  to  the  air.  (Liebig  and  Redtenbscher,  Ann. 
Ch.  Pharm.  xxxviii.  120.) 

Hitroeyanide  of  Silver,  AgN0*.2AgCy,  is  a  arstalline  salt  obtained  by  dis- 
■olvinc;  recently  precipitated  cyanide  of  sUver  m  a  moderately  concentrated  and  boil- 
ing solution  of  nitrate  of  silver. 

Cyanidi  of  Silner  and  Potaa^iutit,  AgKCy'  —  KCy.AgCy,  cry8tallij<ies  in 
eoIoatlaM  octahedrons,  hexagonal  phites,  and  rhomboidat  prisms,  the  latter  when 
driwl  nt  lOO^C.  containing  ^  at.  water  (Ag'K'Cy*  +  aq.)  (Ols."tsford  and  Na- 
pier)  It  is  permanent  in  tho  air,  soluble  m  8  pts.  cold  and  1  pt  boiling  water;  dis- 
solves also  in  boiling  alcohol,  and  crystallises  therefrom  on  ivxiling  (Glassford  and 
Napier).  According  to  S.  Baup  (Ann.  Ch.  Phys.  [3]  liii.  462),  the  pure  salt  erys- 
tallisea  on  cooling  in  plumose  humelhe,  and  hj  slow  evaporation  in  six- sided  prisms 
(the  liiombofdal  pristau  observed  by  (Jkssfoid  nnd  Napier  consist  of  a  cyanide  of 
«iilv«r.  potassium,  and  sodium  to  be  presently  noticed).     It  requires  for  solution  4  ptM, 
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water  at  20°  C^  and  26  pta.  alc-obol  of  25  pr  cent,  at  the  same  temperature.  It  does 
not  becomfl  coloiirad  hy  t'xpoMuro  to  Bunlu^ot.,  neither  does  it  stain  pap^^r  atid  tlie  skin 
like  other  silver-salts,  Tho  c)-anide  of  silver  precipitated  from  the  solution  by  nitric 
acid  IB  likewise  unalterable  hy  light. 

Cyanide  of  silver  and  potaaatum  is  used  for  galvanic  gilding.  When  it«  solution 
in  subjected  to  the  action  of  the  battery,  metallic  silver  is  deposited  at  the  iif^ire 
pole  in  a  compact  aJlieriag  layer,  while  nt  the  positive  pole,  where  u  strip  of  silver  is 
plticed,  «  quantity  of  the  metal  is  continuully  dissolving  equal  to  that  which  i«  depo«fed 
at  the  other  poic.  The  silver-bath  may  Ik;  proparcfl  by  dissolving  cyanide,  dlloride, 
or  any  other  sdver-salt  in  cyanide,  ferrocyanide,  or  ferricyanide  of  pot-aasium. 

Cyanide  of  Silvfr  and  Sodium,  NaAgCy",  obtained  by  satnrating  a  nolu- 
tion  of  cyanide  of  sodium  with  cyanide  of  silver,  fonus  anhydrous  laminar  crystals, 
soluble  at  20^  C.  in  6  pLs.  of  water  and  24  pts.  alcohol  of  8a  per  cent,     (Baup.) 

Ct/nnide  of  Silvtr,  Potaasium,  and  Sodium,  2KAgCy».NaA«Cy».cry»talli*ei 
froui  the  mother-liquor  oif  commercial  cyanide  of  silvcrr  and  potassium,  the  sodium  being 
derived  from  the  impure  potash  used  in  the  preparation  of  the  cyanide  of  potu^sium. 
It  crystallises  in  anhydrous  rhomboi'dal  prisms,  being  in  fact  the  ualt  regarded  by 
Glassford  and  Napier  as  one  of  the  forms  of  cyanide  of  silvpf  and  potaaainm.  Ik 
dissolves  in  4  4  pU.  water  at  IS*'  C  and  in  22  pta.  alcohol  at  17°  C. 

The  solution  of  either  of  the  double  salts  above  mentioned  forms  white  prectnitates 
«-itb  the  salta  o{ mafiganese,  rinc,  cadmium,  lead,  and  mercuricitm^  greeniwh  vnth.  jtrroH* 
SHlti»,  pule  red  with  cobalt-9oXi»,  bluish-whitet  with  eupric  salts,  white  with  vurrttrie 
salts,  all  these  precipitates  coiuLsting  of  compounds  of  cyauide  of  silver  with  another 
metallic  cyanide. 

CTAirzni!  or  SOUZTTM*  NuCy,  may  be  obtained  by  the  same  methods  aa 
cyuuiil<-  of  potusi^ium,  hut  dof»  not  form  so  easily.  F.  and  E.  Rodgers  calcine  6  to 
10  pts.  Prussian  blue  >vith  10  ptfl.  dry  cjirbonftte  of  sodium,  and  exhaust  the  ignited 
tnass  with  boiling  alcohol,  from  which  the  cyauide  of  sodium  crj'atalliaea. 

CTAIS^XSS  or  8TTST&.    Cyanide  of  a nnj/i    C'lPN  =  C*H»Cy,— Obtained 

by  heatin:^  iodirlo  (*f  styrvl  with  an  alcoholic  solution  of  cyanide  of  potassium  in  sealed 
tubes.     On  mixing  the  oily  layer  of  liquid  thereby  produced  with  water,  and  addi 
chloride  of  sodium,  the  cyanide  of  styry]  separates  as  a  yellowish-oil,  easily  soluble 
ether,  slightly  in  alcohol,  iasoluble  in  water.     When  treated  with  potash,  it  gives 
ammonift  and  be*vimt>3  resini.-<ed.     (Ramdohr,  Zoitschr.  Ch.  Pharm.  1858,  p.  118.) 

CTAVZDB  OP  TSTK-rX..  Cyantdf  of  Butyl.  VaJfronitrify.  C*H*N  =  C*H^. 
■  —This  body  is  produced  by  dehydrating  valerate  of  ammonium,  C*H»{NH*)0',  or  vale- 
ramiile,  N.H'.C*H*0,  with  anhydrous  phosphoric  acid  (Dumas,  Malaguti,  and  Le- 
blanc,  Compt.  rend  XXV.  653).  It  was  diBcovered,  in  1846,  by  Schliepcr  (Ann. 
Ch.  Pharra.  lix.  15)  among  the  products  of  the  di^romjiosit  ion  of  gelatin  by  chromic 
acid,  and  has  been  found  by  Guck  elbcrgcr  {ibid.  Ixiv.  72)  among  the  productaof  the 
oxiilation  of  casein. 

Frejuiration  from  Glue. — 2  pts.  of  glue  are  left  to  swell  up  in  60  pts.  of  water ;  15  pte. 
of  Kulphuric  add  are  added ;  the  mixture,  after  cooling,  is  poured  into  a  retort  con- 
taining 8  pts.  acid  chromate  of  potassium,  and  distilled  till,  t'Owards  the  cod,  the  liquid, 
which  becomes  continually  greener,  no  longer  boils  quietly  but  begins  to  froth  strongly. 
The  distillate  thus  obtained — which  is  wliite  and  turbid,  haa  an  acid  reaction,  and 
wneUfl  strongly  of  hydrocj-anie  acid  —  ia  rectififd  over  mercuric  oxide,  which  decom- 
poses the  formic  acid  present,  with  evolution  of  gas,  and  retains  the  hydrocyanic  acid 
m  the  form  of  cyanide  of  mercury ;  and  the  liquid  which  first  pnases  over,  mixed  with 
oily  drops,  is  collected  apart  and  several  times  fractionally  rectified  per  se.  till  the  oil 
which  pusses  over  is  accompanied  by  only  a  small  quantity  of  watery  liquid— then  st 
a  gentle  heat  over  magnesia,  to  retain  benzoic  acid,  tlie  receiver  being  changed  as 
soon  as,  in  place  of  a  transparent  colourless  oil  and  a  clear  watery  liquid,  a  milky 
liquid,  gradttttlh'  depositing  oily  drops,  begins  to  pass  over.  The  Erst  oil  is  dehydrated 
by  aneans  of  chloride  of  calcium,  and  slowly  distilled;  the  receiver  changed  at  110*  C, 
because  that  which  passes  over  at  90°  is  chiefly  valej-aoetouitrile,  while  at  110**  the 
mixture  of  that  body  with  cyanide  of  tetryl,  and  from  110°  to  140**  principally  the 
latter  distils  over;  and  this  last  distillate  is  subjected  to  two  more  distillations,  the 
portion  which  distils  over  botweon  122°  and  130*^  being  collected  apart,  in  the  former, 
and  that  which  paases  over  between  124°  and  127°  in  the  latter:  this  latter  portion  is 
pure  cyanido  of  tetrjd.     (Schliepcr.) 

From.  Casein, — 1  pt.  of  casein  is  dissolved  in  a  mixture  of  3  pts.  sulphuric  acid  and 
fi  pts.  water  contained  in  a  retort ;  a  solution  of  2  pts.  acid  chromate  of  potassium  in 
10  pts.  water  is  added  (a  largiT  quantity  would  produce  valerianic  acid  instead  of  fjiinide 
fif  intryl) ;  the  reaction  which  ensues  is  moderated  by  the  addition  of  14  pt«.  more 
water  (30  pta.  in  all) ;  the  distillate  is  shtiken  up  nnd  redistilled  with  meivuric  oxide ;  the 
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<Ii«tiI]at«  iha«  obtAinfd  i«  noufnliAed  viCh  clinlk,  and  redifltill(>d  ;  «nd  the  nf utnl  dia- 
liiiate  IB  frabiect«>d  to  repwitt'd  frar-tional  rwrtificntion,  wheri'by  th«?re  is  ubUiiD«d,  ftret  a 
milky  distillAte  mixed  with  <!rv»f«  of  c«loitrl»JM  oiL  nnd.  ultimately  the  latter  only. 
When  this  distilliit^  is  further  rectified,  propylicaldido  paases  over  beJow  120°  C,  and 
between  120"  and  \HP  chiefly  cyanide  of  tetryl,  which  nmy  be  purified  by  r#-peHt<'d 
rsctiftcntioii,  the  fl»t  and  laat  portions  that  pa«a  over  being  set  aside.  (Guckul- 
berger.) 

Cyanide  of  tetryl  is  t  tnuuparent^  oolonriess,  Tory  thin  liquid  which  n-fracts  light 
•trongly.  Sperific  grarity  081  (Schlieper);  0-813  at  16"*  C,  (Ouckelbergerl. 
It  Iwili  St  125=  (Schlieper);  at  125°  to  128"  (Ouckelbereer).  Vapour-denaity 
-=  2*892  (Gnckclborger).  Smells  like  bitter  almond  ou  and  sjJicylous  acid 
(^chlieper),  and  bua  an  aromatic,  burning,  and  bitter  taste  (OiiekelberRer).  It. 
makes  a  transit^nt  grea«e-spot  upon  paper.  It  diasolTes  in  abont  four  timea  its  Tolunie 
of  water  and  mixea  in  all  proportions  with  a/toAo/  and  fth«r.    (Ouckelbereer.) 

Cranide  of  tetrj-l  when  set  on  fire,  burns  with  a  white  luminous  flame,  and  without 
enioke.  In  sunshine  it  is  decomposed  by  cUitrine  or  bromine,  with  formation  of  hydnv 
chloric  or  hydrobrotnic  acid  (Schlieper).  With  strong  tulphuric  arid  (also,  accord- 
ing to  Guckelberger,  when  distilled  with  dilute  aulphuric  acid),  it  is  resolved  into  sul- 
phate of  ammouia  and  ftee  Talmanio  acid  (Schlieper): 

CNH*  +  2H»0  =  NH'  +  C*H'«0». 

Nitric  add,  hydrochloric  add,  and  ammonia  hare  no  action  upon  it  (SchlieDer). 
With  aqueous  ftxed  nika/is,  it  is  eueily  resolved  into  a  valerate  of  the  alkali-metoi  and 
free  ammonia  (Schlieper,  Ouckelberger).  It  is  decomposed  at  ordinary  tempe- 
ratures hypotasMum,  into  cyanide  of  potassium,  hydrogen  gas,  and  a  peculiar  hydro- 
carbon.   (Daroas,  Halaguti.  and  Leblanc) 

CVAirZSB  Ol*  TBA&XiZVM.  Precipitated,  on  cautiously  adding  cyanide  of 
pctaasiiun  tC)  nsolutirtn  of  a.  tliallium'Salt,  as  a  wliite  or  light  brown  powder,  easily 
saluhli*  in  exfi'ss  of  tht  pn'tHpitiint.    (Crook es,  Proc.  Roy.  Soc.  xii.  166.) 

CTilsrzSS  Ol*  TXTAJMlVMt  When  the  eolation  of  cnide  platinum  ore  in 
■qoa-regia  is  prt^cipitiitinl  by  cyanide  of  itilrer,  cyanide  of  titanium  is  tJirown  down, 
together  with  the  cyanide  of  palladium  and  copper.  On  igniting  this  precipitate  iu  a 
M&nrt,  cyanide  [or  impure  cldonde  ?]  of  titanium  sublimes  in  the  form  of  a  greyinh- 
whito  mam,  which  di^olres  reudily  in  water,  and  is  then  predpitut'C-d  white  by  am* 
nionia,  yellowi»h-red  by  tincture  of  gnlls,  and  gives  a  white  colour  M-ith  tin  and  hydro* 
chloric  acid.     (Fr.  Weiss  and  Fr.  Dobereiner,  Ann.  Ch.  Pharra.  xJv.  16.) 

yUroeyanideo/  Titanium,  TiCy*.3Ti*N*. — This  compound,  which  wiw  formerly 
rded  as  metallic  titanium,  occnrs  as  a  fomace-product,  in  the  form  of  beautiful, 
,ue,  copper- coloured  crystals  in  the  blast-fumacea  in  which  iron  is  smelted.  Its 
fuction  appears  to  be  coan(*cted  with  the  formation  of  cyanide  of  potassium  M> 
cr«nj»tantJy  observed  in  the  iron  furnaces;  a  similar  product  is  in  fact  obtained  by 
pladng  a  mixture  of  ferrocyanide  of  potassium  and  tit^inic  acid  in  a  well-closed  cru- 
dble,  and  exposing  it  for  an  hour  to  a  heat  stifflcienl  to  melt  nickel.  The  result  is  a 
brtiwn  uniiised  mass,  which,  under  a  magnifying  power  of  300  diameters,  eshibits, 
beaidcfl  particles  of  metallic  iron,  a  network  of  short  co[iper-o.i]oun.'d  prisms  having  u 
strong  metaUic  lustre.  These  cryatala,  when  freed  from  iron  by  hydrochloric  acid, 
exhibit  all  the  properties  of  the  crystals  found  in  the  bl«st-furnaceti. 

When  this  compound  is  heated  to  rednrss  in  a  porcelain  tube,  and  a  continuous 
euTTent  of  aqueous  vapour  passed  over  it,  titanic  acid  is  formed,  with  evolution  of 
hydrogen  gas  in  eonniderable  quantity  (Regnault),  and  likewise  of  ammonia  and 
hydrocyanic  acid  (Wohle  r).  If  the  crj-stals  are  in  their  natural  state  (not  pulverised), 
the  titjinic  acid  thus  pn>duced  maintains  the  fonn  of  rounded  cubes;  but  these,  when 
examined  by  the  mirro«n>..pi.>.  arc  ftiuiid  to  ron»int  of  aegregatcs  of  cnstala,  in  the  form 
of  pointed  Sv{uare-ba.<(ed  nctuhedroos,  having  a  strong  lustre  and  exactly  resembling  the 
crystals  of  native  anatase. 

The  erystalft  of  nitrocyanide  of  titanium  heated  in  dry  ehlnrinr  ^ait.  yield  liquid 
chloride  of  titaninm.  and  a  crj-stalltne  volatile  yellow  subliniiite,  consisting  of  a  com- 
poand  of  chloriile  of  titanium  with  chloride  of  ryiiDogcn,  Mixed  in  the  etate  of  [jowder 
with  kjfdraie  of  poiatsium  and  fiised,  they  give  off  ammonia  and  are  converted  into 
titaoate  of  potassium.  When  the  pulveriMvi  comp<iund  is  h<'ated  with  ojvVfi  of  lead, 
€itpp*T,  Of  m^rvurv,  a  hvely  sptirkling  flsmo  is  emitted,  and  thi'  oxirle  is  reduced  to  the 
metallic  state.  The  heat  cvolvetl  in  this  reaction  is  so  gr^at  that  even  copper  runs 
into  a  globule  in  the  glass  tube.  (Wohler,  Ann.  Ch.  Phys,  [3]  xxix.  166;  Cfaetn. 
Soc  Qu.  J.  ii.  2.32.) 

CTASntB  OV  TZV.  Alkaline  cyanides  added  to  atannovt  tails  throw  down 
iCanoous  hydrate,  but  retain  a  small  portion  of  tin  in  solution.     Stannous  siil^ludc 
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duwolrefl  slightlj  iu  boiling  cyanide  of  potaasium,  and  the  solution  is  precipiUted  hf 
hydrochloric  odd. 

CTAirxss  or  TKITTK.    C*H'N  •  C^*.Cy,     (See  BoTTHCWTnttL«,  i-  698>. 

A  comjKJund  of  this  l^ody  witb  tricblnrid*  of  phosphoms,  C*H"N.PC1*,  i«  obtained  by 
treating  butyrnmif^e  with  ponfacliloride  of  phc^phonw.  It  i»  a  cnlonAew.  strongly 
wfrftctinR  lic]uid,  which  is  dcoomposed  by  water,  yielding  cyanide  of  trityl,  bydrochlwie 
acid,  and  phosphorous  acid.     (Henke,  Ann.  Ch.  Pharra.  fvi.  272.) 

CTAXrxnss  or  VWLAMXXna,  Cyanide  of  potassium  forms  with  nmnie  aalts  a 
yeDow  prec ipiJate,  soluble  in  nitric  acid  and  io  excetu  of  cyanide  of  potanaiuin.  From 
oranouH  salts  it  incroly  prwipitatea  urinous  oxide. 

CTiLXTXni:  or  VAjr^snniil.  When  hydmted  Taniidic  oxide  is  digested  in  • 
jloio  veKsel  wiLh  pniasic  aciti,  a  diirk  brOMrn  gclatlnouB  miisa  is  [>roduced  whim  disaolvaa 
in  aqueous  cyanide  of  potoasiuni ;  but  the  solution,  wheti  eTuporntiMl  in  an  open  TesscJ, 
gives  off  pnuisic  acid  and  leaves  vanadate  of  potjigsium.     (Berzelius.) 

CTAJrXDB  or  TTTSirrm.  The  solution  of  hydrate  of  yttria  in  prussic  and 
yields  on  evaponition  while  cfllorcsoent  nodules  easily  aulnble  in  water  and  alcohoL 
(Berlin.) 

OTAIVZOE  or  KOfC,  ZnCy*-— Zinc-aalts  mixed  with  an  allcaline  cynnide  yield 
a  white  pulvcruJeut  precipitate  of  cyanide  of  zinc,  insoluble  in  water  and  alcohol,  but 
easily  Bolublf)  in  lilkiilino  cyanid&s.  Cyanide  of  zinc  is  likewise  obtained  by  dissolving 
the  oxide  in  hydrocyaiuo  acid.  C.  Oppermann  (J.  Pharm.  [3]  xxxviiL  320)pTep!irrt 
it  for  Biedical  purposes,  by  piuwijig  vapour  of  hydrooyanie  acid  into  a  solution  of  sol- 
pliate  of  Einc,  mixed  with  1  at.  acetate  of  sodium,  and  sli^tly  acidulated  with  acetic 
ucid.  The  precipitate  when  washed  is  free  from  iron,  erett  if  it  has  been  thrown  down 
from  an  impure  zinc-solutiou. 

Ct/anidf  of  Zinc  and  Ammonium^  (NH')*ZnCy*i  forms  colourless  rhomboidol 
prisms  wliich  effloresce  iu  cont^tot  with  the  air,  and  smell  of  hydrocyanic  acid  and 
ammonia.     It  is  only  purtiully  soluble  in  water,  cyanide  of  zinc  remaining  undissolTsd. 

Ci/anide  of  Zinc  and  Bariumy  BaZn'Cy*.  White  powder,  sparingly  solnWe  in 
water;  precipitated  on  mixing  the  solutions  of  acetate  of  bHrium  and  cyanide  of  zinc 
and  potassium.     It  generally  retains  a  smoJl  quantity  of  potash. 

Cyanide  of  Zinc  and  Calcium.  Moderately  soluble;  obtained  by  treatiag 
cyanide  of  zinc  with  cyanide  of  calcimn. 

Cyanide  of  Zinc  and  Lead.    White  precipitate. 

Cyanide  of  Zinc  and  Potassium,  KZnCy',  is  obtained  by  dissolring  cyanide 
of  zinc  in  cyanide  of  potassium;  cr^'staUises  in  large  regular  octahedrons,  coJoorleM^ 
fusible,  hanrig  a  Bacclinrine  taste  and  alkjdine  reaction,  permanent  in  the  air,  Te:^^ 
soluble  in  water.  The  aqueous  solution  has  a  faint  odour  of  pni^sic  acid.  SmaU 
quuntitic*  of  hydrochloric,  sidphuric,  or  acetic  acid  precipitate  the  cj-anide  of  ainc,  but 
larger  quantities  of  acid  redissolve  it.     (L.  Gmelio,  Handh.  vii.  424.) 

Cynnide  of  Zinc&nd  Sodium,  Na'Zn'Cy*  +  6«q. — Shining  scales,  which  giw 
off  their  water  at  200°  C. 

CTAinar.  Anthokyan.  (Clamor  Marquart,  Die  Farben  der  Bliithrn.  Bomi, 
1835. — Fremy  and  Cloez,  J.  Pharm.  [3]  ixv.  249. — Filhol,  Compt,  rend,  xxxii. 
194.— Martens,  Jahresb.  f  Chem.  18.56.  687.)— This  name  is  applied  to  the  blue 
colouring  matter  of  flowers,  which  is  perhaps  identical  with  that  of  certain  berrie*, 
root*,  tubew,  &c.  It  is  contained  in  the  blue  pPtiiLi  of  corn-flowers,  violets,  and  several 
species  of  iris  {L  pumila  and  /.  ffrmianiea\  and,  according  to  Marqnart,  also  in  md, 
t^lue,  and  black  flowers.  To  extract  it,  the  pt'tjils  are  exhawited  with  alcohol:  the 
liquid  is  evaporated  to  dryness ;  the  resi<luft  trsHted  with  water,  which  separates  a  fatty 
or  TcainoiU  tabetance,  and  dispolves  the  colouring  matter;  the  aqueous  solution  is  preci- 
'pitatod  with  acetate  of  lead  ;  the  green  precipitate  is  waahf  d,  BUMponded  in  a  large  quiiD- 
tity  of  water,  and  decompospd  by  siilphydric  add  ;  the  filtrate  is  carefully  eyaponit«l 
over  the  water»bath ;  the  residno  treated  with  absolute  alcohol ;  and  the  alcoholic  «olu- 
tioa  mixed  with  other,  which  precipitates  the  cyanin  in  blue  flocks.  (Frimy  and 
Cloez.) 

Cyanin  thus  prepared  is  a  blue  uncrystollisftble  maes,  soluble  in  water  and  alcohol, 
insoluble  in  ether.  It  is  decolorised  by  reducing  agents,  Buch  as  sulphurous  acid, 
phosphorous  acid,  and  alcohol,  but  recovers  its  bme  colour  when  expuMid  to  the  air. 
It  is  inst4int!y  coloored  red  by  acids,  green  by  alkalis.  With  boBea,  such  as  lims^ 
bMyta,  and  oxide  of  lead,  it  forms  preen  insoluble  compounds. 

Red  flowers  are  said  also  to  owe  their  colour  to  the  presence  of  cyanin  reddened  by 
a  free  acid.  This  supposition  may  acct>ajit  for  the  fact  that  many  flowersi,  of  the  bongs 
and  mallow  tribes,  for  example,  which  tirv  red  in  the  bud,  turn  blue  when  expaadi!^ 
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And  green  m  they  fiid«,  ih»  duutge  bdng  doe  to  the  diMppearsiiM  of  the  free  acid, 
vr  to  tile  fitrnuition  of  ommotua  resultiiig  £rom  the  decompoeition  of  a  aitrogenotu 
<wwpiWBd. 

Tm  NActioo  of  cyamn  with  adds  aad  alkalis  renders  it  useful  for  the  preparation 
of  tetaaygr  and  tinctures;  the  alcoholic  extract  of  tbo  petals  of  Iris  gerinanica  or 
/.  iiiMiM*  IS  very  well  adapt^Kl  for  the  parpow. 

Th«  t«nn  cyaein  is  also  applied  to  a  blue  dy^,  which,  according  to  G.  Williams 
^DiofL  Pf^yt.  J.  clix.  330  and  399),  is  prepar«<l  hnm.  chinoline  with  iodide  of  amyl, 
•nil  tts^  in  calico-printing.     The  colour  is  fugitive. 

CYAVXTB.     See  Kt^KHX 

OTAXroCB&oass.  A  sulphate  of  copper  and  potassium.  Cu"K'(SO*)*  -»-  6Aq., 
ibvnd.  to;T.Mh.  r  witli  other  salts,  as  h  deposit  on  the  lara  of  Veaurios  thrown  out  in 
the  emotion  of  l»5d.     (Scacchi,  Sill.  Am.  J.  [2]  zxil  352.) 

OTASroroXtKt  A  mixture  of  ryaiude  of  mermiry  and  dehydrated  acctat<>  of 
calcium  yields  by  dry  diutillation  a  yellow  liquid  smelling  of  prussic  iicid.  and,  accord- 
ing to  Bonnet  (Qm.  rii.  147),  containing  cyanoform,  CHCy',  an  analogue  of  chloro- 
form. Bonnet,  however,  did  not  annlyso  the  eomp>und,  and  Nachbaur  fAnn.  Ch. 
rh.irm.  ex  303).  has  shown  that  tlie  liquid  in  questiOD  contains,  together  with  cyanide 
of  methyl,  acetone,  and  prussic  acid,  n  bii^e  haring  the  composition  of  dicyanhex- 
tttthyldiaminc,  C*H'*N*  =  N»(Cn»)»Cy*.     (See  Mbthtlajihim.) 

CTAVOOmr.  CN  (or  C^N)  =  Cy.— This  body,  which  exists,  or  may  be  supposed 
to  ssist,  in  a  fir<pat  namV^^r  of  compounds,  the  cyanides,  cyanates,  cyanurates,  &c.,  was 
fint  obtained  in  the  free  st.ite  by  Gsiy'Lassac  in  1815,  and  nfibrdeid  the  ftrat  instance 
of  the  iaoLition  of  a  oompoond  radicle.  Many  of  its  comnoondtf  hud  been  known  long 
bofore,  pnimian  blue  having  been  discovered  by  Diesbach  and  Dippel  in  1704,  f^rro- 
cyanide  of  potawium  by  Miicquer  about  the  middle*  of  the  ei^rhteonth  cpntunr,  and 
pmsno  add  by  Sebeele  in  178'i-  The  name  cyanogen  is  derived  from  Kuafoi  ^blne) 
and  7«i>. 

The  modes  of  fonnation  of  cyanogen-compounds  have  already  been  mentioned 
(p.  198).  Cyanogen  is  obtained  in  the  free  state  by  the  action  of  heat  on  the  cyanides 
or  mercary,  silver,  and  gold,  or  by  the  dry  distillation  of  oxamide,  CH*N'0*,  or  oxa- 
late of  ammonium,  C*(Ii^*)'OV  differing,  in  fact,  firom  the  former  of  these  bodies  only 
by  2H*0,  and  fium  tlte  latter  by  4H*0 : 

C*H«NH)»  -  2H'0  <-  CTf;  and  Cr-(NH*)'-0»  -  4n«0  -  Clf. 

rrtparation. — Dry  cyanide  of  mercniy  is  heated  to  low  redness  in  a  glass  tube  or 
small  retort,  and  the  cyanogpn^  which  is  evolved  as  gas,  is  collected  over  mercury.  The 
mercury  separated  from  the  cyanogen  volatilises  and  condenses  in  the  colder  part  of  tlie 

Rwnia.  A  small  portion  of  the  cyanogen  is  convi'rtcd  into  the  iiwmeric  compound 
Ufanwjm  {q.  tt,),  and  ri'mains  in  the  form  of  a  brown  loosely  colierent  nin.s8.  If 
pnidc  of  mercury  is  moist,  a  larpe  portion  of  the  cyanogen  is  decomposed,  with 
klion  of  ammonia,  carbonic  acid,  xaA  hydrocyanic  acjd. 
c  g'.iB  m»y  Ukcwise  be  obtained  by  heating  in  a  retort  an  iutimnto  mixtore  of 
(1  rtt,)  of  perfectly  dried  ferrocyanide  of  potassium,  K'Fe»Cy*,  and  3  pts.  (2  at.) 
of  menmric  chloride : 

*  K'FeCy*    +  2Hg-Cl'  =  4KC1  +  FoC>'  +  Hg*  +  Cy^ 

Cyanopen  is  then  evolved,  mixed  with  vapour  of  mercury,  and  there  remains  n  dark- 
fuloored  mixture  of  chloride  of  potassium  and  cyanide  of  iron.  (Kemp,  Phil.  Mag. 
l»J  xxil) 

ProptrHf*. — Cyanogen  is  a  colourless  gas,  having  a  pungent  odour  very  much  like  that 
of  pniaaiie  add.  Its  density,  as  determinfld  by  experiuieat.  i»  1S064.  Hcnee,  as  the 
mcJccnUr  weight  represented  by  the  formnla  CN  is  26  *  0*iiti03  =  1-802,  it  follows 
that,  if  the  molecule  of  cyanogen  occupies  2  volumes,  like  tliat  of  compound  gases  in 
general,  it  roust  be  reproaenttni  by  the  formula  CN*  —  Cy'. 

Cyanogten  condenses  to  a  lionid  under  a  pressure  of  about  four  atmospheres  at  mean 
lenpentures  (H.  Davy  aud  Faraday,  FniL  Trans.  1828,  p.  196),  or  by  exposure  to 
a  temperature  of  —  35^^  or  -  40°  C.  under  the  ordinary  atmospheric  pressure  (B  n  n  s  e  n, 
rngg.  Ann.  xlvi.  101).  A  convenient  mode  of  preparing  liquid  cyanogen  is  to  heat 
cyanide  of  mercury  in  the  longer  arm  of  a  strong  tube,  bi-nt  and  scaled ;  the  cyano- 
gen then  condenses  in  the  shortor  arm,  which  should  be  kppt  cold. 

Liquid  cyanogen  is  transparent,  colourless,  and  vcr}'n]obiJc(H.  Davy  nwl  FarndayV 
Spedfic  gravity  at  l7-2°  =  0-866  (Faraday).  Refracting  power  =  1;)1U  (Brewfiter). 
It  does  not  conduct  the  electridty  generated  by  a  battury  of  3U0  pairs.     (Keni  p.^ 

Liquid  cyanogen  freezes  at  a  fow  degrees  bdow  —  30°  C,  forming  a  radiated  kj 
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miiM  (Bnosen).    PrMcn  cyanogpn  is  tranj^parvnt,  crystallme.  nnparentljr  of  tlie  tuaom 
deoai^  ag  the  liquid,  and  melts  at  -34*4°.    (F&raday,  N.  Btbl  UmT.  lix.  162) : 

Tension  of  Cyanogen  expressed  in  Atmosphere*. 


According  to  Faraday. 

According  to  BobmB;^ 

At. 

Atm.            At.           Attn. 

At. 

Attn. 

At.            Attn.        At.     Atmt 

12  2°  C. 

1-63       +6-9°  a    800        4-211°C. 

4-60 

-20-7°  C.    lOO      0°C.  2-7 

«-7 

1-89          8-9         3-17 

23-3 

4-79 

20             1-06   +6         3-2 

2-8 

2-20        100         3-28 

34-2 

6-50 

la            1-45     10        38 

0 

2-37        111          3-36 

35-0 

664 

10             185     15        4-4 

8-6 

272        172         400 

39-4 

7-60 

6            2-30    20        £-0 

According  to  Niemann,  the  tension  at  12-6  ia  equal  to  4  atmoepb(!re«. 

A  mixture  of  cqtial  parts  <»f  soliil  and  liquid  c)*unof;en  (thewfore  at  —  344°  C.)  do« 
not  exert  a  tenaiua  equal  to  the  fttmospheric  pressure.  When  cjanogen  eTaporates 
into  the  «jr,  an  efftict  which  lakes  place  quietly  on  opening  the  coutoiniog  reeael,  the 
remaining  portion  (loe«  not  freeze.     (Faraday.) 

DecomjMsitioTUf. — 1.  Cyanogen  gas  ia  not  decoroposod  by  passing  through  a  red-hot 
tube. — 2.  When  fhctric  «park$  are  repeatedly  passed  through  the  gaa,  charcoal  is  de- 
posited, and  a  Tolurae  of  nitrogen  Bet  free  eqtial  to  that  of  the  gas.  By  the  electric  are, 
this  decomposition  iB  effected  In  fifteen  minutes  at  a  temperature  of  30^  to  40'='  C.  If  th« 
gas  is  moists  carbonic  acid,  carbonic  oxide»  and  hydrogen  are  produced.— 3,  When  »et 
on  fire  in  the  atr,  it  bnnia  with  a  peach -bloswom-coloared  flame,  producing  carbonic 
anhydride  and  nitrc^en. — 4.  Cyanogen  mixed  with  excess  of  oxygm  and  aet  on  flre  by 
the  electric  spark,  explodes  violently,  I  vol.  cyanogen  consuming  2  vol.  oxygen,  and 
forming  2  vol.  carbonic  anhydride  aud  1  toL  nitrogen,  so  that  the  volume  of  the  g&i 
remaiaa  unaltered.  The  combustion  of  a  mixture  of  cyanogen  and  oxygen  is  likewise 
induced  by  hot  spongj-  platinum  (Wtihler).  6.  Ch^^^rine  doee  not  act  on  i^ajiogen, 
even  in  sunshinf,  if  both  gases  are  porfe<:tly  tlry;  but  if  moisture  is  present,  ao  oily 
body  is  formed,  often  mixed  with  a  eolid  eubi^tance  having  an  aromatic  odooi^  and 
sparingly  soluble  in  alcohol  and  ether. — 6.  Hypochiarous  anhydride  slowly  decomposes 
cyanogen,  forming  carbonic  anhydride,  chlorine,  nitrogen,  and  gaseous  chlorioe  of 
cyanogen.  Aqueous  hypocMijrous  arid  in  contact  with  cyaui.>gen  gives  off  the  same 
fourgasea,  with  effervescence,  the  liquid  afterwards  contAining  hydrochloric  and  cyanic 
Acids,  and  being  covered  with  an  oily  mixture  of  chloride  of  cyanogen  and  cimnide 
of  nitrogen  (Balard). — 7.  Cyanogen  in  contact  with  manganic  sidphatty  \a  Kwirti 
into  carbonic  anhydride  and  nitrogen  (Berzelius). — 8.  When  cyanogen  is  pMsed 
orer  rod-hot  metallic  inm,  the  metal  takes  up  carbon  and  becomea  britUo,  a  coating  of 
carbon  is  deposited  upon  it,  and  nitrogen  is  set  free. 

The  solution  of  cyanogen  in  VHttcTy  aicohol,  or  tthrr  assumes  a  brown  colour  after  a 
while,  and  depodte  a  dark  brown  powder  calk-d  azulmic  af^id  (i.  480),  which,  accord* 
ittg  to  Pelouse  and  Richardson  (Ann.  Ch,  Phtirra.  xxvj,  6S),  has  the  compoittioo 
C*B*H'0\  that  is  lo  say,  cyanogen  togt  ther  with  the  elements  of  water.  The  aqoeou 
•olutioQ  then  contains  cyanide,  carbonate,  and  oxalate  of  ammonium,  together  vhlt 
urea  ( W o  h  1  e  r,  Pogg.  Ann.  sv.  627).  One  port  of  the  cyanogen  takes  up  tlie  alemflotl 
of  water  and  forma  oxalate  of  ammoniam : 

2CN  +  4H'0  =  C(NH«)»0*; 

while  another  portion  ia  in  like  manner  converted  into  cyanic  and  bydrocyiuiic  adds : 

2CN  +  HH>  «  CNHO  +  CNH. 

The  cyanie  add  ifl  immediately  resolved  into  carbonic  acid  and  aramoma  (p.  191), 
which  latter  anitea  with  another  portion  of  the  cyanic  acid,  forming  nrea  (p.  19S). 
This  transformation  of  cyanogen  is  prevented  by  the  presence  of  acids.  If  the  water 
contains  aldehyde,  even  in  small  quantity  only,  the  cyanogen  is  converted  into  Qxamida 
(C*N*  +  2HM>)  without  formatinn  of  a  brown  deposit.     (Lii'big.) 

Cyanogen  is  absorbed  by  pcf/ish-solvtion,  also  by  red-hot  carfx>naie  of  potaMtiH$% 
forming  cyanide  and  cyanat*  of  pot.HHHiura,  tlie  letter  being  quickly  resolved  in  the 
solution  into  ammoniH  and  carbonate  of  potii.«f?ium.  Cyanogen  is  abundantly  absorbed 
by  ammtmid,  the  sokrion  soon  turning  brown  and  yielding  the  same  producta  that  are 
formed  in  the  decomposition  of  cyanogen  by  wnter. 

Combinations.  —  Cyanogen  combine?  diroctiy  with  poffifsitim  under  the  influence  of 
heat.  It  also  unites  dii^ctlj'  with  Kulpfii/drie  acid  t/iis,  in  presence  of  water,  and  with 
certain  organic  basee,  ^  pkmylamiyif,  bt^^yiamine,'eodeinf,  &c.  The  bromide,  chloride^ 
and  iodide  of  cyanogen,  are  formed  by  decomposing  cyaoide-s  with  bromine,  chlorine,  or 
iodine.  The  modes  of  formatiou  of  other  cyanogen  ^compounds  have  already  been 
given  (p,  198). 
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CTAiroOBV.  ACZTATZ  OT,  or  Cifanate  of  Aatyl^  (?H»NO*  -  *^*n!^'°' 

'Umide^Y§Yi}0'  (Schii1«enberger,  Ana.  Ch,  Pharm.  cxxni.  271.)— ^VTien 
A«  of  nlrer  ii  treated  with  chloride  of  acetyl  in  a  cooled  T^asctl,  %  drj  pulv<>ruletit 
is  fonned  oontmiiiiixg  acetate  of  cyanogen.     On  liPatiQff  thia  maini  to  about  lOi/* 
C,  carbonic  anhydride  is  CTolved,  and  a  coloork-sa  Tery  pungent  liquid  distillate  pusw^J 
orer,  boiling  at  80°  to  85°,  and  at  bigiier  tempcniturea  an  oilj  liquid,  wliicb  solid ifieft^ 
to  a  maas  of  white  needleai 

The  voktilo  liquid  is  a  mixture  of  liquid  acetate  of  CT>»nopen  with  cyanide  of 
mrthyl,  r»-*iUting  from  a  dcoompoaition  of  the  formor  (C*H«NO»  =  CO*  +  C'H*N), 
Water  di>oompa«ea  it,  yielding  carbonic  anhydride  and  acetomide;  a  reaction  which 
to  iodioate  that  the  compound  ia  really  carbocetamide : 


« ii^So  -  ii"  -  «^o)-o  ^  ^-f  r- 


The  white  crystalline  mass  exhibits  the  composition  of  diacctamide,  the  formatioo 
of  which  is  attributed  by  Schiittcnberger  to  the  action  of  the  acetate  of  cyanogen  on 
ac«tie  acid  resulting  from  a  Becondniy  decomposition  : 


"i'gJlIo^TSo-ccoro.NJC^r'' 


^^^^^HBkpwtate  of  silTcr  is  heated  with  iodide  of  cyanogen,  iodide  of  silver  is  fornu'd 
^HQBI^nth  an  exploaive  compoundi    (Schiitcenberger,  Ann.  Ch.  Pharm.  cxx. 

nay 

CTAWOOSir,   BBNZOAVa  or  r    When  the  prodact  obtained  bv  the  action 

Pr  chloride  of  benzoyl  on  cyanate  of  silver  or  cyanate  of  lead  is  heated,  carbonic  anhy-  | 
ride  ia  evolved,  and  cyanide  of  phenyl  passps  over,  produced  appArently  by  th«  ' 
Mompoeition  of  benaoate  of  cyanogen ;  C'U\CM)0*  -  CO*  -f  C^'N.  (Schutsen. 
erger.) 
OTAXroO^r,  smoncxsa  or.    CXBr  «  CyBr.     Di«coreml  and  examined  by  J 
Serullis  in   1827   (Ann.  Ch.  Phys.  [2]  xxxiv,   ioO;  xxir.  294,  31o),  further  ex-i 
|^^imin«<d  by  Lowig  (i?<« /?;'om  und  $fine  chemuchtn  rrrhiiltnisKt  Heidell»erg,  1829, 
^B^  09').     It  is  prodaced  by  tJie  action  of  bromine  on  cyanide  of  mercury,  cj'auide  of 
^^^Otaasium,  or  aqueous  hydrocyanic  acid. 

"  Preparation. — 1.  When  1  pt-  of  bromine  is  poured  npon  2  pw.  of  cyanide  of  mercury 

oootjuned  ia  &  tubulated  retort  or  glass  tnl>e  clo«wd  at  the  bottom  and  surrounded 
,  bromide  of  mercury  and  bromide  of  cyanogen  an"  formed,  with  great  evolution  J 
The  bromide  of  cyanograi  sublimes  in  needles,  contaminated  at  first  witllj 
le,  but  ultimately  the  bromine  flows  ba-'k  and  tnters  completely  into  convi 
jiation.     Gentle  heat  is  then  applied,  and  the  bromide  of  cranogen  sublimed  into  •J 
Bi'civer  connected  with  the  retort  and  surrounded  with  ice  (Scrullas). — 2.  Aqueoiu 
hydrocyanic  acid  is  placed  in  aressel  surrounded  with  h  fri^rorific  mixture,  and  bromine 
,  ^ded  —  in  very  small  portions  to  prevent  the  temperature  from  rising  too  high  —  till 
'the  solntion  begins  to  aatmmo  a  reddish  tinge ;  the  liquid,  which  is  in  process  of  *jlidi« 
fication  ftom  Uae  acicular  crystallisiition  of  the  bromide  of  cyanogen,  is  then  either 
expreased  between  blotting  paper  at  a  temperature  beLiw  0'=>  C,  or  it  is  gently  heated 
to   drire  off  the   bromidei  of  cyanogen  in  vapour,  aqneoos  hydrobromic  acid  tlien 
mnoining  behind  (Luwig). — 3.  Bromine  and  water  are  placed  in  a  tube  kept  vei^- cold, 
and  cyomde  of  mercury  and  hydrochloric  acid  added  till  the  red  colour  disappeitrs;  the 
open  end  of  the  tube  is  then  drawn  out  to  a  narrow  neclc,  which  is  sealed  up,  and  tlie 
lower  part  of  the  tube  is  immersed  in  warm  water,  so  that  the  bromide  of  cyonogoa 
may  suolime  into  the  upper  part  (Hitscherlich,  Lrhrbuch  dtr  ChcmieX  —  4.  Wheal 
bromine  is  added  to  an  aqueous  solution  of  cyanide  of  potassium  cooled  to  0"^  C^'l 
crystals  of  bromide  of  cyanogen  immediately  separite.    Wlien  the  reaction  is  eomplet^l 
tbcoe  cmtalfl  may  be  separHted  from  the  solution  of  bromide  of  potaesium  by  heating  7 
"^'he  liquid  to  60-05"'  C.     (Langlois,  Ann.  Ch.  Phys.  [3J  bu.  482.) 

iV»iwT^i>*.— Bromide  of  cyanogen  snblimes,  at  the  first  nioment  of  its  formation,  in 
delicate  needles,  which  afterwards  chani»e  to  small  transparent  and  colourlea 
J  (Serollas).  —  It  melU  at  +  4°a  (Lowig),  above  i-  le''  (SerullBsY  no  ^ 
J  at  AQP  (Bineau).    Vapour^tcttsity  =  3607  (Binenu,  Ar.n.  Ch.  Phys.  [2]  Ixviit.  ' 
26)t  by  calculation  (2  voIh.)  =  3*6745.     Its  boiling  point  i^  lower  tlian  that  of  iodido 
r  cyanogen,  and  it  volatilises  even  at  16°  C.  (Serullas).     Its  vapour  baa  a  very 
nngent  odour;  it   exdtea   a  copious   flow  of  tears,   and  is   daniieroiis   to  inhulo 
^Serullas);  its  taste  is  extremely  biting  (Low ig).     One  graLn  dissolved  in  watvr 
and  poured  into  the  cBsophogus  of  a  rubbitj  kills  it  instantly  (Seru  II  as).  It  imme 
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decolorises  HtmiLa  and  hirmeric  paper,  and  doen  not  redden  litmiu  pven  when  diamlretl 
in  water  (Low ig).  It  ia  very  soluble  in  v^ter  anA  alcohal,  and  forms  a  ciystailini* 
hydrate  which  is  less  fusible  than  th<?  anhydrous  compound. 

Decompositions. — 1.  Aqaeoua  suljihurous  acid  forma  with  bromide  of  cyanogen : 
•nlphnric,  hydrobromic,  and  hydrocyanic  acids. — 2.  Aqneont  jxitttth  forms  cyanid**. 
bromide,  and  bromate  of  potassium  (Serallus,  Lowig).  On  adding  to  a  satnnt^ 
aolation  of  bromide  of  cyanogen,  first  potash  and  then  an  ocid,  carbonic  anhydride  ia 
evolved,  and  the  liquid  ia  afterwards  found  to  contain  ammonia  (Serullas). —  J.  T!i* 
aqucoun  solution  mixed,  firgt  with/rrroujj  suIpLif^,  then  with  potiwh,  and  then  with  an 
acid,  yields  a  greefn  precipitate  (S  em  lias) ;  but  if  the  potash  be  added  first,  then  th« 
ferrous  solpbate,  and  then  the  acid,  oo  precipitate  is  obtained  (Serallas). — 4.  The 
aqueous  solution  of  bromide  of  cyanogen,  slowly  cvaporHtcd  to  drj-ness,  l<»nvp9  hydro- 
hromatc  of  ammonia  (Lowig).  In  this  case  carbonic  anhydride  should  also  be  pro- 
duced: CNBr  +  ZH^iO  =  C0''+  NH'Br.  — 6.  Bromide  of  cyanogen  gently  heated 
with  photphortu,  evaporates  for  the  most  part  undeoompo«ed ;  nevcrthelvas,  a  small 
qtiantity  (rf  bromide  of  plioiphorus  is  fonnod.  Antimovy,  heated  in  vapour  of  bromide 
of  cyanogen,  jnelds  cyanogen  gas  and  Iromido  of  antimony.  Mercury  decomposes  the 
Mtttrated  aqueons  •olution,  }-i«dding  cyanogen  and  bromide  of  mercuj7.     (Low ig.) 

Bromide  of  cyanogen  dissolves  without  deeompotsition  in  strona:  sulphuric,  hydro- 
chhrie,  and  nitrie  acidt.  It  absorbs  amnumia-gtui,  forming  a  mixture  of  bromide  of 
ammonium  and  cyanamide  (p.  IBS),  which  was  regarded  by  Bineaa  as  an  mnmonio- 
bromide  of  cyanogen. 

CTASroVXm,  CSXtOAXHB  of.  Three  chlorides  of  cyanogen  are  known, 
isomeric  with  each  othtsr,  and  having  moleeuliir  weights  in  the  proportion  of  I  :  2  :  3. 
The  first  is  gaseoua  at  ordLoa^y  temperatures,  the  second  liqaid,  and  the  third  a  oyft- 
talline  solid. 

Gaseous  Chloride  of  Cyanogen,  CNCl  =«  CyCL— This  compound  was  flnit 
obierved  by  BerthoUet  (Ann.  Chim.  i.  36),  who,  however,  regarded  it  as  oxidised 
prusaic  acid.  &ay-Lus8ac  (Ann..  Chim.  xc.  2U0|  uscertained  its  true  nature  and 
examined  it  more  fuUy  ;tuid  it  baa  bceti  further  inrestigated  by  Serullas  (Ann.  Cb. 
Phys.  [2]  X3txv.  291,  337 ;  Pogg.  Ann.  xii.  495),  Wiihler  (Ann.  Ch.  Pharm.  IxxiiL 
219),  Cahours  and  Cloez  (fiirf.  xe.  B7),  Clocz  (ibid.  cii.  354),  Klein  (iWrf.  Ixxiv. 
83),  MartiuB  {ibid.  <exx.  79).  and  Langlois  (Ann.  Ch.  PliyB.  [3]  Ixi.  481). 

Gaseous  chloride  of  cyanogen  is  obtained  by  passing  chlorine  into  aqueous  prnssie 
acid,  or  by  leaving  moist  cjaiiidc  of  nn'rcurv  in  contaft  with  clilorine  in  a  dark  place. 
The  former  was  the  method  by  which  Gay-Lusaac  obtained  the  gas,  mixed,  however, 
with  carbonic  add ;  the  latter  method  is  now  always  adopted  for  preparing  the  gas  in 
the  pure  state; 

Prnyaration, — Cyanide  of  mcrcitry  moistened  with  water,  but  not  dissolved  in  it,  i» 
introduced  ioto  Ixjttlea  of  a  capacity  not  eicecding  3  litres,  well  closed  with  ghua 
stoppers^  and  filled  with  chlorine  gas,  the  proportion  of  cyanide  of  mercury  being  about 
fi  grammcB  to  each  litre  of  chlorine  ;  the  bottles  are  left  for  24  hoars  in  the  dark,  till 
in  fact  the  chlorine  hus  lost  its  yellow  colour ;  then  cooled  by  immersion  in  a  mixtupe 
of  ice  and  salt,  producing  a  tcmpemture  at  least  as  low  as  ~  1 8°  C,  till  the  gaseous 
chloride  of  cyanogen  soHdifies  in  czyatals.  100  grammes  of  water  are  then  poured  into 
each  bottle ;  the  resulting  solution  is  pumvd  from  all  the  bottles  into  a  long-necked  fia^k, 
which  tt  must  nearly  fill ;  and  this  flask  is  connected  by  a  bent  tube  with  a  two-mouthe<i 
bottle  containing  chloride  of  calcium,  so  that  the  gaseous  chloride  of  cyanogen  may 
pass  ttom  its  second  mouth  tliroiigh  a  second  bent  tube  into  a  liottle  surrounded  with 
A  freezing  mixture.  If  now  the  aqiieous  solution  in  the  flask  be  warmed,  the  chloride 
of  cyanogen  collects  in  the  crystalUno  form  in  the  last  bottle,  which  must  then  be 
closed  very  tight  with  a  glass  stopper.  At  ordinary  temperatures,  the  crystals  in  the 
bottle  melt,  and  are  converted  into  gas.  If,  however,  a  small  quantity  of  water  be 
introduced  into  the  bottle  while  it  i»t  immersed  in  the  freezing  mixture,  and  it  be  then 
t:d£en  out,  stiU  well  closed,  two  layers  are  found  io  )t»  tlie  upper  of  which  ia  an  aqueous 
galution  of  chloride  of  oyanogen,  and  the  lower  probably  a  hydrate  of  that  compound. 
(Serullas),  If  the  vessels  are  exposed  to  light,  or  if  the  temperature  is  allowed  to 
rise  to  between  30'*  and  40°  C,  the  chloride  of  cyanogen  li  decomposed. 

Wohler  passes  chlorine  into  a  saturated  solution  of  cytinide  of  mercuiy  to  which  «n 
excess  of  the  salt  in  fine  powder  has  been  added,  continuing  the  passage  of  the  gas  till 
the  solution  is  completely  saturated,  and  the  upper  part  of  the  vessel  filled  with  the 
gaa.  The  vpssel  is  then  clo.'*ed  and  left  in  the  dark,  till,  after  repeated  agitation,  the 
whole  of  the  chlorine  is  absorbed,  or  the  whole  of  the  cyanide  of  mercury  dissolved. 
To  remove  any  remaining  excess  of  chlorine,  the  sidution  {&  shaken  up  with  mcrcmy. 
It  IB  then  heated  in  a  flask,  which  is  connected  with  a  chloride  of  calcium  tube  and  a 
mndttctitiK  tub<>,  and  the  gaseous  chloride  of  i^aoogen  is  oondenscd  as  in  the  process 
tnst  described. 
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Gbbonn  and  Cloes  ratitnio  100  grm.  cyiinyv  of  moroury  and  4  Ittrvs  of  w«t«r,  eon* 
tained  id  •  fliuk  ca[>iiblo  of  holding  6  litr<-«,  with  chloriuo  ga«  at  0°C.  Hydrate  of 
ehlemne  ia  th«a  formed,  whioh,  in  the  coune  of  24  hours,  is  completplj  tnuiaformed, 
hy  the  eyaoidA  of  moxcury,  info  chloride  of  moreun'  and  chloride  of  cjan<.->gen,  th« 
uMet  ramaming  diaaolved  The  solntion  is  slightly  heated,  and  the  gas  th<veby 
erolved,  which  generally  contjiina  a  little  free  chlorine,  ia  paaacd  first  oTer  copper* 
tacningB.  and  then  orrr  chloride  of  calcium. 

According  to  Lunglois,  gaseous  chlorid*?  of  cyanoeen  vt  prodoped  by  the  action  of 
diloriiM  on  a  solution  of  cyanide  of  poti*a^ium  cooled  to  0"  C,  and  is  given  off  as  gass 
partly  at  that  tempenituro,  purtly  when  the  notion  is  ended,  and  the  solution  is  heated 
to  4Q9  or  50^  C.  If  the  solution  of  cyanide  of  potaKniiim  is  not  cooled,  ita  temperaturo 
eaaily  risrs  to  80^  or  90^  C,  and  then  other  products  are  formed. 

The  extremely  poisonona  action  of  the  gaseoua  chloride  of  cyanopen  renders  it  neces- 
WIT,  in  all  thcae  processes, to  take  the  greatest  eare  to  prevent  its  escape  intu  the  air 
and  consequent  innaktion.  For  this  reason,  a  fre^Aiug  mixture  made  with  chloride  of 
ealciam  is  preferable  to  the  ordinary  miitore  of  ice  and  salt. 

Proptrtirt. — Chloride  of  cyanogen  w,  at  ordinury  temperatnres,  acoloorleas  poisonotui 
gas,  having  an  intolerable  odour,  and  exciting  a  copioiin  flow  of  tears.  Its  specifle 
gravity  is  2-124  (by  calculation  for  2  vol.,  21 28).  At  —  l'i«  to  —16°  C.  or  at  0^  C. 
under  a  pressure  of  fonr  atmonpheres,  it  condenses  to  a  colourless  liquid,  which  may  Iw 
preserved  in  sealed  tubes.  At  — 18"  C,  it  crystallises  in  long  tmnM]>iir<-nt  prisma.  The 
eas,  when  kept  in  sealed  tubes,  is  gradually  converted  into  solid  chloride  of  cyanogen, 
CfQV. 

Water  at  20**  C.  dissolves  2fi  times  its  volnme  of  gaaeoos  chloride  of  cyanogen,  rtkrr 
60  times,  al4}ohoi  100  times.  When  a  sDiall  quantity  of  water  is  iutroducvd  into  a 
bottle  containing  chloride  of  cyanogen  aiid  standing  in  a  frvesiv^  mixture,  two  layers 
of  liquid  are  formed,  the  uprier  consisting  of  an  aqueous  solution  of  chloride  of  cyanogen, 
the  lower  pobably  of  a  hydrat«  of  that  cnmpoand.  The  solutions  of  chloride  of  cya- 
nogen, if  nee  from  hydrochloric  acid,  neither  n>ddcn  litmus  nor  precipitate  solution  of 
ailate  of  ailver.     The  aqueous  solution  appears  to  undergo  gmdu^d  dt-composition. 

.fiotuaium  hMt«d  io  gaseous  clUoride  of  cyanogen  fi'no^  chloride  and  oyiutide  of 
t>otasBiiim.  Antimony  heated  in  the  gas  forms  chloride  of  antimony  and  liberies 
\  voL  eyanogea     With  alkalU.  chloride  of  cyanogen  forms  a  chloride  and  a  cyanate : 

Cya  +  K»0  -  KCl  +  CyKO. 

When  the  aqneoiis  solution  of  chloride  of  cyanogen  is  mixed,  first  with  femnu  tui- 
pAate,  then  with  potash,  and  tbea  with  an  ucid.  a  green  Dreeipitute  is  formed;  but  if 
the  potaah  is  added  first,  tlien  tho  forroui)  sulphate,  and  men  the  acid,  no  precipitation 
takes  pbuM.     (Oay-Lnssac^  Serullas.) 

Chloride  oftjuDcgen  mixed  with  ammonia-pas  forms  a  mixture  of  sal-ammoniac  and 
ryanamida  (mistaken  by  Bineau  for  amroonio-chloride  of  cyanogen,  p.  188).  It  acta 
in  a  aimilar  manner  on  other  volatile  bases;  with  etktjlamiHe,  for  example,  it  forms 
cffanelkyUsmiiU,  The  alroholic  solution  of  chloride  of  cyanogen  changes  after  soma 
day*  into  a  mixture  of  hydrochloric  acid  or  chloride  of  ammonium  with  car- 
bonate and  corlmmato  of  et'hyL  Sifnilar  products  are  obtained  with  nuthjftie  and 
amyiic  al^hola  (Wurtz).  With  a  solution  of  fthyhtr  of  todium  in  alieolute  alcohol, 
chloride  of  cyanogen  forms  chloride  of  sodium  and  rynnrtholine  (p.  189). 

Chloride  of  cyanogen  unites  in  definite  pn»portion8  ynth  certiiin  ntlicr  chlorides. 

Chloridt  ttf  Cyanogen  and  Antimony,  SbCI*.CyCI. — When  giiseous  cliloride  of  cya- 
nogen ia  passed  over  pentachloride  of  antimtvny,  the  hitter  htcomes  slightly  boated, 
turbid,  and  graduAlly  filled  with  deb'cato  crystals.  Alter  SHturation  the  componnd 
forms  a  white  crystallino  mass.  W?ien  heatwl.  only  a  |x»rtion  of  it  sublimes  undecom' 
posed,  the  greater  part  giving  up  its  chloride  of  cyanogen.  Water  decomposes  it 
instantly.  It  ulworba  ammonia,  with  rise  of  trmperature,  forming  a  yellow  pulverulent 
body.     (L.  Klein,  Ann.  Ch.  Phann.lxxiv.  87.) 

CJUoridt  of  Cjfanoffin  and  Boron,  liCM.CyCL— Liquid  chloride  of  boron  absorbs  flry 
ehlonde  of  cyanogen,  with  great  evolution  of  heat^  and  formei  a  white  loo«k.<  crv»'tniliue 
maas.  If  the  aaturation  is  not  quite  complete,  the  compound  separates  gradually  in 
■maO  oolourlesa  prisms.  It  smells  of  chloride  of  cyuno^on,  fumet*  in  damp  air,  and  is 
decomposed  by  water,  with  rise  of  tempcrri»nrc,  in*«'  boric  *cid,  liydrf>cliloric  scid,  and 
gaseous  chloride  of  cyanogen.  It  actA  in  like  niunniT  on  ab-^lutt;  alt-ohoL  It  sub- 
limes with  partial  decomposition  when  strongly  beat*d,  leaving  a  while  substaucr, 
(Martina.) 

Chloride  of  Cyamagm  and  Iron,  Fe'Cl*.2CyCl.— Sublimed  sesquichloride  of  iitw 
absorbs  gaseous  chloride  of  cyanogen,  with  evolutitm  of  hejit,  fusing  with  it  into  a  black 
moss ;  the  compound  w»s  not,  however,  obtained  in  n  complete  state  of  saturation. 
When  h«ated  it  fiiece,  swells  up,  and  gives  ofl^  gaseous  ehlonde  of  cyanogen ;  it  ia  re- 
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markable,  however,  that  this  decomposition  Hkcwice  yield*  solid  chloride  of  cyuiogni 
tablimi'd  in  crystals.     (Klein.) 

Chloride  of  Cyanogen  and  Titanium,  TiCl*.CyCl.  —  Gascons  chloride  of  eynog,en 
acta  instantly,  and  «nth  great  evolution  of  heat,  on  tetrachloriilp  of  titiuaiiim,  couvertmg 
it  into  a  huiky,  yellow,  crystalline  muss,  which  muKt  be  sbakpn  up  and  heat<Hi  gectly 
iu  order  thut  it  may  be  complcUly  Batiirat<>d  with  the  chloride  of  cyanogen. 

Lemon-yellow,  very  volutile;  Wginsfo  volatilise  conBidernlly  U'low  100",  subliming 
in  clear  lemon-yellow  crystals  which  appear  to  be  rhonjbic  octuhetlroos.  It  fuuu-a 
rerj*  strongly  in  damp  air.  quickly  becoming  mQk-white,  nnd  exlialing  the  oiljur  of 
chloride  of  cyanogen.  Wafer  dissolves  it,  with  great  rise  of  t^inpeniture  and  evoluLioo 
of  chloride  of  cyunop;en,  forming  a  clear  solution.  It  dissolves  without  alteration  in 
wm  tctrachloridt'  of  titanium,  separating  out  again  in  crystid*  on  cooling.  Ir  ab«orha 
ammoDiA,  with  ^n■at  ri.s«  of  temperature,  forming  with  it  an  oRioge^red  com^ioaDd,  which 
tiho  tmns  wh{t«  in  moist  air,  and  ia  decomposed  by  water,  with  partial  separation  of 
titaniu  anliydride.     (Wiihler.) 

CMuride  of  Ct/aiiogm  with  Cyanide  of  Ethyl,  CyCl.C*H*N. — Dry  gaaeooa  eblorid* 
of  cyanogen  is  rapidly  absorbed  by  cyanido  of  ethyl,  producing  a  coloturleM  liquid 
which  boilfl  between  60°  nnd  68°  C,  and  eiertj*  an  intensely  irritating  action  on  the 
FycB  and  the  respiratory  organs.  It  is  decomposed,  with  ri»e  of  temperature,  by  wmter, 
and  decomposes  spontaneously  when  left  for  several  days,  the  whole  of  tho  chloride  of 
cyanogen  being  Kepamted  as  solid  chloride  of  cyanogen,  Cy'Cl*.  (Hcnkc,  Ann.  Ch. 
Pharm.  cvi.  289).  [For  the  compound  of  chloride  of  cyanogen  with  cyanido  of  hydro- 
gpn,  see  below.] 

2.  Liquid  Chloride  of  Cyanoffen,  CN-Cl*  =  Cy»a',— This  compound,  dis- 
covered by  Wurtg  (Ann.  Ch.  Pharm.  bciv.  308;  btxii.  28(1),  is  pr^parini  by  slowir 
paasing  ehlorine  gas  into  hydrocyanic  acid,  cooled  to  0°  C.  in  a  retort  connected  iritli 
a  cooled  receiver,  as  long  as  the  gas  continues  to  be  absorbed.  The  liqiu'd  in  the  retort 
then  8eparat4»  into  two  layere,  the  light^^r  consisting  of  hydrocyanato  of  cldoride  of 
cyanogen,  Cy^Cl^-HCj',  part  of  which  is  generally  carried  over  into  the  tpcoiver.  From 
this  compound  the  liquid  chloride  of  cyanogen  may  be  obtained,  by  mixing  it,  after 
Separation  from  the  hi'iivier  li<iuid,  witli  ioe-cokl  wator,  and  treating  it  with  mejvaric 
oxide,  which  decomposes  the  hydrocyanic  acid,  care  being  taken  to  cool  the  vemel  well, 
as  otherwise  the  mercuric  oxide  may  be  n<luced,  Cldoride  of  calcium  ia  then  adde^J. 
the  liquid  distilled,  and  the  vapour  passed  thn'iugh  a  tube  containing  chloride  o{ 
calcium  into  ti  flask  cooled  to  (C^  C.  Thf  chloride  of  cyanogen  then  condeu^'S  in  the 
form  of  a  very  mobile  colourless  liquid,  having  an  extremely  ptuigent  and  exciting 
Otloor,  and  heavier  than  water,  in  which  it  is  slightly  soluble. 

Liqnid  chloride  of  cyanogen  solidifies  in  the  crystalline  form  at  5°  or  6*  C.,  and 
hoik  at  1 5-6°  C.  Its  vajmur  is  not  infliimmnble.  When  pure,  it  may  be  kept  for  y«iiil, 
ID  sealed  tubes  without  piissing  into  the  st-ut**  of  solid  chloride  of  cyanogen.  If.  on  itl 
contrary,  chlorine  in  excess  he  passed  into  dilute  pnissic  acid,  and  the  liquid  whid  ^ 
separutes  be  distilled  without  previous  washing  and  treatment  with  mercuric  oxide,  aa 
impure  product  is  obtained  which  clianges  into  solid  chloride  of  cyanogen  in  the  ttjurxa 
of  twenty-four  hours.  The  («ime  transformation  takes  place  also  in  twenty-four  hours, 
in  chloride  of  cyanogen  prepnred  by  the  action  of  chlorine  on  dry  cyanide  of  mercury ; 
after  washing,  however,  it  no  longer  exhibit*  this  property.    (Wurtz.) 

Amtiionia-gos  oonverta  Ufjuid  chloride  of  cyanogen  into  cyanamide  and  sal-au- 
ffiooiue. 

Nydroa/anate  of  Chloride  of  Cyanogen,  CytH^.HCy. —  Obtained  by  the  aetaon  of 
chlorine  on  aqueous  hydrocyanic  ai'id  in  the  mannor  above  described.  It  is  a  wJour- 
lesB  liquifi,  smelling  stnungly  of  chloride  of  cyanogen,  inflammable,  and  burning  in  thi' 
air  with  a  violet  flame.  It  boils  at  about  20°  C,  and  solidifies  perfectly  in  a  mixture 
of  eOier  and  solid  carbonic  acid.  In  the  pure  stat*  it  may  be  k<>pt  for  years  without 
colouring  or  d<eipi->siting  crj-stals.  It  is  peri-eptibly  soluble  in  water;  but  a  large 
quantity  of  wRt*T  dMompoiws  it^  abstracting  the  hydrocj'anic  acid.  In  an  atmo«phere 
of  chlorine  it  changes  in  about  twenty-four  houra  into  solid  chloride  of  cyanogen. 
Bromine  converts  it  into  a  semi-solid  moss,  which,  when  modeniTf  ly  warmed,  givea  off 
bromide  of  cyanogen,  and  at  a  higher  tempenituro  yields*  solid  chloride  of  cyanogen. 
Mercuric  oxide  abstracN  the  hydrocyanic  acid,  and  converts  the  compound  into  Lquid 
chloride  of  cyanogen.     (Wurtz,  loc.  cit.) 

8.  tiolid  Chloridt  of  Cr/anogev,  C^''C1»  =  Cy*CP.  — This  compound  was  dis- 
coverwl  in  1827  by  Serullas  (Aon.  Ch.  Phys.  [2]  iixv.  291,  337),  who  regarded  it 
as  a  biddoride  of  cyanogen;  its  trae  composition  was  demonstrated  by  Liebig  (Fogg. 
Ann  XX.  369;  xjcxiv»  ti04).  It  is  produced:  1.  By  the  9tH)nt«neou8  tran«forniation'of 
gaseous  chloride  of  cyanogen  and  of  the  impure  liquid  chloride. — 2.  By  the  action  pf 
exccaa  of  chlorine  in  sunshine  on  anhydroits  pruesic  acid  or  on  moist  cyanide  of  mercury, 
by  which  rcaclions  it  wafl  Indeed  flxst  obtained  by  SctuILul — 3.  Dy  heating  diy  sulpbo* 
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C7«nateof  potjiwiaiu  in  chlorine  na  (Liebig). — 4.  By  the  action  of  pentadilorid« 
of  phoqihonu  on  dry  cy»ijuric  ucuf  (Boilstein,  Anu.  Ch.  Ph&rni.  ciri.  367): 

cy»H»o»  +  3pci»  =  Cfcp  +  spoa*  +  anci 

PrfportUion. — I.  Chlorine  in  excosB  is  paawd  into  dilute  hjdroeyanie  acid,  and  tho 
liquid  which  separatee  ^p.  280)  ii  distilled  without  prerious  purification.  The  liquid 
rbloride  of  ryanog«n  which  panes  OTCtr  soon  changes  into  the  boUd  modification 
(Wnrtx).    This  is  one  of  the  pasicet  modes  of  preparation. 

2.  Abottleofl  litre  capacity  is  filled  with  drr  chlorine  gas;  0'82  grm.  of  pmasic  acid, 
prrpored  by  Gay-Lusaac's  method,  introduced  into  it ;  and  the  dosed  bottle  exposed 
to  the  son  for  on©  to  three  days,  whereupon  the  hydrocvanie  acid  evaporates,  tho 
chlorine  gaa  ia  decolorised,  and  a  transparent  colourless  liquid  formed,  which  miu 
down  the  sides  of  the  Teasel,  and  soon  solidifies  in  white  crystals  of  solid  chloride  of 
CYoaogea.  The  hydrochloric  acid  gaa,  together  with  any  rolotile  chloride  of  cyanogen 
that  may  b«  pn^eut,  ia  then  blown  ont  of  the  bottle  with  a  pair  of  bellows ;  a  small 
qnaotity  of  water  and  a  few  pieces  of  glass  arc  introduced,  in  order  to  detach  tho  crys- 
tnllised  solid  chloride  of  cyanogen  from  the  sides  of  the  vessel  by  agitation  ;  the  whole 
ia  poured  into  a  basin ;  the  pieces  of  gloss  are  token  out ;  the  solid  chloride  of  cyanogen 
is  comminated  with  a  glass  rod,  and  repeatedly  washed  on  a  filter  with  a  small  quantity 
of  cold  water,  till  the  liquid  which  runs  away  no  longer  forms  a  doad  with  nitnitc  of 
nilrer*;  the  solid  chloride  of  cyanogen  ia  pressed  between  bibulous  paper,  till  it  is 
converted  into  a  dry  white  powder ;  and  this  powder  is  purified  by  one  or  two  diKtal- 
hitions  from  a  small  retort,  whence  it  passes  in  the  form  of  a  transparent  colourless 
liquid  into  a  receiver  cooled  with  wet  linen,  and  there  solidifies.     (8«rulla8.) 

3.  When  dry  cyanogen  gas  iw  passed  over  heated  sulphocyanate  of  potassium,  solid 
chloride  of  cyanogen  partly  subUmcs  in  needles,  partly  distils  over  dissolved  in  chloride 
of  sulphur.  The  ncodlos  are  purifiod  from  adhering  chloride  of  sulphur  by  a  second 
Kublimation  in  a  voss<^l  tlirough  which  a  cr>ntinuous  stream  of  chlorine  gas  is  passed. 
The  chloride  of  sulphur  which  piiS'^es  over,  leaves  when  evaporated  an  adnitional 
quantity  of  crystals  of  solid  chloride  of  cyanogen,  together  with  a  yellow  liquid  huring 
a  high  boiling  points  From  this  residue,  the  chloride  of  cyanogen  is  separatrd  by 
sublimation  in  a  stream  of  chlorine  gas,  the  yellow  liquid  then  remaining  behind. 
(Liebig.) 

4.  Perfeotly  dry  cyanuric  acid  in  well  mixed  with  about  «ix  times  its  weight  of  p^n- 
tachlorido  of  [>ho»pborU3;  the  oiivtur'*  is  distilled  :  the  distillute,  consisting  of  oxyohlo- 
ride  «>f  phosphorus  holding  solid  chlorido  of  cyjinogt^n  in  solution,  is  trented  with 
'Vtter  to  dpf-onipose  the  oxychlorido ;  and  the  solid  chloride  of  cyanogen  which  then 
arpanit4<9  is  wivshwl  with  wulor  luid  cnc TnUis<>d  from  ether.  This  method  yi<'!d»  a  per- 
fr^\j  pure  produrU  To  ensure  sncofss,  however,  the  quantity  of  cyanuric  acid  operated 
Uf>on  must  be  somewhat  cnnsid^Table.  The  decomposition  mny  rL«o  be  effected  in 
st-aled  tube*  at  150'^— 20(r  C. ;  but  this  method  is  less  conveni^nf.     (Beilstein.) 

Proptrtie*. — Shiaiug  white  needles  of  Hpeciflc  gravity  alwuit  1-320,  melting  at 
140°  C.  to  a  transparent  colourless  liqui*l  and  boiling  at  190"  (Sorullas).  Va- 
pour-dansity  6*36  (Bineau,  Ann.  Ch.  Phye<.  [2]  Ixriii.  424V  by  cnlcnlntion  (2  vol.)  — 
6*385.  It  gives  oat,  eerpeeially  when  heated,  a  punp-nt  odour  like  that  of  chlorine, 
but  (It  the  same  time  fctron^ly  reaenihling  that  of  mice,  and  excites  tears.  Its  taste 
is  weak,  but  is  nevprthelcss  Virailar  to  the  odour.  One  grain  difsolved  in  alcohol 
and  introduced  into  the  aliiuent.ar)'  canal  of  a  rabbit,  kills  it  instAntly.     (Serullaa,) 

Solid  chloride  of  cyanogen  dissolvee  in  water  without  decomposition  at  fint,  but  is 
afterwords  rwolvcd  with  it,  slowly  at  ordinary  t^mperahuv*,  more  quickly  at  the  boil- 
ing heat,  and  instantly  in  presence  of  a  fixed  alkali,  into  hydrochloric  and  cyanuric  acids 
(Sernllas): 

C«N»C1>  +  8H»0  =  C^"*H«0»  +  3HCL 

Similarly,  when  boiled  with  ammonia,  u-attr,  and  alcohol,  it  yields  sal-ammoniac  and 
cyanuric  acid  :  but  in  the  absence  of  ulenhol^  chlorocyanumide  is  produced.  The  samo 
I  is  formetl.  with  slight  evolution  of  heat,  when  dry  ammonitwnl  ffa»  in  passed 
sri-sed  rh  loride  of  cyanogen  (L  i  e  b  i  g).  Solid  chloride  of  cyanoncn  mbted  with 
I  is  decomposed,  with  evolution  of  light  and  lieut.  yielding  chloride  and  cya- 
nide of  potassium  (t^eruUas).  It  dissolves  very  readily  in  alcohol  and  f(her,  whence 
it  ia  precipitated  1^  water.  When  dissolved  in  absolute  alcohol  it  remains  unaJterud ; 
but  in  bydratini  alcohol,  it  is  eonverted  in  a  short  time,  with  violent  evolution  of  heat, 
into  vapour  of  hydrochloric  acid,  and  cyanuric  acid,  which  settles  in  cubes  at  the  bottom 
of  the  liquid.     (Liebig.) 

*  ThU  wi»h-«at»,  which  contain*  h^itrat'hlnrie  arid,  nranurk  acid,  tad  ■  nsali  qiuatily  of  dilofv 
ejaalc  ell,  ma/  be  utnl  lor  the  prvjiaratioo  uf  cjauuf  ic  «cw 
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Chloroctfanic  Oil, — Tbia  name  is  given  to  an  oily  It'jiiid  containing  chloniM', 
carboa,  and  nitrogen,  which  ia  pr^xiuecd  by  the  nction  of  chlorine  on  nuiny  cyunogvn- 
compotuidlti,  i:g.  ou  cyanogen-gHB  in  nunsbinff(Gny-Lug!«iic.  Ann.  CLim.  xct.  *200),  on 
arthydrou*  hydrocj'iinic  ticid  in  sunshine  (Gfty-LuHSttc,  Scrullas,  Ann.  Ch.  Phjs. 
1^2]  xxxT.  300),  on  the  strong  aqucoiia  acid  (G  ay-Lusaac),  on  dry  cyanide  of  meivury 
\a  Mxnshinc.     (Gay-Lussac.) 

Preparation. — A  concentrated  aqupoas  solution  of  5  grms.  cyanide  of  merrory  is 
ponrea  into  a  bottle  of  I  litre  capacity,  filled  vnth  chlorine  gas  and  exposed  to  tbe  sun  : 
in  an  hour  or  two,  drops  of  oil  are  aeon  running  down  the  8ide«.  and  in  four  boura,  if 
tlie  sunshine  ia  strong,  the  action  is  complete.  In  diffused  daylight,  the  decotnpoBitioQ 
goes  on  more  slowly  and  yields  less  oil.  The  oil  ia  mccbauicaUy  wpanted  from  tlie 
water  aljove  it — a  large  quantity  of  volatile  chloride  of  cyanogen  then  escaping — and 
drawn  up  into  tubea  under  water  (Serullas),  Bonis  (Ann.  Ch.  Phys.  [3j  xx.  446) 
proceeds  in  the  same  manner,  except  that  he  prepares  a  solution  of  cyanide  of  mercury 
BatTinitcd  at  the  boiling  heat,  and  pours  it  while  still  hot  into  bottles  filled  with  chlorine. 
The  crystals  of  chloride  of  mercury  which  form  at  first,  soon  dissolve,  and  ore  replaced 
by  elitagated  cry^tiils,  the  forraulion  of  whieh  appears,  however,  to  be  mert'ly  accidental ; 
afterwards  the  oily  dropii  appear.  The  chlorine  must  be  repeat<-dly  renewed,  t  iU  it  no 
longer  loses  it  colour,  In  the  bright  sunshine  of  snmmer,  the  saturation  of  the  liquid 
with  chlorine  is  completsd  in  two  hours ;  in  winter  it  takes  two  or  throe  weeks,  f  otir 
parts  of  cyanide  of  mereunf  yield  I  pL  of  the  oil. 

Chlorocyouic  oil  is  a  ydlow  liquid,  heavier  than  water ;  it  lias  a  very  causHe  tast« 
(Bouis).  and  a  very  pungent  odour,  like  that  of  cyanogen,  but  with  a  peculiar  aro- 
matic character,  causing  a  copious  flow  of  teaxB  and  coughing.  It  is  not  nearly  so 
poisonous  aa  chloride  of  cyanogen,  a  tolerably  strong  dose  killing  rabbits  only  after 
several  hoars.  When  recently  prepared,  it  does  not  redden  litraus  or  precipitate 
nitrate  of  silver  (Sertillas).  Its  boiling  point  is  at  least  as  high  as  that  of  oU  of 
vitriol  (Liebig).  It  miikea  grease-spots  ou  paper,  which  are  dissipated  by  heat.  It 
i»  insoluble  in  wat«r,  but  soluble  in  alcohol  and  ether.  It  decomposes  gradually, 
whether  moist  or  tlrj*,  depositing  crjr'stals  of  trichloride  of  carbon,  CCl*.  It  explodes 
when  heated.  Bonis  found  it  to  contain  10-6  per  cent,  carbon,  8*4  nitrogen,  and  TSfl 
chlorine,  whence  he  deduces  the  formula  CNH;!".  Serullas  regards  it  as  a  mixtoreof 
chloride  of  cyanogen  with  chloride  of  carbon  and  chloride  of  nitrogen. 

The  oil,  when  moderatelv  heated,  boils,  gives  off  nitrogen  (mixed  with  carbotuc  an- 
hydride), and  yields  a  Liquid  distillate  which  deposits  crystals  of  trichloride  of  carbon. 
Thtf  distillate  i.s  colourles.^  limpid,  heavier  than  Wiitor;  has  a  strong  irritating  odour;  is 
iiisfilubic  in  water,  solnblo  in  alcohol,  more  soluble  in  other;  boUa  at  about  86'' C,  the 
Wiling  point,  however,  gradually  rising,  Bouis  found  in  it  11*6 — 12*4  per  cent  car- 
bon. 4y  to  6"1  nitrogen,  and  804— 81 '8  clilorine,  and  represents  it  by  the  formula 

^"Len  the  chlorocyanic  oil  is  sliphtly  heated  with  nitric  acid,  the  mixture  gives  off 
forrpiits  of  ess,  which  often  blow  the  appamtiiii  to  pieces.  The  gsae^  consist  of  nitro- 
gen, carbonic  anhydride,  and  nitrous  Tapours.  mixed  with  a  yellnwish  vapour  having  a 
very  powerful  odour.  By  disJilLition,  crv'stalu  of  trichloride  of  carbon  are  obtained, 
together  with  a  colourless,  very  volatile  li<|aid,  having  an  odour  Btill  more  irritating 
than  the  preceding  pnniiiicts.  Bouis  found  it  to  contain  10-3  to  10-9  per  cent,  carbon, 
e-2  to  TM  nitrogen,  and  75-9  to  75-7  chlorine^  numbers  which  he  represents  by  the 
formula  C'»N*C1"0». 

In  connection  with  these  corapoands.  we  may  describe  a  cryHtalUno  subfitance,  which 
Sten  house  {Ann.  Cli.  Pharm.  xxxiii.  &2)  obtained  by  the  action  of  diy  chlorine  on  an 
aleohnlie  solution  of  cyanide  of  mercury,  or  of  hydrocyanic  acid. 

Wlien  an  alcoholic  solution  of  cyanide  of  mercury,  cooled  by  cold  water,  is  ntnrated 
witii  dry  chlnriao  gas,  large  quantities  of  ssl-ammouiao  are  produced ;  the  mass  be- 
comes heated,  giving  off  oarlionic  anhydride  with  effcrvefivnce,  and  the  liquid  retfttni 
a  peculiar  compound,  together  with  mercuric  chloride.  Tho  solution  is  heated  with 
water,  which  dissolves  the  sal-ammoniac  and  the  chloride  of  mercury,  and  deposits  iJio 
new  IkkIv  in  white  shining  neetUea.  If  boiling  water  is  usod,  the  crystals  form  slowly 
and  are  of  larger  size.  Care  must  be  taken  not  to  let  tho  liquid  get  heated  during  the 
passage  of  the  chlorine,  and  to  stop  the  ciirrent  of  ^iiS  as  soon  as  sal-ummoni.'u:  censes 
to  be  deposited,  otherwise  secondJiTy  products  will  be  formed.  A  more  economical 
mode  of  preparation  is  to  pass  chlorine  slowly  into  a  strong  alcoholic  solution  of  hy- 
drocyanic acid  till  crystals  of  sal-ammoniac  make  their  appearance,  and  the  liquid 
gives  off  carbonic  anhydj-ide  with  effervoscence. 

The  compound  cryfltallises  in  long,  colourless,  shining  needles,  much  like  sulphate 
of  quinine.  It  is  neutral,  tasteless,  inodorous,  and  meltt  at  120^0.  writh  partial  sub- 
limation.  It  dissolves  sparingly  in  cold  water,  easily  in  aleohol  and  ether.  Potash- 
ley  decomposes  it,  ammonia  being  given  qS,  and  the  liquid  assaming  a  dark  hnrnm 
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eolonr.  It  dusolrra  in  hot  aqanons  amoionin,  and  sepuates  oat  on  cooling.  Sulphuric 
mnA  and  nitric  acid  likewise  aiHvolre  it 

This  anbstaace  gives  by  snalysiM  (mean)  3d'4  per  cent  cnrbon,  6*0  hydrogen,  1035 
nitrofan,  and  260  chlorine,  whence  Stenhoose  dedneea  the  formala  C^H'CI.NO*. 
Laurent  sappoaea  it  to  contain  I  at.  bTdrogen  leaa,  and  repmeota  it  by  the  formula 
G^H'N.CIO',  ■nppoaing  it  to  be  formea  aa  ahovn  by  the  equation : 

C»H'0  +  2CNH  +  H*0  +  Cl»  =  C*n«NaO»  +  NH«CL 

Th«  cTolution  of  earbonic  anhydride  i«  ascrib«l  lo  a  secondaiy  reaction.  According 
to  Laarent'a  formula,  the  body  might  be  reaoked  into  oxalic  acid,  alcohol,  and  sal- 
ammoniac: 

C«H*C1N0»  +  3H'0  -  CTFO*  +  C'H'O  +  Nfl'a 

CTJUrOOSV.  SSTSCTZOW  and  Z&TZMJLTIOW  OF.  The  detection  ot 
cyanogen  in  metallic  cyanidts  which  give  off  prussic  acid  when  treated  with  dilute 
iM-ida,  is  T«ry  simple,  e«peciiilly  when  only  the  alltali-metala  or  iilkaline-e«rth-tnetal» 
KK  present  The  liquid  is  first  rendered  strongly  alkutiue  (if  not  »o  already);  a  umaU 
qoAntity  of  a  ferroso-feiric  aolutioa  is  added  ;  and  the  mixture  is  wiirmcd  for  a  short 
time  (to  CftTour  the  formation  of  yellow  pnuwiate),  then  Buper«aturat«i  with  hydro- 
chloric acid.  Prussian  blue  is  then  formed  if  a  cjunide  is  present  or  if  in  very  amall 
quantity,  the  liquid  asaumea  a  green  colour,  and  slowly  deponite  prosaiaa  blue  on 
standing,  the  green  colour  of  the  liquid  changing  at  the  same  time  to  yellow.  (See 
also  TisTH  roB  Htdhoctanic  Acid,  p.  218.^ 

To  detect  cyanogen  in  double  eyantdea  which  do  not  give  off  pniasic  add  with  dilate 
acids,  they  must  first  be  fused  with  dry  carbonate  of  sodium,  toe  maas  tlien  lixiriatod 
with  water,  and  the  solution  te8t«d  with  a  ferroso-ferric  salt  as  above. 

The  detection  of  cyanogen  in  its  other  compounds  is  more  difficult  The  cynnatrt, 
$uIphocyanaie»,  and  n/anamidra  are  not  cAsily  converted  into  cyanides  ;  most  of  tbi-ni, 
however,  sxhibit  reactions  of  their  own,  by  which  they  may  be  easily  recognised, 
r.y.  cyanic  acid  by  splitting  up  with  water  into  ammonia  and  carbonic  add;  sulpho- 
cyanic  acid  by  the  tdood-red  colour  which  it  produces  with  ferric  iwiltj.  Chloride, 
bromide,  and  iodide  of  cvsmogen,  mixed  first  with  solution  of  ferroufi  sulphate  and 
llien  with  pota*h-loy,  yield  a  green  precipitate  after  acidolalion  with  bydrodxlorio 
acid. 

From  the  ct/nnidea  of  the  alcohol'-radictea  and  org<mie  bases,  mch  as  cyanopbenyl- 
stnine,  the  cj-ajiogen  cannot  be  separated  as  such,  so  that  it  is  doubtfid  whether  these 
rntnnoutitis  actaally  ccnt^iin  cj-anogen.  On  treating  them  with  acids  or  ulkulia,  am- 
moma  is  separatexf,  and  the  carbon  of  the  cyanogen  is  left  in  combiiiatiou  with  th> 
scBUuntng  earbuu  of  the  organic  body,  e.  g. 

2(OH'N.CN)  +  2HC1  +  2H'0  =  C'*H"N^»  +  2NH*CL 

Cyanide  of  I'htnj^losa- 

phcoylmmin*.  niiil*^ 

CN.CTI*  +  KHO  +  H'O  =  Cn'KO*  +  NIP. 

CfanMe  of  Proplon«t«  of 

ethyU  putasalaiB. 

To  test  a  gm  hx  cyao(^en,  the  gas  is  shaken  up  with  potaah-ley,  which  absorbs  the 
cyanogen,  forming  cyanide  and  cyanate  of  potascinni ;  the  solution  may  then  be  tested 
widi  a  ferroso-fcrric  salt  as  above.  The  same  inaction  will  however  be  obtained  if 
the  gas  contains  hydrocyanic  acid  instead  of  ^anogen ;  but  in  that  cajte  no  cyanate 
of  [^iot«s8ium  will  be  formed.  The  potash-solution  must  tlierefore  be  furtlier  tested 
for  cyanatA  by  acidulating  it  with  hydrochloric  acid,  and  heating  gently  :  the  eyanis 
acid  will  then  be  resolved  into  carbotiic  acid  and  ammonia,  which  latter  will  be  given 
off  on  supersatunitiiig  with  potash.  Another  method  of  detecting  free  cyanogen  in 
pprttence  of  hydrocyanic  acid,  is  to  remore  the  latter  by  means  of  red  mernuric  oxide, 
which  does  not  absorb  the  cyanogen  at  all  if  dry.  and  only  very  slowly  if  it  is  moist. 
The  remaining  gas  may  then  be  tested  with  potash  as  above. 

The  quantitatim  estimation  of  cyanogen  may  often  be  effected  by  loss,  that  in  to 
•ay,  by  determining  the  amount  of  the  body  (generally  a  metal)  nniti-d  with  tho' 
eyanogon.  To  determine  the  cyanogen  directly,  the  cyanogen-compound  is  generallyi 
burnt  in  a  combustion-tube  with  oxide  of  copper,  and  the  carbon  dett*rmined  as  in 
organic  analysis.  100  pts.  by  weight  of  cartK)nic  anhydride,  CO',  are  eqaivalentto 
69-1  pts.  cyAnogen,  CN, 

If  other  compounds  are  present  containing  carbon,  but  fn^e  from  nitrogen,  the 
cyanogMi  may  be  converted  into  ammonia  by  ignition  with  »od:t-lime,  and  the 
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Ammonia  qaanlitatiTelj  det«rmin«d.  100  pts.  ammonia  corrrsponj  to  15294  ptft 
cyanogen. 

In  cyanides  whiclj  ar?  wilnWe  in  w.-iter  or  in  dilnt-e  acid*,  ihe  unionnt  of  cj'xnogMi 
may  generally  be  determined  by  prtTipitation  \nt]\  nitrate  of  eilver  tis  dc«crib«Hl  in  thn 
trticlip  Ctakuje  of  Htdbooejj  (p.  219).  In  »ome  cases,  bowever,  as  with  cynnidr  of 
ineriniry  and  ni:iny  double  cyanides,  (.  g.  the  feiro-  fenri-  nnd  ei»V»nlticyanide«i,  thii 
Tivth^jd  is  not  directly  applicable;  Duch' compoundK  roust  be  treated  by  aome  oC  the 
nn'thofls  prcxnous-ly  mentinncfi 

Thp  amount  of  cynnngt-n  in  qfnnidf.  of  mrrcttrtf  mny  be  accurately  determined  by 
mixing  Ihfi  aqneona  solulion  of  the  salt  with  caustic  potash  and  sulphide  of  pota3*dnm, 
the  latter  in  >sli»jlit  excess  only,  and  adding  a  solution  of  zinc-oxide  in  potaah-  The 
rvanogcn  miiy  tli^n  be  pn^ipitated  from  the  nentralised  filtrate  by  nitrate  of  silrfr. 
AVhen  cyanide  of  mercury  is  deoompo»ed  by  imlphydric  acid,  part  of  the  cyanogea  ia 
Kur«  to  escape  as  hydrocyiinic  acid.  Another  very  exact  method  is  to  deoonapooe  the 
merpuric  cyanide,  dissolved  in  more  than  25  to  SOpts.  water  in  a  stoppered  bottle  with 
cadmium  filinfrs.  The  decomiKisition  in  complete  in  alx)ut  36  liours,  and  the  cyanogen 
may  fltt-n  be  precipitated  fmm  the  stolution  of  cyanide  of  cadininm  by  nitrate  of  aOfer. 
(II!  Kose,  Zeitsrh.  Anal.  Chera.  i.  288.) 

CTAXrOCEXr,  XOBZSS  op.  CNI  ^  CyL  (H.  Daw,  Gilb.  Ann.  lir.  ft«4. 
W5Uler,  ibid.  Lxix.  281.  Scrullas,  Ann.  Cb.  Phy».  [2]  ixrii.  184;  xxix.  184; 
xxxiv.  100;  xixT.  293,  344.  Van  Dyk.Itppert.  Pharm.  xxi.  223.)  This  compoand, 
discovered  by  Sir  H.  Davy  in  1816,  is  not  formed  by  the  direct  union  of  its  elements, 
bat  is  easily  obt«ined  by  the  action  of  iodine  on  cyanide  of  mercury,  cyanide  of  silvpr, 
or  other  metallic  cyanides  ;  it  ia  likewise  found  as  an  impurity  in  commercial  ithiiue 
(Scanlan,  Chfm.  Soc.  Mem.  iii  821.  F.  Meyer,  Arch,  rhsirra.  [2]  li.  29.  Klo- 
bac  h,  ihid.  bt.  34). — 1.  Two  pta.  of  cyanido  of  mercury  are  mixed  with  1  pt  of  iodine, 
very  intimately,  but  qtiicUy,  to  prevent  loss  by  volatiliKation,  and  the  mixture  gradually 
und  gently  heattHl,  either  ia  a  retort  provided  with  a  reoeivrr,  or  in  a  wide-necked 
fl>isk,  the  month  of  which  passe«  tinrler  a  bell-jar  partly  closed  with  a  glafs  (nlate  ;  or 
the  mixture  is  heated  in  a  small  porcelaiu  dish  till  the  iodide  of  cyanogen  '")e^'n9  to 
Tolutilisp,  the  dish  then  placed  upon  a  large  glas^a  pla.te,  and  covered  with  a  VU-jnr; 
the  iodide  of  cyanoj^eu  then  suliliniies  on  the  sides  of  the  jar  in  lai^  white  ilork] 
(Serullas).  The  product  is  tisually  contiiminatvd  with  lotlide  of  mercury,  uLick 
sublimes  with  the  iodide  of  cyanogen,  chiefly  towards  the  end  of  the  operation ;  it  may 
be  purified  by  a  second  sublimation  over  the  wat«r-bath  or  in  annshine,  but  tl>e 
« [>eratIon  takes  a  long  time.  If  the  iodide  of  cyanogen,  when  Baperaatniated,  first 
with  strong  aqueou.1  potash  aud  then  with  nitric  acid,  yields  no  precipitate  of  mercoric 
iodide,  it  may  be  coneidered  free  from  that  impurity.     (SernllHa.J 

2.  Dy  licatinp  a  mixture  of  iodine  and  cyanide  of  .silver.  Tlus  process  yields  a 
powr  product  (Wiihter)— 131  pts.  (1  at.)  cj-anide  of  silver  require  rather  le««  than 
262  ptj*.  (2  at.)  of  iodine. 

3.  lodiae  is  diKSolved  in  a  concentrated  solution  of  cj'tinide  of  potABsinm.  in  rach 
quantity  tliat  the  solution  mny  eolidifv  in  a  crysttdliue  nrans  on  cooling,  and  thf 
solid  mass  is  gently  heated  till  the  ioiide  of  cyanogen  sublimes.  (^Liebig,  Chim. 
org.  1.  180.) 

Propertus. — Iodide  of  cyanogen  forma  long,  white,  very  delicate  needles,  loosely 
united  in  feathcrH  and  stars  (Serullas).  From  its  solution  in  ether  or  absolale 
alcohol,  it  crj'staUisoa  in  small  four-sided  tables ;  from  a  solatinn  in  spirit  of  80  per 
cent,  in  Wg  ft-athery  needles  (ilerzog,  Arch.  Pbiiriu.  [2]  IxL  129).  It  is  very 
heavy,  sinking  rupidly  In  oil  of  vitriol.  It  boils  at  a  temperature  considerably  above 
100^  C,  and  voktilisea  nndeoompoaed  even  at  ordinar)'  temjferutures.  It  haa  a  highly 
penetrating  and  pungent  odour  of  iodine  and  cyanogen  together;  excites  a  copious 
fliiw  of  tears;  and  has  an  extremely  acrid  ta-tte  (metallic  if  it  is  contaminated  with 
iodide  of  mcwury )  (i^  e  ru  I  lu s).  It  is  very  poisonous,  acting  like  iodine  and  cyanogen 
together.  It  dissolves  in  tuatir,  and  more  rcudily  in  dcoho/,  forming  colourless 
solutions  which  do  not  change  the  colour  of  litmus  or  turmeric,  or  turn  starch  blue,  or 
precipitate  nitrata  of  Klver.  It  dissolves  with  atill  greater  facility  in  etker  and  in 
vo/atiU  oih,  and  is  likewise  soluble  in  /Lxfd  oils. 

Dtcompo^tions. — 1.  Iodide  of  cyanogen  thrown  upon  red -hot  coals  (Ser  alias),  of 
pa.*'«ed  through  a  red-hot  tube  (Wijhlcr),  gives  off  violet  rapoura  of  iodine.  Even 
its  aqueous  solution,  when  kept  for  some  time,  imparta  a  pale  violet  colour  to  Ui« 
BUperincumbcnt  air  (SeroUas).  Strong ettZ/jAwWcoi'vci  decomposes  iodide  of  cyaoc^ea 
rery  alowly,  acquiring  thereby  a  red  colour,  and  precipitating  iodine  (Ser'uUas); 
according  to  Herzog,  the  decomposition  does  not  take  pliice  without  tho  aid  of  heat 
It  dissolves  also  without  decomposition  in  nitrif  and  in  cold  hydrocklonc  arid.— 
3.  Sulphurous  anhydride  exerts  no  action  on  iodide  of  cyanogen :  bat  the  aqueo»ii 
solntioa  of  aulphurous  acid  fonar  with  it  fvatcr  being  decomposed)  sulphuric  acid, 
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Isjdfoeyanie  tdi  und  iodin*.  which  last  Bubstancc,  by  ihe  further  action  cf  tha 
BuIptiiiNos  acid,  yields  hjdriodic  and  Bnlphoric  acids.     (i>eruilaa) : 

2CyI  ■♦■  IPO  +  H*SO»  -  H'SO*  +  2nCy  +  P; 

Cyl  +  HK)  +  H«SO*  -  H»SO«  +  HCy  +  HL 

SH/phi/tfrrr  add  <fa»,  in  the  absfnce  of  water,  conTcrta  iodide  of  cyanogen  into  hydriodle 
acid  und  M(wk  iodide  of  aulphur;  in  preaence  of  water,  the  products  are  hydrocyanic 
acid,  hydriodic  acid,  and  a  precipitate  of  nulphur: 

2CyI  4  H»3  -  2HCy  +  SP; 

Cyl  +  H»S  -  HCy  +  HI  +  a 

6.  Iodide  of  cranogeo  disiolTea  in  catuiie  fotath,  forming  cyanide,  iodide,  and 
pvrbapa  also  iodat«  of  potaanum  (Serullae).     Probably  thua: 

SCyl  4-  8KH)  -  3KCy  +  2KI  +  KLQ\ 

6.  An  a<)u<*oaii  solution  of  iodide  of  cyanogen  mixed,  6rst  with  potash,  then  with 
ff-rrQut  tulfhate,  then  with  hydrochloric  acid,  —  or  first  with  ferrotiB  sulphate,  th^n  with 
pitaflh,  and  then  with  hydrochloric  acid, — jriolda  a  green  precipitate  (^Seral  1m»<). 
Tliiu  reaction  diatingnisbea  iodide  of  cyanogen  from  the  bromide  and  chloritl<\  wliich 
yield  llie  jn^-en  precipitate  in  the  latter  ca»o  only, — 7.  Phosphorus  tiw\U  in  coritHct 
with  iodtile  of  cyanopen,  and  yieldj  iodide  of  phosphoraa,  often  with  einiKsion  of  light 
and  hfjit ;  tbf  cynnoppn  i«  prolwbly  set  free  in  thia  reaction  (Wohler,  Dyk).  Simi- 
Iju-ly,  powdi-rcd  anUmcny  ncated  with  iodide  of  cyanogen  dccompo«es  it  with  now, 
and  forni«  iftdide  of  untimony;  and  mm-wrr/ agitated  with  aqueous  iodide  of  cyanogen 
lilx»rato*  the  cyanogen,  and  is  converted  into  iodide  of  raeiwuiy^  exhibiting  flr^t  • 
yellow  and  then  a  red  colour.     (Wohler.) 

r>r^  chlorine  gjw  and  nitric  acid  do  not  decompose  iodide  of  cyanogen.  (Serullap.) 
With  amftumta-giu,  iodide  of  cyanogen  forma  a  mixture  of  iodide  of  ammoninm 
and  cyaniimide,  formerly  regarded  as  ammonio-iodide  of  cyanogen.     (See  ChraKaiiiiiB, 
p-  IKH.) 

CTAVOQBxr,  SintPSTl>aAT&S  07.  Dtj  sulphydrie  acid  gaa  does  not 
act  npon  cyanogen,  but  in  the  moi.«t  state,  the  two  gaw»  unite,  forming  two  cryatallina 
compounds,  according  to  the  proportions  in  which  they  are  mixed. 

Monotulphydrate.  Flavranvcasscrttoffaure  (Berzelins)-  Sulphoxahnidt 
(LaurentV  (T'N'H'S  —  Cy*.H*S, — This  compound  i»  formed  when  cyanogen  and  aul- 
phydric  acid  ga»,  both  moist  and  the  former  in  excess,  arc  passed  into  a  glass  receiver 
t-tanding  oTor  mereory,  or  into  alcohol.  Laurent  (Compf.  chiui.  1840,  p.  873)  passes 
the  two  ^uca  (the  cyanogen  io  large  excess)  into  a  large  bottle  moiatenod  with 
vater,  ana  purifies  the  er^ali  which  form,  by  recrystalliuation  from  «ther. 

The  compound  cryatallises  in  yellow  ncrdlca  having  a  pungent  and  afterwards  bitter 
taatd.  It  aissolrefl  in  water,  alcohol,  and  ether.  The  solutions  are  net  add ;  they 
beeona  darker-coloured  on  standing,  and  deposit  brown  floclcs,  emitting  at  the  same 
time  an  odour  of  prassic  acid.  Heated  with  dilute  acids  or  alkalis,  it  yields  oxalio 
add,  ammonia,  and  sulphydrie  add : 

(7N»H'S  +  4H*0  -  (7n*0*  +  2NH*  +  H«a 

With  a  strong  solution  of  potaah,  it  forms  sulphocyimate  and  cyanide  of  potassium : 

C»N*H«S  =  CNH  +  CNHS. 

Ilfdrucyiuilc    Sulpho- 
■cid.       cj'ouic  acid. 

With  ailver-salts,  it  forms  mlpbide  of  ailver,  cyanogen  being  at  the  same  time  set  fr«e: 
from  acetate  of  lead,  after  a  while,  it  precipitates  sulphide  of  lead. 

DitHlphydratf.  RtAcaimoMrratofiiaurf  (BeTzeVmt).  Svlphorami ^r (LunrantX 
C^'H'S'  -  Cy*.2H'S.— This  compound,  which  has  the  composition  of  oxamide  in 
which  the  oxygen  is  replaced  by  sulphur,  i«  prepared  by  p.issing  ej'anogen  gas  and 
exeefs  of  sulphydrie  acid  simultaneously  into  water,  or  l«tter,  into  alcohol  The 
liquid  grjidnjilly  ncqnires  a  yullow-red  coic-or.  and  depoj.its  small  crystals  of  the 
compound,  which  may  be  recryatallised  from  ak-ohol.     It  furms  yellow-red  shining 

rue  crystals  ver)'  slightly  soluble  in  cold  water,  somewhat  more  in  boiling  water, 
in  alcohol  and  ether.  Strong  snlpliuric  acid  dissolvea  it  with  yellow  colour, 
moA  depojiitu  it  again  unaltered  on  addition  of  water.  When  it  is  gently  hetited,  a 
»roall  portion  eiibliroes  unultorcd,  the  rest  Icing  niitilvcd  into  sulpliide  of  rtmruoninm 
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and  free  parbon.  It  dissolves  without  alteration  in  cold  potash ;  bat  when  boiled  with 
dilute  jpotash,  it  yields  oxulate  and  milphide  of  potasaium,  together  with  ammooi* : 

C»N«H«S»  +  3KK)  +  H'O  =  C»K»0*  +  2K»S  ••-  2NH». 

A  similar  decomposition  takes  plaa«  when  the  compound  ia  boiled  with  hydrochlorie 
ac'id.  Boiled  with  strong  potash-BolntioQ  it  yields  cyanide,  BDlphocyaoatc,  and 
sulphide  of  potassium : 

C»N»H«S»  +  2K»0  -  CNK  +  CNKS  +  K»3  +  2H'0. 

Tho  compound  i»  not  deconjpo«k;d  by  dry  hydrochloric  add,  or  by  ^tdphtirooi  acid 
or  ammonia  either  dry  or  aqueous.  CUorine  decoTnposea  it  with  nid  of  heat,  fbxming 
chloride  of  sulphur ;  with  boiling  nitric  acid,  it  forma  sulphuric  acid.  Tho  aqoeons 
solution,  miicd  with  Qicrote  of  wlrer,  givea  off  cyanogen  and  throws  down  snlphide 
of  silver.  With  neutral  acetate  of  lead,  it  yields  an  orange-yeJlow  precipitate 
CN^H'Pb'S',  which  rotain*  its  colour  when  carefully  dried,  but  jnelds  nnlphide  of 
|pad  when  boiled  with  water  (Wohler,  Volckel).  With  cupric  salts  it  yields  a 
blat-k-green  precipitate  which  resembles  the  lead-salt  in  its  reactions.  With  mercuric 
eliloride  it  forms  a  tiiick  white  precipitate,  ajid  givtjs  off  hydrochloric  add.     (Wtihler.) 

(For  fhrthcr  details  rcsptctiug  these  compounds,  see  ChneJin't  Handbook,  viii.  116.) 

CTAnrocior,  fttnbPHXOB  or.  See  Sl^LFHocTA^^c  Anhtdbipb, 
CTiLNOZ^  C*H"NO?  (IloasiBnon,  Compt  rend.  xiii.  661.)— A  volatile  oQ 
ppodufcd  by  tl)«  fi-nnentution  of  pressed  almond-cake  and  of  many  Btone-frmta  con- 
taining prussic  Rcid.  To  prepare  it,  the  bruised  and  moistened  almond-cake  is  spread 
out  on  paper  till  the  mass  begins  to  ferment ;  the  fermented  mass  is  carefoU^  distilled; 
and  the  distillate,  which  at  Srst  contains  a  small  qiwntity  of  acetic  acid,  is  collected 
in  a  receiver  containing  potash-ley.  The  cyanofl,  which  floats  on  the  liiquid  in  oily 
drops,  is  first  treated  with  chlorine,  and  then  rectified  over  potash.  Cyaooil  may  also 
be  ohtiiined  bj  fenaenting  nlmond-cako  witli  ehecM. 

Cyaiioil  is  a  colourless,  oily  liquid  which  smells  like  bitter  almonds,  tastes  somewhat 
sharp  and  astringent,  is  insoluble  in  water,  and  has  a  epeciflc  gravity  of  1-009 ;  it 
bums  with  a  purple-red  flame.  Wlien  exposed  to  the  air,  it  slowly  volatiliBea  without 
alt^rutioQ.  It  is  mild  not  to  be  decomposed  by  potash,  chlorine,  bromine,  or  iodine. 
It  mix(>s  in  all  proportions  with  nitric  acid^  and /tlsgolvcs  camphor,  naphthalin,  and 
wax.  It  is  said  to  contain  69 '42  per  cent,  carbon,  10 -54  hydrogen,  13*02  nitrogen, 
and  7'0'2  oxygen,  numbers  which  may  be  represented  by  the  empirical  formula  aU)vo 
given ;  but  the  investigation  of  this  snbatance  is  altogether  very  imperfect 

CTAJVOZiXTS*  A  hydrated  silicate  of  caldum  occurring,  intergrown  with  cerinite 
and  cBotrallaitsit*,  in  a  kidney-shaped  mass  in  the  trap  of  Fundy  Bay,  a  mile  to  the 
east  of  Black  Rock,  and  forming  the  innermost  portion  of  the  moss.  It  is  amorphoua, 
with  a  fracture  viirying  from  flat  conchojdal  to  even.  Colour  bluish  grey ;  iridescent; 
opaqae  in  the  mass,  translucent  at  the  edges.  Speciflc  gravity  =  2*496.  Hardnea 
=  4-6.  Soluble  in  hydrochloric  acid,  with  aeparation  oJf  gelatinous  silica.  Befors 
the  blowpipe  it  melts  on  the  thin  edges,  forms  dear  beads  with  soda  and  borax,  and 
a  translucent  glass  with  phosphorus-^t. 

The  analysis  gave : 

8i0»  ATO»  C«0  M«0  K'O  H»0 

72-52  1-24  18*19  trace  061  6-91  =  99*47; 

apTXiing  nearly  with  the  formula  UCaO.lO&iO'  +  bUOor  14Ca0.15SiO'  +  SHK). 

(11  ow,  Ediuk  N.  Phil.  J.  I.  847.) 

CTAX-OBXTB,  or  Cyanoae. 
CTAB-OTOIiVISIVB. 


Native  sulphate  of  copper.     (See  Sulphates.) 
See  ToLuiDiNK  (v.  86fl). 
CYAfTOTRICHITi:.     T^itscunite,  Sammtere,  Kupfcrsttmmf4rz.— A  mineral  from 
Mi.Miiwa.  iu  ttre  Baunat,  occurrinp:  in  velvety  <lepo!«it^  consisting  of  delicate  small- 
'  '  ■"  "'—■      Two  specimeas  analysed  by  Percy  (Phil.  Mag.  [3]  xxiv.  100)  gave: 


blue  lilirea. 


SO* 
15-38 
14-12 


AlO* 


Fo»0> 


11-06 


11-70 


118 


CuO 
4816 
46-69 


23*0fl  =  08-30 

23-06  insol.  2-35  -  98  36 

6Cu'\ 
(Al«)^    0"  +  12aq. 
2(S0*)"J 

CTAMOys  Aczn,  The  name  originally  given  by  SeruHos  to  cyanic  acid,  on 
the  Niippositiofi  that  it  Cfintaiiied  only  half  as  much  oxygen  as  tho  acid  then  called 
a/anie,  but  now  c^anuric  ticid. 


whence  the  formula,  eCuOja'0»,2SO*  +  12IP0  - 
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Onr AM9mAJ«ZC  ACZDS.  Ammeline,  CV*n*0,  and  Mtianurmie  aeidy  (TN'H'O*, 
mmj  b«  regarded  m  mmie  neids  of  cy&niiric  add,  both  being  intermediate  io  compoaitioa 
baiwecn  eyairarie  odd  and  cyananunide  or  melamine,  tboa : 

Cyanaric  icid.        .....       .      C«N«H^»  =.  *^|o« 

UdMrartnic  add C«N*H*0»  -  ^Iq, 

AmmeUne C»N»HH)  -  S'l^ 

Cyannnmide CN-H*  »   U*llX* 

Ammetine,  CWHK).  (Liebig,  Ann. Ch. Pharra.  x.  30;  ItjIL  249.  Knapp,  ibid, 
rxL  244.  Laarent  and  Derhardt,  Ann.  Ch.  Phyn.  [3]  xii.  02.) — Thia  compound, 
yrhich  may  also  b«  r«gaidcd  as  composed  of  2  at.  imtciaiiijde  and  I  at  cyanic  acid, 
2Cyn*N.(^H0,  is  pmloced  by  boiling  melam  nith  tiilut*  aulphuric  acid  or  potaah^ley, 
or  by  boiling  melamine  (cyacuramide)  with  dilute  nitric  acid.  It  is  precipitated  from 
its  aolutjons  by  ammonia  or  carbonate  of  potasaiura,  as  a  chrdky  white  powder.  It  is 
inaolnble  in  wat^r,  alcohol,  and  ether,  bnt  dissolves  in  caoatie  alkalis  and  in  moat 
anda.  Strong  ooids  and  alkalis  conTcrt  it,  first  into  aminplidp,  then  into  cyannric  acid. 
Whrn  heated  it  gives  off  ammonia  and  leares  mellone.  Fused  with  potash,  it  yields 
CTAoate  of  potSAtsiam  (p.  19^). 

Ammrline  is  a  weak  baw,  forming  crystalline  salts,  whicli  are  partially  decomposed 
by  water.  The  nitratr,  C'N*H*0.nNO*,  crystallisca  from  Bolntions  containing  a  slight 
exeeas  of  nitric  ftci<i  in  long  colourless  four-aided  prisma.  When  heated  in  the  dry 
st«t«,  it  gives  oflf  nitric  acid  and  nitiata  of  ammonia  — or  the  products  of  its  decom- 
position, nitmus  oxide  and  water — and  learea  melanarentc  acid: 

CN'H'O.KNO*  «=  C^'H'O*  +  IPO  +  E»0. 

Ilie  argtnio-nitrate^  CN*H*O.AgNO*,  obtained  by  mixing  a  solntion  of  nitrate  of  am- 
mdllne  irith  nitrate  of  silTer,  is  a  white  crystalline  precipitata. 

Metanurenic  acid,  C*N*H'0'  =  CyffW.2CyH0.  (liebig  and  Tffohler,  Ann. 
Ch.  Plmrm.  liv.  371.— Om.  ix,  470.) — This  body  remains,  together  with  cyanuric  acid, 
when  urea  is  subjected  to  a  continuous  but  moderate  heat  On  dissolTuig  out  the 
cyannric  acid  with  water,  the  mclanarenic  ucid  remains  as  a  white  chalky  powder,  in- 
soluble in  water,  soluble  in  acids  and  alkalis,  and  predpitable  therefrom  by  Deatraliflft- 
tion.  When  heated,  it  yields  ammonia  and  mellone;  and  when  boiled  with  adda  or 
alkalia,  it  givea  np  ammonia  and  is  conrerted  into  cyannric  acid. 

Ammtlide,  CWH»0«  =  3(CyH»N.CyH0)  -  ^|^.    (Liobig.  Ann,  Pharm.  x. 

JO;  Mil.  249.  Knapp,  ibid.  liii.  244.  Laurent  and  Oerhardt,  Ana.  Ch.  Phys. 
[3]  xix.  94.) — This  body,  discovered  by  Liebig  in  1834.  stands,  according  to  the  above 
formula,  intermediate  between  ammeline  and  melanurenic  ncid,  just  as  ammeline  doea 
between  mclamine  (cyanursmide)  and  melnnurenic  acid,  and  as  melanttrenic  acid  don 
between  ammeline  and  cjanuric  acid  (see  table  above).  Gerh  ardt,  how<>ver  ( TVaiU, 
!▼.  888),  regilda  it  identical  with  melanurenic  acid.  It  is  obtaiocd  br  dissolving  mekm, 
melamine,  or  ammeline  in  nitric,  or  better,  in  strong  sulphuric  scia,  and  precipitating 
with  alcohol  or  carbonate  of  potassium.  It  is  a  white  powder,  insoluble  in  water, 
soluble  in  acids,  but  does  not  form  definite  salts.  It  dissolves  eauily  in  dilute  potash, 
and  in  boiling  aqueous  ammonia ;  and  when  the  latter  solution,  freed  from  excess  of 
ammonia  by  heat,  is  mixed  with  nitrate  of  silver,  a  precipitate  oiammelidaU  of  silver 
u  formed,  consisting  of  CN'H'AgC. 

A  aoltttion  of  this  salt  in  strong  nitric  add  dcpo!<its  colourless  lamins  or  tables  of 
grmntonitrait  of  amnulidf,  C*N*H'0'.AgNC>'.  The  sumo  compound  is  obtained  on 
mixing  a  cold  saturated  solution  of  ammelide  in  nitric  acid  with  a  solution  of  nitrate 
of  sflver  not  containing  ammonia.  The  crystals  treated  with  water  dissolve,  for  the 
most  part  leaving  white  flakes  of  ammelide.  Hea(ed  in  a  tube,  it  first  gives  off 
nitrons  vapours,  then  cyanic  acid,  and  leaves  metallic  silver. 

Ammelide  boiled  for  some  time  with  acids  or  alkalis  is  converted  into  cyannric  add, 
and  when  fnsed  with  potash,  yields  cyanate  of  potassium. 

CTAVrntAasmv.  Trieyano-triamide,  Meiamine,  C»H«N«  -  ^I^T*-  (I-io- 
big.  Aim.  Ch.  Fhurm.  x.  18;  xxrl  187.)— This  compound,  polymeric  with  I'yanHmidi^ 


^8 
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ia  obtiiiiipd  by  heat inp  the  Utter  to  150»  C.  or  by  boiling  mplnm  (OJT'X")  with  poTiA 
Mud  slowly  evaporating  the  solution.  It  crystaliiHes  in  brjie  rhombic  octiihedfona, 
having  a  ntrong  lustn?,  permiuient  in  the  air,  slightly  soluble  in  cold  wat«r,  mors 
»olablo  in  boiling  water,  insoluble  in  alcohol  and  ether;  boiling  pota^h-W  dissolrt* 
them  more  readily  than  water.  When  strongly  heated,  thpy  melt,  pre  off  Hmmoniii, 
«nd  leftvo  an  oningo-ycllow  reaidne  of  hydromelloue,  which  ts  further  dccomposw^ 
at  a  higher  temperature.  Cy  'iiuramide,  fiise'd  with  hydrntf  of  p^tOBmitm,  jwkb 
cyanato  or  mellonide  of  pota^ium,  occcordlng  to  the  proportions  usvd : 

C»H"X«  +  3KH0  -  3CNK0  +  3Nm 

Cy<itiatt>  u( 
pnUMium. 

3C»n«N*  +  3KH0  -  C*N'*K«  +  6NH»  +  3H«0, 

Mellonide  of 
l»>U*iitira. 

When  fosod  with  potassium,  it  glows,  pivn«  off  ammonia,  and  yield*  mellonide  of  polat- 
Biuni.  Strong  acids  transform  c^'aniimmiile  »ucL«iaiTcly  into  aoimebne,  ammelid«, 
mftlaniirenic  acid,  and  cyanurie  ac.d.  eiifh  of  tlieae  compounds  being  deriv«fd  from  Um 
preceding  by  the  addition  ofIi-0  and  elimination  of  NH*  (p,  286), 


C»N1I«  +  WO  - 

Cyan  lira, 
midc 

-  NH* 

=  C'N*H*0, 

Aumellne. 

2C*N*IP0  +  n-0  - 

Aminvllnp. 

-  NH» 

Amtnvlide, 

C*N''H''0'  +  E^O  - 

AmmeililF. 

-  NH* 

-  2C*N'H"0» 

Melaniiirenic 
acid. 

acid. 

-  NH« 

C^nuric 

ryantLmmide,  or  raelamine,  is  a  base  which  nnit^  easily  with  noida,  forming  well 
defined  salts  which  hare  an  acid  reaction.  1\m  aqueoos  solution  precipitHtes  tha  salt* 
of  mangusese,  iron,  zinc,  and  copper. 

Acfiate  of  ntrlamim^  is  very  aoluble  in  wat^^r^  and  crystallisea  in  large  rectangidar 
Hexible  tables.     The  formair  forms  very  soluble  Inminre.     The  niirntr^  CH*N*.HNl>*. 
^'rystuUises  in  long  ailkr  laminre.  which  are  permanent  in  the  air  and  may  be  n*ofy«btl 
liBod  without  dtcompontion.   An  tirgnttanitraU;  C'H*N*.AgNO',  is  produced  on  addinji 
H  hot  solution  of  melamine  to  uitnite  of  silver,  as  a  white  crysUdline  precipitate,  wh ' 
iacreaaes  on  cooling,   and    may  be  reciystalliaed   witliout  alteration.     The  ojaU 
CH\C'H»N*)'0*,  ia  less  soluble  in  water  than  the   nitrate.     The  2^hospAa(v  tot 
■lender  needles  very  aoluble  in  boiling  wuter.     The  sulphate  ia  a  crystullin*  preeipitato 
obtjiinMl  by  adding  sulphnrie  acid  to  a  aolution  of  naekmine.     It  ia  aligbtly  soluble  in 
cold  water,  more  soluble  in  boiling  water,  and  cryatallises  on  cooling  in  short  red 
xiMilles.  ^ 

CTAVrraXC  ACI1».  C»H»N»0»  -  ^^»W  -  ^^h'!^*'  Triearbont/l-tria. 
mide,  Ci/anurtnic  acid,  Pi/ro-urio  acid.  (Scheele,  Opusctda,  ii.  177.  Serullas, 
AniLCh.  Phys.  [2]  rariu.  379.  Wohler,  Pf»gg.  Ann.  xv.  622;  Ann.  Ch.  I^ami. 
IxiL  241.  Liebvg  and  Wohler,  Po^.  Ann.  xx.  309;  ixiv.  60S,  603.  Liebig, 
Ann.  Ch.  Pharm.  xxvi.  121,  125.  Wurtz,  iifid.  \xW.  807.  Be  Vry,  ilnd.  \xL  US. 
Limpricht,  ibid.lxjdr.  208.) 

TkiB  acid  was  discovered  by  Scheele,  who  obtained  it  a«  a  sublimate  by  the  dry  dis- 
tillation of  Tuic  acid,  and  regarded  it  as  similar  to  suocinie  acid  Serullas,  in  1828, 
by  decomposing  solid  chloride  of  cyanogen  with  water,  obtainpd  an  acid  which  he  re- 
garded as  C*yiIO\  find  named  cyanic  acid  (p.  2S6)r  and  Wohler,  in  1829,  «how«i 
that  this  acid  was  idonticid  with  pjro-uric  acid,  and  was  also  obtained  as  a  residue  by 
bftiting  urea.  Subsequently,  Liebig  and  Wohler,  in  1830,  di*covered  the  true  compo- 
eition  of  the  acid  and  many  of  ite  chemical  relationa. 

Cyanurie  acid  is  also  produced :  a.  By  heating  urea  to  a  certain  paint  (Wohler, 
Gm.  Tii  366).— i.  In  tlio  decomposition  of  urea  by  hydrochloric  acid  (De  Vry),  or  by 
chlorine  (Wurts). — c.  By  boilinj:  melamine  with  nitric  acid,  or  cyanybc  acid  with  »al- 
plmric  acid  (Liebig).--</,  By  boiling  1  pt.  of  ammelide  for  six  hours  with  50  pts. 
of  wati'.r  ;md  a  quantity  of  phosphoric,  sulphuric,  or  nitric  acid,  about  sufBcieat  to  »iis- 
snjve  the  ammcbde,  the  ebtillitton  being  continued  till  the  liquid  is  no  longer  prvripi- 
tated  by  «mmoni.i. — <■.  By  boilinp  I  pt.  of  umnielido  for  an  hour  wjtli  10  pts.  of  dilute 
p<ifaiih  (Kn;ipp,  Ann.  L'h,  rharin.  xxi.  2^6). — /.  By  the  action  of  aqueous  hyjK>- 
chlorousHcid  on  hydroeyimif  nrid.     (Balard.) 

PnpariUion.  —  1.  Dry  chlorine  gas  ia  piisi»rHl  into  melting  urea,  whcroupon  the  xas&m 
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nrxib  op  •trongW.  gives  off  wlitt«  fomea  of  BAl-ummotiiiie,  togetlier  with  nitrogrn  and 
W/drochlorie  mcid,  and  is  converted  iuto  cjauuric  acid.     (WurtE.) 

aCH'NK)  +  Cl»  -  N  +  Ha  +  2NH*C1  +  C'N'H'O*. 

2.  Um  is  heAt«>d  till  it  ceasea  to  give  off  ammonia,  the  residue  ia  dissolred  in 
boiling  wmt«r,  and  the  fiitrute  is  left  to  crvRtHllitte  by  coolinf  (Wcihler).  Aa  the  orea- 
reaidne  may  etiU  contain  ammonia  und  atill  tothibit  colour,  it  muat  be  diasolved  in  hot 
nilpharic  arid,  nitric  arid  dropped  into  the  *oliition  till  oil  effervewvnre  ceases  and 
the  aolotion  ia  decolorined,  and  aiter  cooling,  the  cyaniuic  acid  precipitated  from 
it  by  water ;  it  is  then  obtained  aa  a  snow-white  crystalline  powder ;  or  it  may  be  dis- 
•ol^  in  boiling  hydrochloric  add,  whieh  will  deposit  the  cyanoric  iwid  aa  it  coob ; 
or  the  polrerisra  residue  may  be  anspecdad  in  water,  and  chlonDe  paKsed  through  the 
liquid,  whereupon  the  residue  diBSoives,  forming  a  solution  which  deposits  cyanuric 
add  in  proportion  as  the  chlorine  escapes.     (Wo  hi  or  and  Licbig.) 

3.  Pulverised  urea  is  saturated  with  dry  hydrochloric  acid  gus;  the  compound  is 
heated  in  the  oil*batii  to  146**  C,  at  which  temtH-nitULre  it  begins  to  decompose,  then 
taken  out,  whereupon  xiolent  decomposition  tokca  place,  and  the  temperature  of  the 
maaa  rises  to  200*' ;  and  the  residue  is  dissoUed  in  hot  water,  which  on  oooling  deposits 
white  cyanuric  aad,  whilst  sal-ammoniac  remaina  in  the  solution.  If  the  mass  were 
left  in  the  oil-batli,  the  oompoand  C*N*H*0*  would  b«  obtained  instead  of  cyanuric 
acid.     (De  Vry.) 

4.  Solid  chloride  of  cyanogen  is  boiled  with  a  large  quantity  of  water  in  a  flask  pro- 
vided with  a  long  neck,  thai  which  sublimes  in  the  neckboiag  continually  return*^]  to  tlio 
liquid  by  agitation,  till  the  odour  of  chloride  of  cyanogen  is  no  longer  perceptible.  Tlie 
liquid  is  then  plaeed  in  a  basin  and  evaporated  nearly  to  dryness  at  a  gentle  heal,  the 
greater  part  of  the  hydrochloric  arid  escaping ;  the  cryatalliaed  cyanuric  acid  is  washed 
on  a  filter  with  smnli  quantities  of  cold  water  till  the  water  gives,  with  nitrate  of  silver, 
only  a  slight  precioitate  which  dissolvi^  in  nitric  acid;  the  acid  is  tiien  diNsolved  in 
boiling  water,  and  the  filtrate  evaporated  to  a  ct^rtaitt  point,  and  left  to  crystallise. 
(Serullas.) 

l^roprrtie*. — Cyanuric  add  cryBtaliisea  from  water  in  eolourksa  ol.lique  rhombic 
prisms  containing  2  at.  water  of  crj-Btallisation :  C'N*H*0*-»'  2H'0.  The  ti  nest  crystals 
are  obtained  by  aaturating  a  solution  at  the  boiling  heat,  evapomtiug  itut  60° — 80"  C, 
and  leaving  it  to  cool  slowly.  According  to  Keferstein  (Pogg.  Ann  xcix.  276) and 
8chabn8  {Bfxtimmuitff,  p.  142),  the  ciystals  are  monoclinic,  exhibiting  the  facfn 
»P  .  cePao  .  oP  .  -P«  .  -^00 .  Ratio  of  axes  a:  h:  c  ^  0-6728  :  0-752B  :  1,  In- 
rlinatfon  of  t»P  ;  ooP  in  the  cluiodiagonal  principal  section  =76"^  48'  (77"  13'  Kefer- 
stein); oP  t  ooP  ==  99'  59';  oP  :  -Poo  -  137»  3';  oP :  -^Pao  -  151°  42'.  ant- 
Ytge  very  distinct  parallel  to  —Poo  ;  less  distinct  pvaUel  to  oP. 

The  crysLnls,  ejcpcfsed  to  dry  air  or  gently  heated,  give  off  their  water  of  cryst^illisa- 
tioD,  amounting  to  21-69  pt-r  cent.,  and  leave  onhydroua  cyanuric  acid  in  the  form  of 
■  whits  efflorescent  mass.  The  anhydrrius  iicid  likewise  sefMirattis  frum  a  hot  saturated 
solution  of  the  acid  in  nitric  or  hydrochloric  acid.  By  sublimation  it  is  obtained  in 
delicate  needles. 

Cyanuric  acid  is  inodomus,  has  a  slightly  acid  taste,  and  reddens  litmus  faintly. 
It  is  not  poisonous.  It  is  but  slightly  wluble  in  cnld  vHttft  (in  40  pt».  according  to 
Chevallier  and  Lasaaigne^  dissolves  in  24  pts.  of  boiling  water,  and  is  insoluble 
in  aloohoL 

Deciimpontiont. — 1.  Cyanuric  acid  when  heated  alone  is  converted  into  cyanic  add 
(C*N»H»0'  -  3CNH0),  part  of  the  latter  being  at  the  same  time  converted  into  cya- 
inelide  (p.  186)  which  sublimes  (Liebigand  Wwhler).  When  mixed  with  nitrate 
of  ammonia,  it  undergoes  this  change  at  a  lower  temperature  than  when  heated  alone 
(Pelonxe,  Ann.  Ch.  Phys.  [3]  vi.  fi9). — 2.  By  proloiiped  kjiliup  with  nitric  orht/dro- 
t-'JUi/rie  add,  it  is  re.«olv(-d  into  ammonia  and  carbonic  atvid  (Licbig). — 3.  Heated 
with  six  times  ita  weight  of  veniachloridf  of  pko»pkonui,  it  yields  solid  chloride  of 
cvanogen  and  oxvchloride  of  phoaphoma  (Beilatein,  n,18I). — 4.  Heated  with  oflto*- 
a'ium,  it  yields  cyanide  and  hydrate  of  potassium,  C  N»fl»0»  +  K*  =  3CNK  +  3KH0. 
(Serullas.) 

CraxmrBteSi  Cyanuric  acid  is  tribasic,  being  the  analogue  of  solid  chloride  of 
cyanogen.  It  forma  neutral  saltt,  Cy*M*0',  of  whi<'h,  however,  only  the  lead  and 
silver  salts  have  been  o1itaine<l,  and  acid  aalt«  cootuiuing  2  at  and  1  at.  metal  in 
place  of  hydrogen,  via.  Cy»IfMH)»  and  Cy'H'MOV  All  the  cyanates  appear  to  bo 
rrvHtftUiaable,  even  thotte  which  are  oblaiaed  by  precipitation  appearing  ei^Btallino 
under  the  microscope.  They  are  decompoaed  by  liydrocihloric  and  nitric  add,  with 
e»-i.iararion  of  cyanuric  acid.  The  cyannrates  of  the  alkali-metaN  when  heated  give 
off  cvanic  acid,  cyanate  of  ammonium,  carbnnic  axihydi-ide^  and  ni'jogun,  and  leave  a 
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residue  of  cyanatc.  They  are  easUj  soluble  in  water ;  the  otiier  cyaiiurates  art  insolnbl^ 
or  Kparingljr  aolublp. 

CyanuraN  of  Ammonivin,  Cy*H*(NH*)0"  +  aq.  (dried  b  tb«k>).— "WTiit* 
ehining  prisms  which  effloreace  in  contact  with  tho  air>  and  give  off  ainiiicnia  when 
heated.     Tbej  are  but  slightly  Bolnble  in  water,  the  solution  smelling  of  axDiDoiria. 

Cffanurate  of  Barium.—The  monoftarj^tic  tafi.Cy'H*liAO*  +  2<w)., is  produced 
l>y  dropping  bai^-ta-watcr  into  a  boiling  Bolxition  of  the  arid  aa  long  as  the  reevlttng 
precipitute  rcdi^olyes.  The  salt,  whii-h  is  nearly  indolnble,  gradually  sepantea  in 
tmall  phining  prifimB.  It  begina  to  gir**  off  water  at  200°  C,  and  becomes  anhydioiu 
and  milk-white  at  280*>. 

The  dibarytic  taJt,  Cy*HBB"0*  +  aq.,  is  obtained,  on  pouring  a  hot  solution  at  the 
arid  into  an  excess  of  baryta-wuter,  an  n  pulverulent  precipitate  composed  of  micro- 
ecopic  cr}-ptab.  It  is  likewise  produced  on  mixing  a  boiling  solution  of  the  acid  with 
chloride  of  barium  and  adding  ammonia.  The  free  ucid  does  not  precipitate  either 
chloride  or  acetate  of  barium.  At  2(JCP  C.  it  begina  to  gire  off  water  of  ciystailiaabtm 
(amounting  to  6'3  per  cent),  and  at  a  higher  temperature,  gives  off  annnonia,  thm 
cyanic  acid,  and  learos  fiued  cyaaate  of  barium. 

Cyanurate  of  Calcium  cryBtAlliBea  in  nodules.  It  is  easily  soluble  in  water ; 
baa  a  sharp,  bitrer  taste ;  melts  at  a  gentle  heat,  and  solidifies  on  cooling  in  a  yellowiah 
waxy  maea.  It  contains  8*6  per  cent  lime.  (CbeTallier  and  Lassaigne;  Ann. 
Ch.Phy8.xiii.  166.) 

Cifanurctf  of  Copper, — A  definite  salt  appears  diflBcult  to  obtain. — «,  Recemtir 
precipitated  cnpric  hydrate  added  by  nmnll  portions  to  hot  aqueous  C)'anuric  acid  till 
Uie  liquid  is  saturated,  forms  a  clear  solution,  and,  on  cooling,  soon  yieldii  a  bluish- 
green  crystalline  [trecipitate,  which  aasumes  a  fine  blue  colour  at  100**  C,  and  at  2d0* 
gives  orf9  per  cent  water,  and  changes  to  pure  green  just  like  chromic  oxide ;  it  ap- 
pears to  be  a  ba^ic  salt  with  more  than  3  at.  copper. —  b.  Crystallised  cyanunte  of  am- 
monium diBsnlrrd  in  water,  fomiswith  cupric  sulphate  a  grecnlsb-blue  amorphous  pre- 
cipitate, which  when  heaf*?d  bccomea  crystalline  and  a.>'sTimep,  first,  &  blue,  theo  a 
green  colour;  it  in  free  from  ammonia,  but  containa  snlphime  acid  as  an  essential 
«^on«tituent.  The  liquid  filtered  fmm  this  precipitsto  dcpositu  oystallised  cyanuric 
acid, — c.  When  nqueons  solutions  of  cyanaric  acid  and  cupric  acetate  saturated  while 
hot^  are  boiled  together  for  some  time,  a  green  precipitate  is  formed  containing  acetic 
acid  in  combination.     (W  6  h  I  e  r.) 

Cffanurat^  of  (Juprammonium,  Cy*H(N'H"CuV'0' 4  «q.  —  A  solution  of  cyaourie 
arid  in  very  dilute  ammonia,  mixed  whDe  hot  with  a  sojntion  of  cnpric  nilpuata  is 
very  dilute  ammonia,  deposits,  on  cooling,  crystals  which  may  be  washed  wito  water, 
iniismuch  as  they  rlissolve  in  it  but  sparini^ly.  The  suit  forms  small  amethyet-col<nu*d 
crvBtals,  which,  when  examined  bj'  the  mieroscf»pe,  appear  to  be  four-sided  prisms,  with 
two  of  the  lateral  face*  bro«der  than  the  others,  and  bevelled  with  two  faceft.  It 
is  permanent  in  the  air,  b^ns  to  give  off  ftrnmonia  at  lOO*^  C.,  and  at  230°  assumes 
a  dnrk-olive  green  colour,  with  loss  of  14  85  per  cent  At  a  still  higher  temperature  it 
suddenly  becom™  yellow,  then  takes  fire,  and  jjlinimers  away  till  it  is  coDvertod  into 
cupric  oxide. 

If  in  the  prepanitien  of  this  salt,  tite  Hmmonia  is  not  used  in  too  great  excess,  and 
the  liquids  are  m\xM  at  thf  boiling  hent,  a  Wautiful  peachblossom-colonred  cryE^talliiif 
precipitate  is  fomntxl,  whiih  is  likewiHe  an  nmmonio-cnpric  salt.  It  dissolves  in  am- 
mnnio,  forming  an  asmre-blue  sohnioni  which  soon  begins  to  deposit  small  aystali 
having  a  smalt-blue  colnur.  but  chii Hiring  into  the  pp«ch-blo8som*coloored  salt  on  ex- 
ponnre  U>  the  air.  from  loss  of  ammonia. 

Ci/anurnfft  of  Cbp^er  and  Jmmouwm. — The  dark-green  salt  obtained,  as  above 
mentioned,  by  hfating  cynnurHte  of  eupmmmnnium  to  230°  C,  contains,  according  to 
Wohler,  Cy»Cu'(NH*)0*  +  ^aq.;  acctmiing  to  Gorhanll  and  Omelin,  Cy»€u*(NH«)0*. 
Wiedemann  (Pogjr.  Ann.  Iiiiv.  73),  by  adding  a  solution  of  cyanuric  acid  in  txam 
of  ammonia  to  an  ammoniHcal  Hulution  of  cupric  sulphate,  obtained  a  violet  precipi- 
tate of  the  salt,  Cy*H'Cu\Nll')-U\  insoluble  in  cold  water,  and  sparingly  soluble 
in  ammonia. 

Cynnuraie  of  Ethyl,    Si-e  Cyasvric  Ethkrs. 

Cifanurate  of  Lead,  Cy*Pb*0»  +  2aq .  is  produced  when  a  boiling  solution  of 
cyanuric  acid  is  mixed  with  a  hot  w>liiti.jn  uf  neutral,  or  better,  of  basic  acetata  of 
lead,  the  salt  then  sipHmiing  after  ft  few  seconds  in  the  form  of  a  pulveruloil  p»- 
cipititle,  It  is  also  produced  when  recently  precipitated  carbonate  of  lead  i«  bailed 
with  a  Iftige  expisis  uf  cyanuric  acid.  In  (tie  matK,  it  exhibits  a  pale  yellowish  coknr. 
Under  a  bti\»ng  mngnmer,  it  is  seea  to  conisist  of  Imnifparent  prisms  with  obliquelyfeet 
terminal  faces,  often  tinited  in  twins  or  in  fern-like  groups.    It  begins  to  give  off  water 
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at  Wfi  C. ;  bat  thr  lAJ«t  portJrin*  do  nnt  ffn  oft  till  t]w  sfJt  is  niaed  fo  i  hisber  tem* 
penitura,  at  vhirh  alfo  aminoiiiA  iK^tm  to  (Wptipe.  Wbon  itill  mon:  irtrongTy  heaitt<d^ 
It  lr«v«  pure  proloiid«  of  lead ;  when  lieuted  in  a  stream  of  hydrogea,  it  l(>ave« 
notellic  Irttd,  »  Uirge  qutmtitj  of  cjonide  of  «mmoaiam  being  formed  tit  tL«  luuue  tioic 
tagethmrith  urea.    (Wablor.) 

Cffannrates  of  Potatiium — The  ntrmopotasne  gaJt,  Qy*WKG*,  isobCuned  \*f 
mixing  a  boilinir  Hitiirat4>d  solution  of  cyariuric  add  with  a  quantity  of  potash  doK 
tufiici^Dt  for  coraplote  neutralisahoti ;  it  i^  then  depositiHl  in  shining  cubes.  Il  is  alao 
pivcipitdted  on  adding  acetic  or  nitric  acid  by  small  portions  to  a  vtrong  aqueous  solu> 
kioQ  of  cyao«t«  of  potaasinni.  CHmpbeil  (Ann.  Ch.  Ptirm.  rxviii.  62)  prepares  it  bj 
RMfltiog  fietToeTaoiae  of  potassium  in  tin  opon  vossci,  digMting  l\w  pn^duet  with  a  amaii 
ansDti^  of  water,  precipitating  tho  cold  solution  with  hydrochlorit*  acid,  and  crystal* 
hsing  the  precipitated  cyanuratf  from  boiling  water.  It  is  vpariogly  soluble  in  water, 
and  the  solution  has  an  acid  reactioti.  1  at  of  this  Rait  igiiitcfl  with  2  at  hydrate  of 
poUan&m,  yields  3  at.  cyanate:  Cy'H'KO*  +  2KH0  -  3CvK0  +  2U^0  (Liebig). 
The  crystals,  when  fused,  are  resolved,  without  black»^uinjf,  into  cyuuftt*  of  potssaiura 
and  cyanic  acid  THDour,  which  condenses  as  eyamelide:  Cj-'H'KO*  =■  CyKO  -f  2CyH0. 
(Liebigand  Wohler.) 

The  dipotaane  »alt,  Cy*HK*0*,  is  prpcipitated  on  ndding  nleohol  to  a  solution  of  tlie 
pfTSceding  salt  in  rau<<tic  potash.  It  crystslliiu^  in  white  nce<llf«:  its  solution  has  <iu 
acid  reaction,  and  decomposes  after  somn  time  into  potiLsh  and  monopotssaic  cyanurat**. 
Acetic  acid  added  to  the  Nolution  also  throws  down  the  monopr)tafl8ie  salt)  so  iikewine 
does  a  Btnall  ^uantit^  of  nitric  acid,  but  a  larger  qnaurity  precijtitates  eyaotirie  acid. 
The  dipotaasic  salt  is  decomposed  by  heut,  like  the  rooiio(totabi<i(>  ault,  into  cyamelida 
and  cyanate  of  potaMium:  CyHK*0*  -  2C}K0  +  CjHu.    (Liebig  und  Wuhler.) 

Cffanuratfs  of  Silver, — The  diarpentic  salt,  Cy*H;Vg*0*.  is  obtained; — 1.  By 
adding  recently  precipitated  carbotiitte  of  wikex  to  a  Unlinif  solution  of  c^nnuric  acid, 
ia  Bucn  proportion  as  not  to  mtumto  it  completolv.  —  2.  By  mixing  a  boiling  solution 
of  cyaooric  acid  with  acetate  of  sodium,  and  adding  this  mixture  ilrap  by  drop  to  a 
dilute  boiling  solution  of  nitrate  ofsilveT,  in  such  pro{»ortion  ua  to  leave  (be  latter  in 
exoesfl  — otherwise  the  precipitate  wilt  be  mixed  with  an  insoluble  double  cyanurate  of 
silrer  and  sodium.—  3.  By  adding  a  solution  of  c}ranurBte  of  aiamonium  drop  by  drop 
to  a  boiling  solution  of  nitrate  of  Htlver,  the  latter  being  kept  in  excess. —  4.  By  mixing 
a  hot  solution  of  a^rtate  of  flilver  wiih  a  boiJing  solution  of  cyanuric  acid.  This  last 
pcooess  yields  the  purest  pro<,lnct.  The  presence  of  free  acetic  nriJ  in  the  solution  of 
Um  silTcr-sait  doe*  not  iut«rfere  with  the  result,  as  (n^aanrate  of  silver  is  not  dectiiu- 
posed*  by  acetic  a<'id,  even  wbeu  eoticentnited ;  but  it  is  compli-ti'ly  decomposed  by 
dilute  nitric  add,  and  is  ooasequeatly  not  precipitutAxl  on  adding  cyanuric  acid  lo 
nitrate  of  silver. 

Diaxgentic  cyanurate  is  colourless,  crr^tnlline,  insoluble  in  wat^r,  and  blackens 
when  «xpo«e<l  to  light.  When  examined' by  the  microncope,  it  appt'tirs  to  L«  composed 
of  trassuurent  rhombohedrons.  At  201)'^  C,  it  neither  loses  wei-rht  nor  elmngea  coioar: 
at  a  higner  tempemture,  it  acquires  a  cinnamnn  colour,  but  does  not  diminish  in  iretght 
llj  mot*  than  a  few  thousandths.  At  a  still  stronger  heat,  it  eniits  a  strong  odour  of 
ejmiie  add,  acquires  a  deep  violet  colour,  and  finally  leaves  a  r«f«i  Jue  of  mftallic  silver. 
in  •&  ateospbere  of  hydrogen,  it  is  reduced  to  an  aiigentottj*  suit,  even  at  100*^  C.  It 
disaolres  in  nitric  acid,  but  is  decomposed  at  the  same  time,  yielding  free  cyanuric 
add.    (Wohler.) 

Ths  triarifrntic  salt,  Cy*Ag*0*,  is  obtained  by  adding  nitnit<»  of  silver  to  a  boiling 
solution  of  cyanuric  acid  in  exness  of  ammonia,  boiline  the  precipirate  witli  the  liquid 
for  a  quarter  of  an  hour,  then  filtpring,  and  washing  with  hot  WHt^-r.     (Liebig.) 

It  is  snow-white,  and  does  not  blackeni  when  exposed  to  light  ;  the  microscope  shows 
it  to  consist  of  small  privms.  It  is  insoluble  in  water,  very  slightly  f^oluble  in  dilut<^ 
nitric  add.  When  dried  at  10U°C.  it  retains  Ij  at.  water ( 2Cy«Ag^O«  ^  sq.),  whirli 
it  appears  to  retain  till  heated  to  300°  C.  The  anhydroim  halt  sbs^jrbs  wiifer  greedily 
from  the  air. 

According  to  Wohler,  the  salt  gives  off  ammonia  when  hent^^d,  partly  below  100**  C, 
but  the  greater  part  between  100^  and  300^  C. ;  n!so  when  djgpsfed  with  pofs-sh  ; 
hence  Wohler  snpposea  that  the  precipitated  snlt  consists  of  C^r*Ag*0». N  1I»  ■♦  i  aq. 
According  t^  Debus,  however,  potash  dues  not  eliminate  ammonia  firom  it,  except  at  a 
rery  high  tempfratured 

Cyauuratf  of  A rffrntommmhim,  Cy^H(NH^Ag)'0',  is  obtained  by  digesting  diar- 
gentic  cyaaurate  with  caustic  ammonia,  whereby  it  is  aUeri-d  in  appeanwwj,  but  does 

v2 


292 


CTANURIC   ETHERS. 


not  dissolve.  The  product  begina  to  gire  off  ummonia  at  60*  C,  uid  between  2<HP 
and  300°,  is  eompletely  reduced  to  diargentic  cyanunvte, 

Ct/anuraitt  of  Silvtr  and  Ammonium. — The  liquid  filtered  from  the  precffnt»t«  ol 
triiirgeotic  rvRnantte  obtained  as  aboTe,  dpposits,  on  cooling,  a  vbite  powder  consistiag 

of  Cy*     A  j^  [  0'  +  H-0,  which  may  be  washed  and  dried  at  the  temperature  of  the 

air.*  The  name  salt  is  obtained  by  boiling  together  the  Bolationa  of  nitrate  of  sOrer 
and  cyaiiurute  of  ammonium.  It  cryBtallifttti  in  reiy  olonder  microscopic  prisma.  It 
gives  off  ammonia  when  treated  with  potMsh,  alcia  when  heated  to  a  temperature  bekrw 
100°  C  Heiited  for  two  hann  to  aSO-"  C,  it  gives  off  ammonia  and  water,  a.Dd  leavM 
the  salt  Cy»[H'(NH*)Ag*]0*,  which,  at  a  stronger  heat,  BMnroea  a  violet  colour  lad 
ftimea  strongly.  Wohler  likcwiBo  obtiiined  another  Sidt,  which,  after  drying  vnr 
Rulphnric  aeid,  contained  41-4  p.  c.  silver.  It  was  soluble  in  hot  dilute  ammonia,  and 
■epiiratfld  therefWim  on  cooliiw. 

CvanuraUttf  SUmr  and  Lead,  Cy*Ag*Th''0*  +  2aq,— When  cyiuinrate  of  lead  ia  boil«d 
with  a  large  excess  of  nitrate  of  eilver,  till  its  appearance  is  quite  altered,  a  filtrate  is 
obt^dned,  ooniainiDg  a  large  proportion  of  lead,  the  double  salt  remaining  on  the  filter. 
The  latter,  after  drjring  at  100^  C,  yields,  when  reduced  by  hydrogen,  69*fi4  p.  c.  of 
an  alloy  consisting  of  45-94  p.  c  silver,  and  2370  lead.    (Wobfer) 

CS/anurate  of  Sihrr  and  Po/a««um.  —  DiATgentic  cyanurate  Iwiled  with  eanstie 
potash  is  not  decomposed,  but  takes  up  potassium,  forming  a  double  salt  which  melta 
and  decomposes  when  heated,  leaving  a  residue  of  cyunate  and  carbonate  of  potasaiiim, 
together  with  80  p.  c.  silver.  The  salt  Cy»A^KO*  should  leave  6fi  p.  t  silver:  ths 
product  probably  contained  nnaltered  diargentic  cyan  urate.     (W  6  h  le  r.) 

Cyanurate  of  Sodium. — Uncrystallisable,  very  soluble  in  water. 

Cyanurate  of  Urea  f — By  dissolving  cyaniiric  acid  in  a  boiling  aaturuted  aolotioa 
of  ureSf  and  cooling  the  liquid,  delicate  needles  are  obtained.  (Kodweiss,  Pog^ 
Ann.  xix.  11.) 

OTAinntXC  ETBBRS.  (Wnrtc,  Cbmpt.  rend.  zxvi.  368;  zxviL  341;  Ann. 
Ch.  Pliys.  [3]  ilii.  43;  I.  120.  Linipricht,  Ann.  Ck.  Phann,  Ixiiv.  208.  Limpiicht 
and  Habich,  Pjtd.  cv.  395.  Gerhardt*  Compt,  chim.  1850.  p.  301.) — Three  of  thoM 
compounds  are  known,  analogoua  in  composition  to  the  trimetallic  cjanuratea^  and  one 
analogous  to  the  dimetallic  cyanurAtes.  Tbejare  CTywtalliae  solids  which  distU  without 
decomposition,  and  react  with  alkalis  in  the  same  manner  as  the  cyanic  etbeni,  yielding 
an  alkaline  carbonate  and  aa  amine. 

CxAKCBATES  OF  Ethtl, — o.  Trtttkylic  Ctfanuraie.  Neutral  Cyetnurie etirr, 

CJPH'»0'  -  (cS*)*!*'''  "  5T^>%'-'"«^*^y^-'"«'«A  N>j[^2^,.— This  com- 
pound, discovered  by  Wurtz,  ia  obtained  by  distilling  a  mirture  of  ethylsulphate  and 
cyanate  or  eyanurute  of  potasBium ;  or  by  heating  cyanate  of  silver,  either  neutral  or 
acid,  mth  iodide  of  ethyl  to  120'^  C,  »nd  lastly,  by  molecular  tmnsformation  of  ths 
cyanate  in  contact  with  triethylphosphino.  (H  of  man  a,  Chem.  Soa  Qo.  J.  xiii. 
322.) 

Wben  •  mixture  of  e<]|ual  parts  of  ethylsulphate  of  potassiom  and  dipotassie 
eysnunite  (p.  291)  ia  heati>d  in  a  retort,  tryanurate  of  ethyl  distils  over,  together  with 
»LrtK)nat«of  ammonium,  ethylamine,  cyanide  of  ethyl,  and  other  secondary  products,  and 
condenses  in  the  neck  of  the  retort  and  in  the  receiver,  as  a  rrystalline  mass,  which 
may  be  purified  by  repeated  cryHfciliiHatioa  from  dilute  alcohol — On  distilling  the 
ethyLsulpnat©  with  cyanate  of  potast-Ium,  an  acrid  hquid  distillate  is  obtained,  conna^ 
ing  of  cyanurate  and  r-yanate  of  ethyl  (p.  195).  The  latter,  which  is  very  volatile,  aaay 
be  distilled  off  at  60°  C.,  and  the  crystalline  eyaDUWte  which  rpnmins  may  be  purified 
by  recrystalliBation  from  nlcohoL  This  process,  according  to  Wurbi,  is  easier  than  the 
former. 

Triethylic  cyanurate  ciystHllises  in  trimetric  combinations,  ooP  .  ooPoo  .  Fao.  In- 
clination of  wP  :  cop  ?=  128°  :  Poo  :  JPoo  ovtr  the  printipdl  axis  -  93'6°.  Ratio  of 
axes,  a:  b:  c  =.  0"4877  :  1  :  09407.  It  roelts  at  9S°  C.  to  a  colourless  liquid  heavier 
than  water,  Tolatilises  easily  with  rnpfuir  of  wtitor,  and  boils  without  decompositioo  at 
235"^  C.  Vapom>density.  obs.  =  7'4 ;  eaJc  (2  vol.)  =  7  37.  It.  is  abghtly  soluble  in 
rmtfr,  easily  in  aicoM  and  tthcr.  The  solutions  are  [wrfeclly  neutral.  From  the  cold 
alcoholic  solution,  it  is  pr«cipitAtedi  in  the  dqfstuUine  form  by  water. 

Triethylic  cyanorate  dissolvee  easily  and  without  decomp»6it ion  in  aeids,  eren  in  hot 
concentrated  nitric  acid.     It  ia  not  altered  by  beating  with  pentaebloride  of  ph(»> 

a  W8hl«r.  rcnnKar  rrintiHc  uid  ai  dihailc,  five  Tot  thli  talt  the  formula:  tJMO^fPMO*^ 
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phona.  tt  IB  dect^mpoMd  bv  boiling  with  clkalii,  the  uttirn»te  products  of  thit  reaction 
h0inf{  etIijiaiiujiA  and  a  carboast*)  of  tLe  albiU-ioetAl: 


Trtethylic  ti5dr«tf  of      CtftxtDate  of 

cjanurkte.  pouiitlum.         poUulucn. 


+   3 


(Tt") 


EthylamiDa. 


Intwmndtate  product  are,  howeTer.  fnrmtHl,  wliich  are  obtained  in  the  greateA  df>ere« 
of  parity  bj  beating  the  cjaaoric  ether  with  banrtii- water.  Carbonate)  of  barium  taen 
•eparatM,  and  on  rtimovinp  the  eaoew  of  baiTta  from  the  solution  by  means  of  carbonic 
aod,  thr>ro  rvmainei  u  liquid  sparingly  soluble  in  water,  easily  in  aloohol  and  ether,  and 
eompofltHl  of  C*H"N»0-.     (Lioipricht  and  Habich.) 

C*U'»N*0»  +  2BaH0  -  Ba»CO»  +  C»II"N'0«. 

This  body  hpated  to  170°— 200*' C.  i«  resolved  into  cyanate  of  ethyl  and  diethyl 
earbamide,  the  latter  distilling  over  at  250<*. 

CH"W»0*  -  C»H'NO  +  C*H"N»0. 

I  CyanAte  at  Ulethfl- 

I  ctbjl.  e>Tl)«iDld«. 

Cryaoonte  (and  aometimos  also  cvanatc,.  p.  186)  of  ethyU  heAt«d  with  djT  rthtflnU 
of  aodhtm,  yields,  together  with  ethyleue,  a  distillate  containing  alcohol  ethyiaiuine, 
and  hydrate  of  triethyl-carbotriamine,  C'H"N'0  -  N'[C'MC*H»)».H'].HK) 
(Hoffmann,  Compt  rend.  liL  1290).  The  formatioa  of  this  compoond  may  berepre* 
•eoted  by  the  equation, 

C»H»N*0»  +  4{(7H»Na.O)  -  2NaHX>'  +  4C^*  +  Qm«TPO. 
The  formation  of  limpricht'a  compoond,  C*H'*N*0*,  of  hydrate  of  triethylcarbotriamine, 
and  of  ethylaxnine  (3  at.)  from  triethylic  cyanurute,  may  be  suppoeed  to  t;dio  place  by 
the  BucceasiTe  aahtraction  of  CO*  and  addition  of  H-O. 

THracUoro-trUtht/lic  Cyanuratf,  C"H"C1*N*0*,  is  produced,  with  elimination  of 
hydmehlorie  acid,  when  tri«>tlijUc  cyjinur«t#  i«  heated  to  160°  C.  in  dry  chlorine  gas. 
It  is  a  bard  solid  body,  perfectly  trntiaparent  but  rarely  crystalliu© ;  melts  to  a  mobile 
liqTiid  when  heated ;  and  may  be  distilled  without  deoom  posit  ion.  Its  alcoholic  solu- 
tion mixed  with  alcoholic  potash,  even  in  the  cold,  yields  chloride  and  mrbonafe  of 
Etaraiara.  together  with  (he  com[iound  C"H"Cl*NH)',  which,  when  the  excess  of  aloohol 
s  been  remoTod  by  evaporation,  remains  as  a  viscid  mass.  (Limprieht  and 
HabicL) 

Dittk^lie    Cyanurate^    Diethylcyanurie    acid,  Cyanuric    ether^    C'H"N*0»  - 

H  f d*ffV* [  ^  •  '^*"  -Wf^^^'-'warftOTi^-Zriamiie  —  g  (C'H'P  [  ^'  — ^^  compound  i» 
obtained,  together  with  the  preceding,  by  distilling  a  mixture  of  cyanurale  and  ethyl- 
■nlphata  of  potassiam.  It  paswea  over  when  the  heat  is  raised,  towards  the  end  of  tl)« 
distillation,  and  rematni>  in  the  mother-liquor  after  the  trietliy lie  cynnuntte  has  ci^stid- 
lised  out ;  but  on  erapomting  this  mother-liquor  to  dryneii!«,  boiling  the  residue  witJi 
baiyta-watcr  as  long  as  volatile  bases  are  girera  off,  remoTing  ihe  baryta  with  sul- 
phnric  acid,  and  leaving  the  filtrate  to  evaporate,  the  diethylic  cyanorate  separates  in 
crystals  (Limpricht). — ^Wurt*  obtained  this  eompoond  in  the  preparation  of  diethyl- 
cariMunide. 

Diethylie  CTanumte  cryBtAlHses  from  alcohol  in  rhombohedrons.  or  in  six-sided 
pviams  with  rhorotmhetfral  (■ninmits.  It  melts  at  173^  C,  and  vo]atiliM«  without  dv- 
compoeition  at  hiehpr  temperatures.  It  is  easily  soluble  in  alcoM,  rthfr,  and  hot  water, 
the  aqueous  soJution  hiiring  an  acid  reacti<in.  It  dissolves  readily  also  in  alkalU,  but 
does  not  form  definite  salts  Arith  them.  It  does  not  alter  in  weight  when  immersed 
either  in  ammonia  or  in  hydroehlfme  acid  ^ns.  When  heated  with  potojfh,  it  gives  off 
ethylamioo  and  ammonia.  Baryta-water  decomposes  it  in  like  manner  at  a  tempt?rHturo 
•hove  \W  C. 

Diethylei/anuratt  of  Silver,  C'H'*AgN*0*,  is  prwipitwted  in  white  needles  on  mixing 
an  ammoniacal  solution  of  the  acid  with  nitrate  of  fiilver.  J>uthyi-<syiinuratrt  of  mer- 
eurofum,  eupricum,  and  lead,  are  obtained  in  like  mjiknner.  The  Iftad-salt  distilled  with 
ethylsnlphato  of  potassium,  yield*  triethylic  cyanumle.    {Limpricht  and  Habich.) 

Ctawdbati  or  Mbthtl,  C'N^'O*-,^^!  ,[o\or3>iW%/-irT«irAOTiyirianMrf^ 
(CH»^»i^'    ^'^P*^  ^*  triothylic  cyanunite,  by  distilling  methyl-smlphate  of 
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potiiHsiatn  with  cynntirato  or  ej*iuA«  nf  potassium,  and  ptirified  bj  cTTHtallimtioD  froia 
alcohoL  It  u  likewise  formeil  by  moWulur  traasfomifttioii  of  methjrlic  cjnnat^  wLen 
kept  in  waled  tubes.  It  forms  6miill,  colourless,  opaque  priamB,  which  nif  It  at  175*— 
176'^  C,  Hnri  toil  at  274'^  (higher  than  the  ethyl-compoundV  It  is  iiwoluble  in  cold 
water,  slightly  noluble  in  hot  water,  easily  in  alcohol.  ATapour-deusity  (obg,i  a  6-08 
(caL  2  vol.  =  5  94),— Boilcni  with^tosA,  it  yitlda  mcthylumine.     (.Wurtx.) 

Ctascratb  op  PHHNTt.,  C-'H'»>''0"  -  Cy»(C»H»)»0«.  Produced  by  mole«Bl« 
Irangfonnntif^n  of  the  cyanate  (p.  1971,  in  contact  with  tricthylphosphiiie.  The  n»ijt- 
tore  on  <'of>]]ne  Bolidifies  to  a  niasa  of  sbininp  rrj-stda,  which  arc  insolnble  in  water, 
nearly  insoluble  in  ether,  and  diswilre  with  difficulty  in  alcohol,  eTen  at  the  boiling 
beat,     (Ilofmann,  Chera.  Soc,  Qa.  J.  xiiL  32*2.) 

OTAJroJtXV.  This  Duine  is  appU&d  to  a  patboloigical  hluo  deposit,  sometiiiMi 
found  in  urinp  ((/.  f.) 

OTAVTZ*.     This  name  ia  applied  by  Boutin  (Compt.  rend,  X.  452;  xi.  8201  to  « 

product  which  be  fibtnin»Kj,  together  with  aioetic,  chrjsammic,  and  pici-ic  acida.  by 
oxidising  alnet*  with  nitric  acid.  He  dtsscribes  it  as  a  coiourleMi  liquid,  amelliDg  hko 
pmwie  seid,  insclnblfl  in  water,  hearier  than  water,  distilling  without  dt>coaipoaitiun 
at  a  high  tenifKTiiture,  and  very  poiaonons, 

CTAWTZiZC  Acm.  C*N"H»0'.  (Lie big.  Ann,  Ch.  Pharm.  x.  32.)  An  arid 
isomeric  with  cyanuric  acid.  It  ia  obtained  by  dissolving  mellone  in  boiling  nitric 
iieid,  either  dilute  or  conct»ntrated,  leaving  the  (<olutiou  to  cool  till  it  cr>'Bt4illij»es,  free- 
ing the  cryatals  from  nitric  acid  by  cold  water,  and  then  rocryatullising  from  hot  water, 
Cyanuri*;  acid  i*  often  mixed  with  the  product,  but  always  crystalliaea  out  first. 

The  aoiil  eryatalliies  in  enmbination  with  water,  in  long,  traiLBpareut,  colourle*.'*, 
rhombic  prisma,  or  in  brond  laminoi  h&inQg  a  pearly  lustre. 

The  orysUiIa  etlloresc^  when  exposed  to  the  air.  The  acid,  like  oyannric  add.  Tola- 
tlllMein  the  form  nf  cyanic  acid  when  heated,  —  By  solution  in  strong  aulphuric  ik'h\, 
and  precipitation  by  wjiter,  it  ia  conwrtt-d  into  eyanurio  acid,  and  no  longer  exhibit* 
the  pearly  lustre  abote  mentinne'l,  after  cryH(ftlli»atiooi  from  water.  It  diasolvet  ia 
v^ter  somewhat  more  readily  than  cjaiiuric  ncid ;  and  tlie  hot  satoratdd  aqueou*  m>* 
lotion  solidifies  almost  wholly  in  a  lamioatid  muss  on  cooling. 

All  the  CiiantflaUa,  e.  g.  thoae  of  the  fixed  alkali-metala  and  alkaline-earth-metaU, 
are  completely  decomposed  by  tfie  stron^or  acida,  so  that  aa  the  li<xuid  c(h>1s,  ths 
cyanylifl  acid  crystallisea  out  in  the  free  atute. 

Cyanylie  acid  neutralised  with  ammonia,  forms  with  nitrate  of  silrer  a  while, 
tumefied  procinitate,  which  after  drying  i«  pulverulent,  amorphous,  and  eontainii  452fi 
per  cent,  of  silver;  but  the  precipitate  obtained  with  cyanykte  of  pota8«»ium  has  tbt 
eomposirioD  of  cnrantirate  of  silver,  {irobably  because  the  potash  converts  the  cyanylic 
acid  into  cyanunc. 

CTOUlMCW  ETntOFJEVM.  Smn-hrraiJ . — A  small  plant  of  the  primulaceoii* 
order,  forming  flat  round  luljcrs,  which,  in  addition  to  the  ordinary  constituents  <if 
plants,  contain,  according  to  Saladin,  arthanitiu  (i.  412),  according  to  De  Lnrji, 
rye  lam  in  and  mnnnite.  The  juice  of  the  tubere  is  harmlcsa  to  most  aainiiU. 
thongh  Bmall  flahoB  die  when  immersed  in  water  containing  only  jj^  to  j^  of  it ;  but 
when  intpoduoed  into  the  blood  it  acta  as  a  powerfid  poison,  like  corara,  only  not  » 
strongly  (Bernard);  bromine  is  found  to  be  an  antidote  to  it,  as  well  aa  to  cnrariL 

CTO^AMIir.  A  non-azotieed  glucoeide,  eitracted  from  the  tubers  of  ^cUtmn 
ruruffmiim,  aud  oouHtihiting  the  poiiionous  prinriplc  of  that  plant.  Saladin  (J,  Chim- 
m«].  vi.  417)  obtained  from  Uadicfs  arthanitcp,  the  officinal  roots  of  Cycfamm  tun- 
fxtum,  an  iinpur«>  substance  call*)d  arlhanitin  or  cydainin  (i.  412),  but  the  substanes 
to  which  the  latter  name  is  now  applied  was  finrt  prepared  bv  Da  Luca  (Cimtnta 
nuuff,  V.  225  ;  viii.  182)  and  Murtius  (Buchner's  N.  Ref»ert.  [16119]  viii.  388). 

Prtparation, — The  tubers,  cleuusod  and  cut  in  pieces,  are  macerated  for  ahont  fix 
weeks  with  rather  hns  than  their  own  weight  of  rectified  spirit,  in  the  dark  and  in  » 
oool  place,  then  prewied ;  the  reHidne  aguin  treated  for  al«->at  a  month  with  a  somi- 
what  Bmaller  qnantity  of  alpobol;  and  the  aecond  residue  again  submitted  to  the 
Bame  treatment.  On  filtering  off  the  alcoliolic  liquid,  a  gelatinous  substance  remains, 
which  ie  to  bo  evaporuted  over  the  wattr-bath  in  the  dark,  and  then  exhausted  with 
alcohol.  The  filtered  solution  left  to  evupor.ite  in  the  diLrk,  leaves  cyclamin  in  tmidl 
aniorphouM  lumps,  which  may  be  washed  with  cold  alcohol  and  dissolved  in  boiling 
aleoliol ;  the  soiulion  on  cooling  deposits  eydamin. 

PrapertieM. — Cyolarain  i,«  a  white,  araorphnus.  neutral,  inodorous  substance,  prododng, 
after  a  ahort  time,  u  very  irritRting  flen«sation  in  the  throat.  It  turns  brown  when  ex- 
posed to  light,  3l;«orl)«  water  from  moi.<it  air  to  the  amount  of  about  half  its  weight, 
raid  swells  up.     Ia  contact  with  cold  water,  it  ifi  converted  into  a  tradlacest  glutinoas 
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■nTuhmfifL  which  diasolrM  elowlj,  forming  a  Uauid  which  has  a  ilight  optica]  l»vo- 
rotataigr power,  froih*  when  agitatnl,  aud  coapilatai  like  whit*  of  t^  at  6cy — 73"  C. ; 
tha  eoagohm  rediuolTM  when  left  for  aome  djija  in  the  cold,  and  u  reprodnced  on 
beatiiig. 

Th«  formula  of  cTclamin  it  not  yet  Axed.  I>«  Loea  deduoea  from  his  own  analjnii 
the  empirical  formula  aCH*0 ;  Martiua,  teom  Eliogei's  analyaia,  oilcuLst««  Uie  for 
aiala  <^li"0»*.» 

CAlcvliilmi. 


I 

I 


I 


Anklyiu. 


Carbon 

Hydrogen 

Oxygen 


C'H*0 

C*fl"0*» 

De  Luca. 

K  linger. 

64-6 

662 

646 

662 

91 

7-8 

SI 

78 

36-4 

37^ 

36-4 

37-0 

lOOa       1000 


1000       100-0 


Cydamin  dissoIrM  rmdily  in  aleohoi  at  a  gentle  heat,  and  e«pRnit««  again  in  the 
nmorphouH  atate  on  cootini;  or  eraporation ;  it  is  insoluble  in  wood-Bpirit>  glycerin, 
etiu'r,  chloroform,  sulphide  of  carlxin,  roUtile  oila,  and  aJkidis. 

A  eolutioo  of  cyclaniin  expoeed  to  lij^bt  in  a  sealed  tube,  deposite  a  white  amorphoua 
rabatanee,  which  rcdiiuiolree  at  a  moderate  h«at.  Moist  cydamin  produce*  a  large 
erop  nf  oyptogamouB  planta,  among  which  ia  a  new  alga,  Hygroerocia  Cyclaminm. 

The  aquf^tu  solution  of  cyclamin  ahenrbs  chlorine  and  bromint,  and  is  coaffalated 
thereby  without  colour  ;  neither  ia  it  coloured  by  iodine.  Hifdrockloric  acid  diMolre* 
it  in  the  cold,  and  coagulAtes  it  at  about  80^  C.  with  formation  of  sugar.  Strong  aid' 
pkurie  acid  formB  with  it  a  yellow  liquid,  which  turoi  violet  after  a  while,  and  yields 
a  white  precipitate  with  water.  Acetic  acid  disaokc*  it  in  the  cold,  and  does  not 
cnagnUte  it  wben  heated,  Ifiirie  acid  decomposea  it  in  the  cold,  and  more  quickly 
when  heated,  forming  acid  products  which  have  not  been  examined.  Fi»ed  with 
hifdrtUe  of  votaaeium,  it  givre  nff  hydrogen  and  forms  a  peculiar  sparingly  aoluble  acid, 
(^yclamin  aoea  not  reduce  an  alkaline  solution  oi  cttpric  tartrate.  It  doea  not  ferment 
with  ynwi.  SifnaptoMe  at  30°— 36°  C.  dscomposps  it,  forming  a  solution  which  oon- 
iHina  a  non-fermentable  sugar  (De  Luca).  According  to  Martina,  cyclamin  boiled 
with  dilute  adds  takes  up  water  and  is  converted  into  glucose  and  cyclamiretin,  a 
body  not  examined: 

C»H"0'»  +  2H*0  -  C*H»0*  +  C»«H«0«, 

CYCX  a  wfrai  liTor.    S4>e  abore. 

CTC&OPXTS.  A  felapathio  mineral,  diseoTcred  W  Waltershattsen  in  the  dole- 
rite  of  a  cyclopian  mck,  near  Catania.  It  forms  Tcry  small,  white,  tranalacent,  loKenge- 
ahaped  pnam<<i  b«>longing  to  the  trimetric  syrtem,  the  form  of  wbich  clc»e!y  rosemblea 
that  at  Anorthite  and  I^brador.    The  mean  of  two  analyses  gave : — 


8iO«      AI'0» 
41-40      2983 


Fe«0» 

2*20 


CaO 

2083 


MpO    Na'O 
065      232 


K'O     H*0 

171      1-91  -  100-90; 


Icadingtothe  fomiila  3(2M^n.SiO*)  +  2(2Al»0".3SiO')  or  3JifO.®|0*  +  %APO^.^CF) 
(Jahresber.  f  Chom.  1863.  p.  811).  If  in  the  first  formula  (i£»«Al»ai»0»*)  wc  sub- 
stitute oi  —  I  Al,  it  becomes  aM'ul^Si'O'-  wliich  ia  reducible  to  that  of  an  orthoeillcate, 
R*8iO\ 

CmCEVB  or  crrBCOL  C'**II>«  -  C'«1PML  Cymin,  Camphogm,  Hydride  of 
C^fnyl  or  Thffm'jl. — A  hydrocarbon  discoTered  in  1840  by  Qerhardt  and  Cahoura 
{.A.nn.  Ch.  Phys.  |3]  i.  l02,  372;  Ann.  Ch.  Pharro,  xxiriiL  101,  345).  It  occurs, 
together  with  bydnde  of  cnmyl,  in  the  Tolutiie  oil  of  Roman  cumin,  obtained  from  Cumi- 
num,  Cyi»itiii«»(Gorhardt  and  Cahours) ;  in  the  seed  of  the  water- hemlock.  Cieuta 
•iirosa  (Trapp.  Ann.  Ch.  Pharm.  cviii,  386) ;  in  oil  of  thyme  (Lallomand.  Ann.  Ch. 
Pbys.  [8]  rill.  166) ;  and,  accoidiug  to  Haines  (Chem.  Soc  Qo.  J.  viii.  289).  in  the 
Tolatile  oil  of  PttfcKoti*  Jovian  \  according  to  Stenhonse,  howerer,  this  oil  contains^  not 
cymene,  but  a  campheoe,  C'H", 

/•brwahon,— 'By  the  dehydnttion  of  commnn  cnmphor  with  phowphorie  anhydride 
(Delalande,  Ann.  CL  Phya.  [3]  i.  308)  or  with  chloride  of  line  (Gerliardt): 


C»H'*0 

Camjafaor. 


r  C"H'*  +  H»0. 

Cfin«a«. 


>.  By  the  aetion  of  hydrate  of  potassium  on  eymylie  alcohol  (Eraut,  Diawrtatifm. 
mher  Cuminot  und  Cyrnen.  (Jottingen,  1864). —  3.  By  the  action  of  iodine  or  nitric  acid 
OD  ieormsced-<nl  (Hi reel,  Zeitsclir.  Phann.  1854,  pp.  23,  ST;  1866,  pp.  84,  181;  see 

•  lu  MATtiut'  paper  the  (urmulii  li  CU'^d'",  probabljr  *  ml*prlat« 
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nlao  Wobxsebd-oil).— 4.  By  the  dry  distillittion  of  coal,  pusing  otpt,  nartly  in  the 
lighter,  but  more  abaadantly  ia  the  htnry  oil  of  ccul-tar.  The  latter  yield*  it  bv  rec- 
tification between  170°  and  180<»  C.  (Maneficld,  Chem,  Soo.  Qn.  J.  i.  244).— 6.  By 
treating  caoutrhin  or  oU  of  turpentine  with  bromine  and  sodium  aJtemately  (Or. 
Williams,  Phil.  Mag.  [4]  mii,  16). —  6.  By  the  action  of  moiat  carbonioi  acidgn*  at 
A  red  heat  on  oil  of  turpentint,  an  oil  ia  prodnced  hariag  the  eompotilioo  of  cymaBA 
(Deville,  Ann.  Ch.  Phys.  [2]  Ixxv.  66): 


C'*n'«  +  C0«  =  C'*H'*  +  HK)  +  CO. 


m 


7.  Oii  of  wormwood  distilled  vith  phosphoric  anhydride  and  then  with  potaaaiam 
yields  iin  oil  isomeric,  if  not  identical,  with  cymt- ne. 

Preparation. — 1.  From  oil  of  Raman  cumin. — When  this  oil,  which  is  a  mixtore  of 
cymene  and  hydride  of  cumyl  (p.  182),  is  distilled,  the  cyniene  paaaes  over  first.  It 
cannot,  however,  1>p  obtained  quite  pure  by  simple  dtetUktion,  as  a  portion  of  the 
hyilride  of  cumyl  always  paAsna  over  with  it;  the  separation  may,  however,  he  effected 
by  rectifying  the  first  portions  of  the  distiilate  with  melting  potush,  which  takes  up 
the  hydride  of  cumyl,  converting  it  info  cuminateof  potaMsium,  and  allows  the  cymene 
to  puts  over  free  ^Noad,  Phil  Mag.  [3l  xxiii.  16),  A  better  mode  of  separation  ia 
to  ahake  np  the  oil  with  a  strong  solution  of  acid  sulphite  of  potassiura  or  sodiam, 
which  iinites  with  ttie  hydride  of  cnmyl,  forming  a  crystalline  compound  and  leaves 
the  eymene  free  (Kraut,  Bertagnini).  Noad  olitained  7  oz,  of  cynieue  from  1  lb. 
of  oil  of  cumin. — 2.  In  like  manner  cymene  may  be  obtained  from  the  oil  of  voter- 
htmhck  *fed,  by  sepaniting  tJie  bvtlriile  of  cumyl  by  meiuiB  of  acid  sulphite  of  sodiam, 
preasing  the  oily  residue,  and  distilling. —  3-  From  camphor,  it  ia  obtained  by  distillatioo 
with  phoflphoric  anhydride,  or  better,  with  fused  chloride  of  zinc.  A  few  pieces  of  this 
Bubstauce  are  placed  in  a  capacious  retort,  and  heatwl  till  tliey  melt  into  a  pasty  ma;^ 
The  cum  phor  is  then  added  by  amnl!  portions,  whereupon  the  mixture  Bwells  op  and 
bla<.-kenB,  and  a  liquid  passes  over  containing  a  conaidemble  quantity  of  camphor,  from 
which  it  may  be  freed  by  a  fresh  diKtillution  ovijr  chloride  of  zinc.  This  process  yieliis 
a  considerable  quantity  of  cymene  with  the  u»e  of  a  comparatively  small  quantity  of 
chloride  of  ziac. 

Prc>p<Tfic*.— Coloiirlesa  utrongly  refmcting  liquid,  having  a  very  ag^^eeablo  odour 
of  lemons;  that  which  is  prepartd  from  camphor  hits  a  lomewhat  camphorous  odonr. 
Bpecific  gravity  =  0  857  at  16^  C.  (Noad);  0*861  at  U«C.  (Gerhardt) ;  0-8678  at 
12  a,  and  0-877«  at  0<*C.  (Kopp).  It  boUa  at  17l-6"^  C.  (Xoad) ;  175°  C.  (Ger- 
hardt  and  Cahours)  ;  177  6*  C.  (Kopp).  Vapour-density  4-69  to  4-70  (Oorhardt 
and  Cahoura),  by  caJculatioD  (2  voL)  —  4'64.  It  w  penuanent  in  the  air,  insoluble 
in  wattr,  but  dissolves  readily  in  alcohol,  ether,  and  oiia,  both  fixed  and  volatile, 

DicompositiAtng.-  -\.  Cymene  ia  not  attacked  by  strong  tulphttric  add  in  the  cold, 
but  faming  sulphuric  acid  dissolves  it,  producing  cymyl-sulpburous  acid,  SO*.C'*H".IL 
— 2.  yitric  acid  of  ordinary  strength  dofts  not  attack  it  in  the  cold;  but  on  heating 
the  mixture,  red  vapoura  are  evolved,  and  the  cymene  is  ultimately  converted  into 
tcluylic,  and  ultimately  into  nitrotoluylic  acid.  With  fuming  nitric  Acid  the  action  ia 
very  violent,  and  ayellow  resin  is  formed  at  the  same  time  (Gerhardt  and  Cahours). 
Lf  the  nitric  acid  and  the  cymene  are  carefully  cooled  by  immersion  in  a  mixture  of 
ice  and  salt,  and  the  cold  cymene  is  then  added  by  drops  to  the  nitric  acid,  nitrocypune, 
C'*H'*(NO')  is  produced  (Barlow).*  A  mixture  of  sulphuric  and  nitric  acid  converts 
it  with  aid  of  heat,  into  dinitrooymene,  C'*H"(NO*)'  (Kraut,  Ann.  Ch.  Pharm.  xciL 
70). —  3.  Caustic  potash  has  no  action  on  cymene. — 4.  Ch/orine.  and  bromine  attack  it 
in  the  cold,  forming  chlorinated  and  bromijiated  eompomids  which  are  decomposed  hy 
distillation  (Qerhardt  and  Cahours.— 5.  Chromic  acid  convertA  it  into  inaoUuie 
■cid,  C»H»0*  (Hofmann,  Ann.  Ch.  Pharm.  xcvii  197): 

C'H"  +  0»  -  CH'O*  +  CO*  +  «H*0. 

Jkrioativa  of  Cymene, 

NrrEOCTMBire.  C'*H"N'0'.  When  crniene  cooled  by  a  freesing  mixture  is  emntioaslj 
dropped  into  nitric  acid  likewise  coolecf,  the  mixture  first  turns  brown,  then  green,  and 
at  length  acquires  the  consistence  of  cream  ;  and  by  washing  it  with  wat^^r,  and  after- 
wards with  dilute  carbonate  of  sodium,  nitiocymeiie  is  obtained  aa  a  reddish  •brown, 
oily  liquid,  heavier  than  water.     It  is  not  altered  by  contact  with  the  air,  but  when 

•  In  IbB  prirparaHrtn  of  (rmidDni*  Iw  the  nctloa  of  fMTfiiu  aceUte  on  nltroc]rTn>-ne  (p.  297), 
ffarlow  lUcwUe  olitained  »u  oillniolubTe  In  hfilrochloric  Hrid,andexh1i>ltlng,after  lerjeacccl  dUtlllat^on, 
tin)  c»reipo5UtoD  and  Ixillinif  )>oliit  {t7ii°)  of  r>nieni-.  Ii  diRVred  h^<we*i!r  irom  orciiii.ii;r  c>'iii>d«  m  ibtt 
retjiect,  lh*t  thl>  Hircwjiin  «»  (ibUiiie<t  Irom  It  by  t}i<>  wtlon  of  niiric  acid  floiKrd  on  watrr,  wbvrtM 
oidmarj  ijitrocj-tnene  i»  hi-avier  ihan  water.  For  thii  n-ajon  Barlow  iltftlngutthn  the  ryri)«oe  and 
nil  rocympne  thiu  obtained  ai  d-cjrmcne  and  a-nltroc]rm.eiM!.  KuitJier  laveaiifaUoa  la  howcrer  reaoirad 
ki  eavablub  lu^  dJ»tlDCtioa. 

\ 
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dintillHt  it  jii«]<b  an  oil  which  ftoAtd  on  waiter.     Bj  the  actioa  of  ferroas  amUU  it  le 
eon?ftrted  into  cvmidin*.     (BiirJuw,  Ann.  Ch.  Phami.  xrriii.  246.) 

DnRTBOCTMB.ML  C"U'\NO*>'.  WTu'D  pymene  is  additl  drop  by  drop  to  •  mixttiM 
of  t  pt8.  ttrong  Bulphuric  acid  und  1  pt.  fuinin)T  nitric  acid  hear<^  lo  iibout  5(t^  C,  aud 
water  added  {i/U*r  thf  mixture  has  l-eea  left  to  itaelf  for  an  hoiir  or  two,  u  liquid  is  dppooited 
which  iolidiiica after  a  while;  and  on  diifisolniig  this  product  in  boiling  alcohol,  the 
iiiiei7(<tolliattble  poitioii  ia  deposited  on  cooUng,  and  dinitrocymene  crystolliaea  oat  oa 
en^ontion.  It  1otm»  rhombic,  irideacent  tablets,  moltiiig  at  64°  C,  aoluble  io  alcohol 
and  «i(iier,  ini»oluhle  in  water.  From  aatarated  aolutioiu,  it  ia  deposited  aa  an  oil. 
When  beate<l  in  the  air,  it  decompose*  with  deflagration,  leaving  a  reaidue  of  charcoal. 
(Kraut,  Ann.  Ch.  Pharm.  icii   70.) 


I 


I 


U  mixird  with  water  and  bromine 
duct  ia  waahed  with  aoda-solution 
tnnaparent,  eotoarteaa,  oilj  liquid. 
It  tuna  yellow  by  koeping,  giving 
oat  decompositioa.  When  Iwiled  ' 
much  like  cymene;  perhaps  C"H' 


.  C'«H"Br*o*perhap«C'»H'«Br.HBr.  When  cymene 
till  t-he  colour  of  the  latter  disappeaJB,  and  the  pro- 
and  with  water,  bromide  of  cymene  ia  ol.taine<i,  aa  a 
inaolable  in  water,  and  but  slightly  Rotable  in  alcohol. 
:  off  bydrobpomic  add.  It  cannot  be  distilled  with* 
with  alcoholic  potaah,  ityielda  a  colourless  o'd,  very 
(S  i  eve  king,  Ann.  Co.  Pharm.  xcriiL  246.) 


CTMSmS,  CBX.OKXXia  or.    C*»H'*Cl*orp«rhapaC"H"CLHCL    Obtained  by 

Kiiiinj»  chlorine  pas  into  water  on  which  cymene  floats.  It  re«>mblps  the  bromide, 
ming  Bulphuric  acid  decompoaes  it,  with  evolution  of  hydrochloric  acid,  forming  a 
red'-brown  maaa,  which  when  dilated  with  water  forma  a  solution  of  cymyl-Bulphoroaa 
add.    (Sieveking, /oc.  cxI.) 

When  cymene  ia  repeatedly  dlatilled  in  dry  chlorine  gaa,  hydrochloric  acid  Is  evolred, 
and  an  oil  containing  10'7  p.  c.  chlorine  paasea  over  between  170°  and  2W  0, 
(Sieveking.) 

UBVttrwnntXC  ACX]>»    8yn.  with  CTiiTX/-5ui.FXimaius  Acm  (p.  298). 
Ldwig'fl  name  for  cymyl,  C"H". 

CTMZSZVB.  C'«U'»N  ^  C«H«»(NU*).— Barlow  (PliiL  Mag.  [4]  x,  164). 
Tliia  baii«,  i»umeric  with  moaocymvl&mine,  ia  obtained  by  di«tilUng  nttroc3rmene  with 
iron-fllinga  and  acetic  aoid,  th«  mixture  bcin^  made  up  to  a  stiff  pAate.  A  distillats 
of  complt<x  chiirncter  is  then  obtninud,  a  CDQsiderable  portion  of  which  ia  insoluble  in 
hydrochloric  acid,  i'rom  ihi^  portion  whioh  diaaolvea  in  that  acid,  aoda  throwa  down 
cyroidine,  which,  after  afritation  with  ethfr  and  evaporfttion  of  the  ethereal  aolu- 
Iton,  MvpHrutee  as  a  bnjwn  oil,  which  cann(>t  be  distilk'd  without  alteration,  exeept 
in  an  atmosphere  of  hydrogen.  Boiils  at  250°  C.  It  ia  aligbtly  wluble  in  ttutcr,  eaail j 
in  aieok'4  and  rther. 

Cymidine  is  violently  attacked  by  nt^rw;  aeid,  and  on  adding  aoda  to  the  liquid, 
A  aemi-aolid  subfitauee  ia  aefmrated.  Bromine  acts  but  slightly  on  cymidine,  iodine 
rn;  At  all.  Chloride  of  ctfanvgen  appears  tu  form  with  cymidine  a  base  corresponding 
to  melaniline.  Chloride  of  brruoyl  forms,  with  cymidine,  small  crjHtals  pnibably 
consisting  of  bcnzoyl-cyniidino. 

Hydnxklortite  of  Cymidine,  C'*H**N.HCI,  ia  formed  by  mixing  the  baae  with  strong 
hydrochlunc  acid,  as  an  oily  layer,  which  crystallises  on  agitAtion  or  evaporation. 
It  colours  di-al-shavinga  yellow,  bub  does  not  exhibit  any  poriicalAr  reaction  with 
hypochlorite  of  calcium.     Ita  solntion  colours  the  skin  red. 

Chloroptatinate  of  CymiJi^ie,  2(C»*E'*N.HCl).PtCl',  id  yellow,  aperingly  soluWe  in 
vator,  more  solubW  in  alcuhol,  and  still  morv  in  ether.  The  cA/oro-aura/^  is  yellow, 
eryatalline,  Kparingly  soluble  in  water.  The  nU^hate  and  oxalaU  qf  e^idine  ar« 
white,  crystalline,  soluble  in  water. 


Syn.  with  CntKitB. 

rzc  ACX9.    6yn.  vith  Cvmtnc  acm. 

CTBSO-O&TCOZi.    Syn.  with  Ctnio-OLTOou 

CTSCOXi.     Syn.  with  Cyhkxb. 

CmcOVHAJrS.     Syn.  with  CHBtsoniaith  (i.  058). 

CmST^.  C'"!!'*.  The  radicle  of  cymfoe,  cymylic  alcohol,  &{•.  The  cMoridt 
C'*H'*C1  is  produced  by  j^asciitg  hydrorhloric  arid  gns  into  cymylJc  alcohol  (Rossi), 
perhaps  also  by  the  action  of  chlorine  on  cymeoi' ;  t]|i'  bromide  also  by  the  action  td 
bromine  on  cymrne.     (Siovcking.) 
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CYlgYlAaKHrsS.  (Rossi,  Compt.  read.  li.  670.)  Aoimoiim-bases  cootainlfl^ 
1 ,  2,  or  3  at.  cymyi  in  place  of  hydrof^tfn ;  produced  by  the  action  of  ammouia  oB 
chloride  of  cytnjl ;  inonocymjlaniiDQ^  is  isomorie  with  cymidinfl. 

M  hen  a  mixture  of  chloride  of  cymjl  and  htrong  tilcoholir  ammonia  ia  heated  for 
Bome  hours  in  a  seali-d  lube  placed  ia  tlie  waler-baih  »nd  then  left  to  cool,  sal- 
amiimniuc  ecparates,  together  with  a  few  drops  of  oily  tTicjmylamioe.  The  liquid 
filtered  und  pvaporatcd  leuree  a  crystalline  residue  consisting  of  the  hydrocblomtea 
of  cymylamino  aud  dic^-mylamine,  mixed  with  oily  tricyniyhimina,  which  maj  Ue  di^ 
Bolvfd  uut  by  t'thor,  and  remains,  after  evaporation  of  the  elhir,  as  an  oil  which  may 
be  made  to  cryptallibe  by  agitation. — The  liydrochlorat^s  of  the  other  two  base*  on 
Beparatod  by  lr.irtiona.1  crj-stnUisiition  from  water,  the  bydrochlurate  of  dicymylamine 
being  much  less  soluble  in  water  ihitn  the  cyraylamjne-salt.  The  bases  are  iwpanitcil 
from  the  hydruchlo rates  by  diatillatiou  with  {)Otash. 

Cy mi/la m  in e.  C'"H"N  =  N.H-.C'*II'*. — Monocifmylamine,  Cuminanane primairt 
(Rossi).  A  colourless  oily  liquid  which  does  not  solidify-  in  a  mixture  of  ice  and 
Bait.  Volatile  at  ordinary  tempera turea ;  begins  to  boil  at  about  280"  with  partial 
decomposition . 

HtfdrochhTate  of  CymyJamint  cTTHtalliwps  in  nacreous  rhombic  lamias,  very  soluble 
in  wat*r  and  in  alcohol.  The  vMort^/afhtate  fonns  oraugie-yellow  huziicn,  slightly 
soluble  io  boiling  water,  moderately  soluble  in  alcohol. 

Dicymylamine,  C*H"N  =  N.H.(C'*H**)-.  —  Cuminamine  sfcondaire.  Deosc. 
colourless,  oily  liquid,  beginning  to  boil  with  decomposition  above  300°  C.  IiuK>lnble 
in  water,  soluble  in  alconol  and  ether.  The  hydrochlorate  crystollisea  in  needles 
slightly  soluble  in  cold  water. — The  chJt>r<tpla(inatf  is  sparingly  soluble  in  cold  wat«r, 
and  CTj'itallisfts  firora  alcoholic  solution  in  small  roarate  needles.     (RossL) 

Trieymyfamine,G^ll'*}f  =  "S .{C'*H"^.—Cmanamiru  t/rtiaire,  Ciystalliw*  in 
small  rhomboidal  lamiufc,  which  molt  at  81*' — 82°  C.  Insolnblc  in  wat<?r,  Tmry  soluble 
in  ether  end  in  boiling  alcolio!,  sliglttly  in  cold  alcohol.  It  does  not  affect,  the  colour 
of  litmus.  The  hyJroch/oratr,  whicli  cr^'StalHsea  in  needles  grouped  in  crosses,  ia 
nearly  insoluble  in  water,  very  solulile  in  alcohoL — The  chloruplatlnafc  crvMalliae* 
with  difficulty  j  the  alcoholic  solution  deposits  it  as  a  risoous  mass  which  solidifies  oa 
drj'ing, 

CTiimx-SiiTSXOiric  acxs,    S^'n.  with  CnrTXrsin,rHUBi>i;8  acid. 

C-mnnUZC  AICOBOZm  C'»H'*0  =  C'«H".H.O.  HydraU  of  CymyL  t^VHiinw 
A'c^>h'>l.  (KrrtUt,  Disitrtation  vi>rr  dif  BtrivaU  det  Cuminol*  und  de*  Cymen*. 
liidttingon,  18^4.  Ann.  CL  PhamL  icu.  61.) — This  compound,  which  ia  iaomeric 
with  hydrate  of  thy  my  I  (oil  of  thyme),  is  produced  by  the  actioa  of  alooliolic  potasli 
on  hyiide  of  camyl ; 

aCH'^O  +  KHO  =  C"H"KO»  +  C»H"0. 

Hvitriile  of  CiimlDAte  of  Crrnilie 

cumjrL  putustlum.  akobol. 

When  hydrid*  of  cumyl  is  boiled  for  about  an  hour  with  scTeral  times  its  Tolume  of 
alcoholic  pobifili,  in  an  sppAruttis  which  allows  the  condensed  Tapours  to  flow  back 
agaiu,  the  pota«b  ia  converted  into  cuniiiiato,  and  on  adding  water  to  the  liquid,  an  oil 
•eparatea,  oon«ititing  of  cymylic  alfohol  and  cymeno,  the  latter  being  piioduced  by 
a  aeooBdary  reaction  {vid.  iiifX  The  oil  is  agitated  with  acid  sulphite  of  sodium, 
to  separate  any  remaining  hydride  of  crnnjl,  then  dried  and  subjected  to  fiuctional 
distillation. 

Propertits. —  Colourless  liquid,  haTing  a  very  faint  but  agreeably  aromatic  odour, 
and  a  Hlmrp  spicy  taste.  It  boils  at  243°  C.  without  decomposition,  and  is  not 
acidified  by  prolonged  contact  with  the  air.  It  is  insoluble  in  water,  but  soluble  in  all 
proportions  in  alcohol  und  ether. 

Deeompotiiiovt. —  1.  Heated  with  potassium,  it  evolrea  hydrogen  aod  forms  a 
granubtr  maBs,  decomposed  by  WHter  into  potash  and  cymyhc  alcohoL — 2.  Heated 
with  niin'c  acid,  it  is  CNrinrertvd  into  cuminic  Rcid. —  3.  Strong  tulphurie  acidtnni- 
forms  it  into  a  resinous  brittle  gubstiince  which  becomes  semiHuid  in  boiling  water. — 
4.  By  boiling  with  alcoholic  potaak^  it  is  converted  into  cuminate  of  potasaiom  and 
eyraene : 

SC'*H"0  +  KHO  -.  C'^H'^KO'  +  2C«H'*  +  2H«0. 

Jt  (ioes  not  coiabin<^  with  the  acid  sulphites  of  the  alkali-metals. 


CTWTK  SUXiFBimOTra    ACZSt     C'»H"SO' 


(mr 


0». 


C'«H'*.H  ( '^''        Cymfnt'tml- 
fhurir,  Cyiitol-tndphuria,  Sidphoeymeime,  Stdphfxrymylic,  CamphrKfrnr'Sulphtiric,  8ulj 
eampMie,  Thjfmjfl^^nUpkuroiu  acid.  CymjfUditMonicacid  m^HO.C^W^S^O^  tKolbel 
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Tliw  arid,  Bnt  obuined  bjr  Oerhardt  and  Cahoari  (Aniu  Ch.  Pbyg.  [3]  i  106) 
fh^tn  rjmaDe,  and  almost  at  the  mine  time  bj  DeUtande  {ibid,  L  368X  bas  b<^ea 
fortbfr  examme<l  by  Sicreking  (Ann.  Ch.  Phana  ctL  267).  It  u  produced  by  the 
actiati  of  fttming  Bolphoric  add  on  cymene,  and  perhaps  aI«o  on  chloride  of  rymene 
(p.  397)>  To  prtpaM  it«  cymene  is  diMoived  in  a  slight  excess  of  fiuning  solpburic 
acid,  no  ralphamuii  add  being  then  erolTed  if  tbe  mixture  ia  kept  cool ;  the  liquid  ia 
dttoted  viih  wittier,  Ajituratcd  irith  carbonate  of  lead,  and  filterea;  and  the  solution  of 
cyiiijlaiilphit«>  of  lead  is  evaiK>r»t«d  to  the  C7yata]liniig  point.  The  aqueous  solution 
of  tbe  crystiiU  <lecfitnpoBed  by  «ulpl»ydrie  add  and  evaporated  tn  vacuo  after  filtration, 
jietds  the  ac-id.  As  the  sohitioQ  of  the  lead-salt  is  apt  to  decompose  durinji;  erapo- 
ration,  and  leave  a  dark  brown  mass,  tbe  solution  of  which  is  not  decolorised  by  sul- 
phjdrie  add,  it  is  better,  according  to  Sierekinp,  to  decompose  the  buium-salt  with 
snlphuric  arid,  remore  the  excess  of  that  acid  by  carbonate  of  lead,  and  the  dis- 
■olved  lead  b^  tralphydric  add. 

The  add  in  obtained,  by  eTaporating  ita  aqueous  solution,  in  small  deliqueficcnt 
cTTstala.  Faming  nitric  add  conTerts  it  into  nitrocymyl-stdphuroaa  add,  the  salts  of 
viiid)  detonate  wben  heated.     (Church,  Fhil  Mag.  [4J  ix.  256.) 

The  cymylsulphites  aw  sll  soluble  in  water. 

CymtflnUphtU  ^  Barium,  (C"'H»»SO')»Ba'.  crystRllises  with  1,  1  J,  and  2  at.  wafer. 
The  bydnited  niltn  have  a  fine  nwrfous  lustre,  ami  a  bittor  taste,  with  nauseously 
iweet  aftertaste.  Th*«y  dissolve  easily  in  water,  alcohol,  and  ether.  The  aqueous 
solution  may  be  boiled  without  decomposition.  The  wiiter  of  crystallisation  is  given 
off  at  loooc.  iGerbardt  and  Cahours),at  ISO<»C.  (Trapp),  not  completely  below 
170O(SieTeking). 

Offmy/intJpMU  of  Calciitm.  (r'*II«»SO»)*Ca'  +  3aq.,  crvstaliisea  in  thin  colourlwts  la- 
inin»,eairily  soluble  in  water  and  alcohol,  beoominganhptroos  at  ITO'^C.  (Si  evoking.) 

Oyimyt-ftdphite  of  Copper,  obtAiued  by  decomprising  the  barium^snlt  with  sulphate 
of  eoipper,  Crystaliisea  in  fine  silky  neKllca,  or  kminc,  soluble  in  water  and  alcohol, 
(Siaveking.) 

CyyinfUulphitf  of  ImuI,  (C'"H"»SO«)*Pb''  4-  4aq.— Crystallises  in  naereoos  lamin®, 
which  give  off  all  their  water  at  120"  C.     (Delalande.) 

Cyn^-nlphUe  of  ^Uvrr. — On  dissolving  carbonate  of  silver  in  the  aqneons  acid, 
•ad  eraporating  in  vmcuo,  tbe  liquid  turns  brown  and  leaves  a  brown  residue  contain- 
ing a  few  white  needle-shaped  crystala.     (Sieveking.) 

Cirmyf-tuJphitf  of  Sodiwn,  C'»H'^aSO»  +  J aq.  —  Obtained  by  decomposing  the 
l»ftrium-»<ilt  with  sulphate  of  sodium.  CrystallisM  in  fine  silkyneedles  or  lamirae,  soluble 
in  water  and  alcohoX  and  giving  off  all  their  water  at  170'^  C.     (Sieveking.) 

CTITAVm.  A  poisonous  alkali  contained,  according  to  F  i  ci  n  u  s  (Mag.  Pharm. 
XX.  367),  in  fool's  parsley  (Mtkwta  Cynnpium).  It  is  said  to  crystaUise  in  rhombic 
prisms,  to  hure  an  alkaline  reaction,  to  be  soluble  in  water  and  alcohol,  and  to  form  a 

CiystjillisjiMi'  sulphate. 

CTirsirE.  C'^H'V?). — A  hydrocarbon  obtained  by  distiUIng  wormseod-oil  (the 
voliitile  nil  of  Sfwrn^cimtra)  several  times  with  phosphoric  auhydri<le,  and  treating 
tlie  dJHtillate  with  strong  sulphuric  acid  to  sepnite  a  heavy,  loea  volatile  oil.  Cyncne 
ia  n  niiibtlf  colourlefs  ntl,  pennanent  in  the  air.  and  having  a  peculiar  odour  like  that  of 
Wormwed.  It  is  iiiftnluble  ia  water,  very  aolable  in  ether,  and  boil*  between  173° 
and  1 75°  C.  Specifit*  gravity  0*826  at  16"=  C.  Gives  by  analysis  88  8  percent  carbon 
and  111  hydrogen.  It  is  not  attacked  by  ordinary  ^u/pAurur  acid,  but  the  fuming 
af  id  disi»oive«  it,  forming  a  conjogatotl  acid.  Strong  nitric  acid  acts  violently  upon  it 
when  heated,  forming  a  yellow  oil  heavier  than  water.  (Volckel,  Ann.  Ch.  PWm- 
Ixxxix.  368.) 

omrosxw.  An  uncrvstaJUsable  snlwtjinpe  obtained  fh)in  the  root  of  creeping 
dog'8-to<>th  gru58  {Ci/nodon  dactylon).     (Semmola,  BerttHua  Jahrttber.  xxiv.  636.) 

CTWOftVXirS  CRX8TATUB.  Dog/'g-tatl  (frasf. — This  grass,  gathered  in  tho 
flowering  seiiwn,  yiebb  in  the  frpsh  state  2-38  per  cent,,  and  in  the  d^  state  6-38  per 
cent.  ash.  contninlus  in  100  pts.  26<i  per  cent.  K*0,  101  CaK),  2-4  MgO;  01  Fe*0\ 
3-2  S0«,  401  SiO^  7-2  I«0».  and  ITO  KCL    (Way  and  Ogston.) 

CTinntEVXC  JkXCl>,    Syn.  with  KrxrRKNic  Acin. 

CTPE&trs  KBCTTItXarTXTB.  Ear(h'nlmf>ud  (Erdtnandt I).— The  tubers  of  this 
B«'*l^e,  wUkU  tv  ruilit^ftious  in  airily,  F^^ypt,  iic.  ciiltirnted  in  Arabia,  and  used  as  food, 
eontnin  in  100  pts.,  according  to  yemmoln  (J.  Chim.  med.  xi.  266),  22  pts.  starch, 
4  inulin.  and  I  erystallisable  sugar;  aecopiing  to  Munoz  y  Luna  (Ana.  Ch.  Pharm. 
Ixxdii.  370},  2!)  slurch,  14  cane-MUgar,  7  giiin  and  «inlta,  and  28  of  a  fixed  oil  resembling 
oil  of  sweet  slmonds.  According  to  Lnmlervr  (Hvichn.  N.  Repert,  iv.  20),  the  oil  has 
a  specific  gravity  of  0"94,  resembles  oil  of  si-*d.mi-,  and  ia  easily  saponiEable. 
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CTVSXVBSZar.  Th«  name  applied  in  North  America  to  a  brown  powder  pn»- 
pared  from  Ci/pripedium  puhtscenft,  and  uoed  oa  a  medicine. 

OTSTnrB.  CyHuf  oxifte,  (^NH'SO'. — An  organic  base  constitotiag  the  chief 
consHtucnt  of  a  rare  kind  of  urinary  calmlaH,  occurring  in  men  and  dogs.  It  w&»  dis- 
eovered  by  WollaBton  (Phil.  Trans.  1810.  p.  '223),  and  bus  been  found  in  rwiAl  con- 
eretiona  and  urinary  grnvel  (Goldin^  Bird,  Trratite  on  Urinary  Conertiiona  ;  Toel. 
Ann.  Ch.  Pharm.  xcvi.  247),  in  the  kidneya  of  the  ox  (Cloetta,'  ibid.  xcix.  2S9),  and 
in  the  liTer  of  a  dnankard  who  died  of  typbuH  fever  (Scherer,  N.  Jahrb.  Fhano.  tu. 
306).  EeseftreheB  on  cystine  and  cystic  caicuii  have  alio  been  pnbliphed  by  Las«aign» 
(Ann.  Cb.  Phys.  [2]  xxiii.  328);  Baudrimont  and  MaUguti  (J.  Pharm.  xxir. 
833);  Thaulow  (Ann.  Ch.  Pharm.  ixrii,  197)  r  Murchand  (J.  pr.  Chem.  xvl  264); 
Robert(J,  Pharm.  vii  166) ;Buchner(Rep«ri:.ixi.  113);  WalchnBr(Schw.  J.xItiL 
106);  Wiirter(Schw.  J.  lTi472);  Schindler (Mar. Pharm. xxix.  264) ;  Venablea 
(N.  Quart.  J.  of  Sc,  vii.  30);  O.  Henry  (J.  Pharm.  ixiiL  11);  Dranty  (J.  Chim. 
mid-  xiii.  230)  ;  Taylor(PbiL  Maj?.  [3]  xii.  337);  Lecanu  and  S^galas  (J.  Pharm. 
xxiT.  460);  Schweig  (Heidelb.  Medic  Annal  xiii  364);  Bley  (Arch.  Pharm.  [2] 
iL  165) ;  Civiale  (J.  Chim.  m^  1838,  p.  35£};  Schlosab«rger  (N.  Jahrb.  Fharm. 
Tiii  4). 

^  Uriuaiy  calculi  are  occasionally  found  ronBicting  of  pure  CTstin,  but  if  the  ealcolna 
likewise  coDtaios  phosphate  of  nilcium,  the  cystine  ie  either  aisaolrc^  out  by  ammoota 
and  the  filtrate  left  to  eraporate  to  the  crystallising  point;  or  it  iS  dissolTod  in  potoah 
and  precipitated  from  the  fikrate  by  acetie  acid.     (Laoi^aigne.) 

Properiif*.  —  In  urin.117  calculi,  cystine  presenta  tlie  appearance  of  a  yeUowiah, 
Hhiuing, con^edly  crystalliBed  ma^a  (WnilaBton);  wax-yellow,  translucent,  elongat«d, 
square  octahedrouj  (Sebindler);  yellowish,  traonlucent,  with  a  faint  lustre;  con* 
fuuedly  crystalliDe ;  cracklea  between  the  teeth ;  is  easily  rubbed  to  a  yellowish 
powder;  tasteleaa,  neutral  (Robert).  Specific  gravity  of  a  calculua  containing  97-£ 
pts.  cystine  to  2*5  pts,  phosphate  of  calcium  =  r677  (Wollaston);  of  a  calculus 
wnfaming  91  per  cent,  of  cystine  =  1*13  (Taylor);  of  a  pure  cyatine  ealculiu 
=  1'7143  (Venables).  From  a  R«!u(ion  in  hot  acjuiyms  potanh.  cystine  slowly  ctj-j^- 
tallisea  onatldition  of  acetic  acid,  in  neiatml  six-sided  laminjB  (Wollaaton);  from  an 
awruoniacal  aoludon  by  evaporation,  in  transpareut  colourless  laminie  <Lassaigne) 
in  rhombic  cryatals  (Th  autow).  (See  Funkf't  AUat  d.  phynUog.  Chem,  Ta£  r.fy.  6). 
Cystine  is  insoluble  in  wat^r  and  in  alcohol. 

Dfcompoititions. —  1.  Cyutine  yields  by  dry  distillation,  carbonate  of  ammonia,  a 
Tolutile,  viticid,  stinking  oil,  and  spongy  charcoal  (Wollaston  and  Walchner). 
It  likewise  gives  ofi" hydrocyanic  acid  (Schindler). —  2.  When  heated  in  the  air,  it 
girea  off  a  quite  peculiar  and  citrpmely  disagTCeabli?  odour  (Wollaston),  sulphurous 
and  rMetnbling  that  of  oil  of  mustard  (0.  Henry).  It  takcv  fire  at  the  same  tam*", 
■^^tho.at  mplting  (Wollaaton),  assumes  a  blade-brown  colour,  and  splits  into 
fr-iigmentB,  which  disappenr  without  fVision  or  intumescenre,  emitting  a  strong  smell 
of  hydrocyanic  acid  and  a  faint  empyreumatic  odotir  (Bu<^hner), —  3.  Fused  with 
hydrate  of  potassium,  it  gives  off  an  infiiimmiible  gas,  which  bums  with  a  flame  of 
sulphide  of  carbon,  producing  sulphurous  anhydride  (Thaulow^, —  4.  Its  solution  in 
excess  of  nitric  acid  le«TPs,  when  concentrated  by  boiling,  first  a  whit*  npnqoe 
substance  (Lecanie  and  S^galas),  then  a  Bubst.-ince  which  becomes  contiQunlly 
browner,  and  at  last  black,  is  free  from  oxalic  acid  (Wollaston),  but  contains 
sulphuric  acid  (Thaulow). 

Comhinatii>rut. —  Cystine  dissolves  in  the  s^ueous  solutions  of  the  stronger  adds ; 
nud.  on  cviiponition  at  a  gentle  heat^  yields  crystals  which  are  soluble  in  water.  Tha 
aolution  is  precipitated  by  oirhonate  of  ammonia.  The  hydrochloraif,  nitrate,  pkc^pkaie, 
and  ttilpKate  of  cystine  crypt.(illi»e  in  needles  grouped  in  tufts  (Wollaatonji 

Cystine  dissolvps  readily  in  aqueous  ammonia,  potash,  todOt  and  limA,  also  in  the 
ariid  carhnnatft  of  pntastfiuin  and  sodium^  but  not  in  acid  carbonate  of  ammonia.  All 
these  solutions  yield  gnuinlar  crystals  by  evuporation  (Wollaston). — -From  alkaline 
solutions,  cystine  is  not  precipitated  by  sulphuric,  hydrochloric,  or  nitric  acid ;  but 
acetic  tartaric,  and  citric  ncids  procipitato  it  in  a  few  seconds  as  a  fine  white  powder. 
(Wollaston,  Lnssaigne,  Walchner,  Robert) 

The  solution  in  ammonia,  when  left  to  evaporate,  yields  pnre  cystine  in  crystals. — 
The  solution  in  potash  depositi,  on  evaporation,  white  crystalline  grains,  which  are 
tasteless,  leave  a  small  quantity  of  potash  when  burned,  are  insoluble  in  water,  but 
dissolve  readUj  in  wat^^r  containing  potash.    (Lassaigne.) 

OT8TZVOZS  TTTBEKO^BS.  Xantkncygiin.  A  substance  resembling  ,^ 
tine  and  xBBthiiie,  and  found  in  small  whitish  grains  on  the  mucous  membrane 
the  digestive  organs,  liver,  &c.  of  the  body,  two  mgollis  after  interment,  of  « 
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who  (lied  of  inflamtnatioD  of  those  oi^gnns.  (A.  ChevalliaraiidLiiBsaigDe,  J.Chim. 
n>«d.  [3]  rii.  208;  PlurtQ.  Ontr.  1861.  p.  717.) 

CTTSMlMWL  A  bitter  lubstance  obtained  from  Cyiisut  Lattumum  hj  Chfr* 
rallier  and  Lnssaigne  (J.  Pharm.  iv.  340;  rii.  236).  Thp  alcoholie  exlruct  of  tJi*» 
•e«li  ii  t2«at«d  with  vater ;  the  Bolntioo  precipitated  vith  neutral  ac«tate  of  lead,  and 
the  Ind  removed  from  the  filtrate  bj  Bulphjrdric  acid.  The  liquid  filtered  from  the 
■nlpbid*  of  lead  leareo,  wheu  eraporatod,  a  jellotrish  green  mara  of  the  consii^tt'nce  of 
ao  eztnct,  Bolubhi  iji  vut^rr  and  in  alcohol,  precipitated  by  basic  acetate  of  had  and 
nitmto  of  aflTer.  When  taken  internally,  it  nroduoes  giddinofis,  apoama,  and  vomiting. 
—  Accordiiig  to  Feachier  (J.  Chim.  m6d.  ri  66),  cytiaiae  is  identiod  with  the 
cathartiiw  of  leuw-lcftres ;  but  these  labctancca  have  not  been  sofficiently  studied  to 
deddfl  tba  qtiattion  with  certainty. 


SAOTTXtXft.  Tha  deaoaed  root-fibres  of  Dactylis  glomfrata,  yield,  according  to 
I  Schalzo'e  annlysia  (Abu.  Ch.  Pharm.  cii.  180),  24  p.  c,  dry  aabetance  containing  94 
I        p.  c.  aah«  of  which  36  pta.  ( ^  41'S  p.  c.  of  the  aah)  conaiata  of  aUica. 

Por  Way  and  Og^too's  onulyHis  of  the  aah  of  the  flower  at  thia  plant,  see  Quhaaa. 

SASTX.     The  name  giren  by  Blaocbet  and  Sell  to  the  camphene  obtained  firoB 
cr>'st«llised  hydrochlorate  of  tarpentiiio-oil.     (See  TuaPSMTlKS,  On.  or.) 
.  BZ9AX.3L&  QtrSKCUr A,     Thia  sponge,  dried  at  lOO^  C^  coutaina  3>2  p.  & 

I        nitri'g^a  dnd  leuvtw  31  p.  c  aah.    (Schloaaberger  and  Dopping.) 

kSIAaaSS.     See  BiBCH-TAR  (i.  689). 
nAGirSKSZOTYl^B.     Se«  LlQHT  (CHBJnCAL  ACTION  OF). 
SAB&XA.    The  tabeiaof  /)oA/t« ^mna/«  contain  1ft  p.c  innlin  (ihenco  called 
uhlin'y,  alao  citric  and  malic  adda,  chiefly  aa  oolciuiQ-aalta,  a  fixed  oil,  and  a  Tolotile 
I  which  ia  lighter  than  water  and  qnickly  reaiiiiaeo  when  exposed  to  the  air.     In  wat^r 
mis  volatile  oil  aolidifiea  after  some  time,  and  yields  ciyatala  appopently  conaiating  of 
benzoic  acil     (Payeo,  J.  Pharm.  ix.  384 ;  x.  2a9.) 
S&XiJLSroilTTX.    See  DaLANOvrra. 

SiLXiA&M'ZTBi    Breithanpt's  name  for  the  orsonical  pyrites  from  Dalame  or 
Dalecarlia  in  Sweden. 

P  A ttBIOCrHTW  or  TSAK^BIOCBXir.     An  imperfectly  iavestigated  product 
of  the  action  of  ammonia  and  chlorine  on  quinine  (y.  v.). 

SAXLAiVXIC  and  SAMOI^XC  ACZBa.    Two  volatile  acids  said  to  exist  in 
cowa'  and  hones'  urine.     Bamaloric  acid  G^H'K)^?)  ia  oily,  heavier  than  water,  and 
■mella  somewhat  like  valerian.     (Stitdeler,  Ann.  Cb.  Pharm.  LxxriL  27.) 
SAMASCrrs    STSE^.     See  laojr. 


XkASCMASA  &fiSZir,  AVSTXA&ZAir.  Cowdie  mtin,  Cowdir-pme  rrtitt. 
The  prodnoe  of  a  large  coniferoas  tree,  Dammara  Austrafis,  which  growa  in  New 
Zealand.  It  forma  white  or  yellow  roaasea  very  difficult  to  break,  having  a  shining 
fracture,  and  a  very  decided  odour  of  turpentine.  According  to  R.  D.  Thomaon  (Ann. 
Ch.  Phys.  [3]  ix.  499)  it  consists  of  an  acjd  reain,  dammaric  acid,  and  a  oeutrul 
redn,  dammaran,  the  former  of  which  may  be  extracted  by  alcohol. 

The  add  reain  ia  depoeited,  by  apoutuneous  evaporation  of  ita  alkaline  solution,  in 
cryataUine  graina  eontamme  72*64  p.  c.  carbon,  9-31  hydrogen,  and  18-00  oxygen.  On 
predpitating  the  boiling  alcoholic  aolutioo  with  alcoholic  uitrtite  of  eilv«!r  cuntaining 
ammooia,  a  predpitate  ia  formed  oontiitntng  14'GO  to  1476  p.  c.  oxide  of  silTer. 
Thomson  reprewnta  the  acid  resin  by  the  formula  C*'H**0'  (76*4  C  and  94  H^  and 
the  §ilTer-pr#dpJtate  by  A<}O.C*H*'C/'. 

The  nentral  resin,  insoluble  in  weak  alcohol,  yields  a  colourless  varnish  with  absolute 
alcohol  and  with  oil  of  turpentine.  lUt  un&lysia  giree  76  02  C  and  9*6  H,  which 
Thomson  reprt«ent«  by  the  formula  C**JP*0*,  When  exposed  to  continued  heat  it 
absorba  oxygen. 

The  redo,  when  distilled  alone  ut  a  gentle  heat  yields  an  amber-coloured  volatile  oil 
called  dammarol,  containing  822  p.  c.  carbon,  and  11 'I  hydrogen  ;  and  by  distilling 
it  with  Ume,  another  yellow  oil  is  obtain eti,  called  dam marone.  All  these  products 
require  furtln-r  exiinuimtiun. 

EAST  XliTDZAir.     Dammar-Puti  (I  e.  Cdft-eye  retin, 
Tiiia  ia  the  more  ordinary  kind  of  dammara  reain ;  it 
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com«  chiofly  from  SiuRapore,  and  is  said  to  be  olitaine<^  from  Ptnuj!  Drtmntartt,  h»mh., 
or  bamnuxra  affxt  (D.  Qrirntalt*.  Unmph., or  Jqathis lorantfiifufiu,  Sftliib,),  a  coniferoua 
tree,  indigpnoua  in  the  Ejist  Indies  and  in  the  Moluwan,  The  resin,  which  «xttdM 
from  excrescences  on  the  stem  near  the  root,  fonnii  colourleBs  or  yellowiBt,  more  or  lem 
transparent  lumps,  yarying  in  size  between  that  of  a  pen  and  that  of  a  heo*»  egg :  of 
specific  gravity  r04  to  1'09:  hariag  a  reeinoDa  odour  and  conchoTdal  fracture.  Ac- 
cording to  Brandeu,  it  melta  at  ISO**  C.  ;  according  to  DuUt,  it  herina  to  roeJt  at  73°  C. 
It  dissolves  partially  in  ahaolute  alcohoi  (to  about  J)  and  in  etnrr  (to  aboat  A) ;  in 
f  mgveout  alcohol  it  h  less  soluVile  in  proportion  an  the  alcohol  is  weaker  ;  ot/«,  both  fiird 
f  and  volaiUt,  dinsolrp  it  more  completely.  It  ia  ia«>oIuble  in  dilute  acids,  but  itmvtj 
sulphuric  acid  dissaolTcs  it  comjjktely  even  iu  the  cold  ;  and  on  dropping  the  yolloir  or 
red  solution  into  water,  a  white  preoipitHte  is  formed,  consisting,  apparently,  of  the 
nnalt^red  resin.  The  resin  heated  with  sulphuric  acid  in  deoomposea,  with  evolution 
of  snlphorous  acid.  Nitric  acid  likewise  decomposes  it  with  aid  of  heat.  When  aua- 
pended  in  WHter  and  treated  with  cidoriiu  gas,  it  tiikfs  up  26  p. c.  chlorine.  It  ia 
flcarcely  attacked  hy  poiath  or  soda,  even  when  heated  therewith;  heated  with  snie- 
lime,  it  gives  off  hycmigen  and  ca.rburett«d  hydrogen,  and  if  the  heat  haa  not  bc«n 
raised  above  320°  C,  a  resinous  body  is  found  in  the  residue. 

East  Indian  DHmmam  resin  contains  tilxtut  0*2  p.c.  ash,  a  small  quantity  of  gam,  a 
hydrocarbon,  damraaryl,  and  throe  reisinou*  Ixxiips.  According  to  analyaea  by 
fiehrcitter  (Fogg.  Ann.  lix.  37),  and  Dulk  (J.  pr.  Chera.  xlv.  16),  tha  entire  T«tia 
yields  numbeni  answering;  to  flic  empiricid  fnrmula  C*^H*'0^. 

Weak  alcohol  extracts  from  Daramara  resin  an  acid  resin  called  hydrated  damma- 
rylic  acid  (or  a-resin)  amounting  to  about  \  of  the  whole,  and  consisting  of  C^H^'W 
(or  C^WO*,  accordinfif  to  IMk):  it  is  white,  becomes  electric  by  friction,  melts  at 
bQ°  C. ;  does  not  oxidiM  by  exposure  to  the  air.  It  anites  with  buses,  but  the  salta 
are  very  unstable. 

If  the  damraara  rosin,  after  exhaustion  with  weak  spirit,  be  treated  with  ahti^utf 
alcohoi,  aresin  A,  con  sitting  ofanhydrons  dainmarylic  acid  C*"  IP' 0^  (or  C**fP*  (J*, 
ac'^ording  to  Dulk),  is  dijwolved,  and  remains,  on  evaporating  the  alcohol,  as  a  white 
powder,  meltine  »t  60°  C,  perfectly  soluble  in  absolute  alcohol,  in  ether,  in  oils,  both 
fixed  nnd  volatile,  and  in  strong  sulphuric  acid ;  the  alcoholic  solution  has  a  Btrcmg*>r 
add  reliction  than  that  of  the  resin  a.  With  haurs,  it  behaves  like  tlie  reain  a,  forming 
Bidts  which,  according  to  Dulk,  are  idctvticul  wirh  those  of  the  resin  a. 

WTien  the  dammajTi  resin,  after  exhaustion  with  alcohol,  is  treated  with  rthrr,  a 
portion  of  the  residue  ( =  about  \  of  the  original  resin)  dissolves,  and  the  aolution 
yields  by  evaporation  a  hydrocarbon,  called  dnmmaryl,  —  C*fl"(or  C?**if**  according 
to  Dulk).  It  is  a  tiistcless,  inodorous  powder,  which  becomes  electric  by  friction, 
dissolvea  easily  in  cold  ether,  softens  at  H5*>,  and  melts  at  190"  C.  It  oxidises  quickly 
when  exposed  to  the  air,  liiking  up  from  3  to  5  p.  c.  oxygen  (  =  1  or  2  at.  O,  according 
to  the  formula  C"//*").  By  exposure  for  some  time  to  moist  air  at  11 0"  C„  it  acquirct 
the  composition  of  the  crude  renin  (yfl**0*'.  Dammaryl  suspended  in  water  and 
treated  with  chlorine,  yields  a  gubstitxition-proiliict  containing  34  p.  c.  chlorine. 

After  the  resin  bus  been  exhausf*'d  with  alcohol  iind  ether,  there  remains  an  in- 
ioluble  resin  c,  a  hemi-hydrate  of  ditnimaryl  C^H^O  {or  C**H^O,  according  to 
Dnlk).  It  is  a  green,  shining,  brittle  ma^s.  which  melts  at  216"  C,  ia  insoluble  ia 
acids  and  alkalis,  but  dissolves  in  oil  of  turpentine  and  in  the  strongest  sulphuric  ncid. 

itrandea  separated  dammara  resin  into  an  a-resin  easily  soluble  in  alcohol  and  ether, 
aod  amountiiig  to  abontlof  the  whole,  and  a  jS-resiu  or  dammarin  soluble  only 
in  ItMW  ptSL  alxmltite  alcohol  and  40  or  50  \\U.  ether,  and  insoluble  in  alkalis. 

Dammara  rcsLn  is  much  used  for  the  preparation  of  ramishea  (DingL  polyt.  J. 
cairiii.  58;  oixxL  HI),  for  which  purpose  it  is  di»«oh'ed,  after  drying,  in  2  or  3  pts. 
of  oil  of  turpentine  ;  to  obtain  a  tliicker  varnish,  it  ia  usual  to  add  a  certain  quantity 
of  tliick  turpentine  or  boiled  linseed  oil.     (Handw.  d.  Chem.  2'*.  Aufl.  n.  [3]  340.) 

]lA]miiCA.AZC  JLei9>  The  eonstitiient  of  AuMtmliao  dammara  resin  which  if 
insoluble  in  weak  spirit  (p.  301), 

SAivnvia-KXV.    See  Damuaua-rssik,  East  Isydiam. 

BAM^VrAKOX*,      \ 
X»AM»IA.RONi:4 

SJimtiWAR-PirTZ.    Seo  DAMHAna-ifEsix,  East  Ikdiaw. 

BAMnCAKTX.     The  constituent  of  Ea»t  Indian  dammara-^reain,  insoluble  in 

alcftbol,  solublt!  in  tether. 

B&lCMIiRYX.,  SEnCX'ST1>2(ATE  OF.  The  constituent  of  East  Indian 
dammani-resiu  whiofi  i^s  iuftolublf  in  alcohol  and  ether. 


See  Dammara-resin,  Austraijax. 
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9ABCMASTUC  ACZS.  The  ronatitiifnt  of  East  lodiAQ  itamtnan-'neun,  which 
is  insoluble  in  wcnk,  but  Boluble  in  abnolutc  ulofliol  (p.  302). 

BABCKKAKYXZC  ACID.  AVBTSROVB.  The  CODfltitUGDt  of  Euflt  Indian 
daniiQaiu-r«xin»  vhich  is  soluble  in  weak  alcohol  (p.  302). 

BAMOinUTX.  A  hjdrated  mica,  forming  crj'stalline  laminn  in  the  Intenttees 
of  caysUls  of  kyanite,  foand  at  Pontivy  in  Brftiia;ne.  It  is  colourless,  yellowtsh- white 
3r  yellow,  transperent  in  thin  laminae,  and  of  scaly  tcxtnrc.  SpoeMc  grarity  2702. 
ITanloeM  •-  2'0  to  3"0.  Heated  in  a  tube,  it  zives  off  water  and  owelu  ap.  B*for* 
the  blowpipe,  it  inturaesoes,  becomes  white  ana  opapue,  and  meltif  to  a  white  enanieL 
It  is  deeomposed  by  strong  sulphtinc  acid. 

Ao«)rdinK  to  Deloase  (Ann.  Ch.  Pliy*.  [i^xv.  2481  it  coniistB  of  KO.^iO*  + 
i{AfC^.eiO*}  +  2/fOor  K»0.3A1^0*.6SiO'  +  2H'.),  which  (by  su'^stituting  «r  - 
|A))  may  bp  rwluc*?d  to  (K'al*H').Si«0",  the  formulA  of  nn  orthosilicate.  It  llkcuise 
eaataios  a  amaU  quantity  of  fluorine,  and  appears  to  be  a  rurifly  of  margarodite. 

njkMJkXTM.  A  mineral  eonsisttng  of  sulphur,  arsenic,  and  iron  with  a  little  cobalt, 
and  agrwing  in  form  with  arsenii-al  mrrites,  of  which  it  i»  probably  only  a  cobaltiferoua 
ranrty.  Hayes,  howevcr(Sil].  Am.  J.  xxiv,  3*6),  aasignsto  it  the  formula  Fe»AB»  Fe*S«. 
It  is  found  in  the  gneiss  near  Franconia  in  New  Hampshire,  United  States.  (See 
Kmttgotn  Uehers,  1852,  p.  99 ;  Jabresber.  £  Chem.  1853,  p.  778.) 

BAiTBtntXTS.  A  boroflilicate  of  cakinm  found  at  Banbury  in  Connei^ticut,  in 
shiuiug.  translucent,  paJe  yellow  crystals  belooging  to  the  trimetric  sybtem-  Hardness 
7  to  7'4.  Specific  gravi^  2-96.  Melts  before  the  blowpipe  and  colours  the  flam* 
green.     Two  analyses  made  by  Smith  and  Brash  give  the  following  results : 


Lot*  by 

Ignition. 

060 

0-50 


Total. 

lOO'OO 

lOOUU 


«0»         Al»0»  MitO         CsO  MgO  B'0» 

48-10       0-30  O-ofi       22-41  0'40         27*73 

46-20  1-02  22-33  27  95 

whence  Smith  and  Brush  deduce  the  formula  3C«0.2®iO»  +  ZBf/'.2^iO',  which  is 
e-IBiTuIenf  to  CaO.SiO*  +  irO^.SiO'  (Brush,  .Sill.  Am.  J.  [2]  ix.  288.  Smith  and 
Brush,  itfifl.  svi.  365,     See  also  KammtUhevfi'e  MtncraUJternu,  p,  770). 

a  AJrVBKOBZTB.    A  Tariety  of  hornblende  found  in  the  iron  min«  of  Danne- 

k  in  Sweden.     Its  strurtur*  is  flhrous  or  radiating,  the  individual  crystals  being 

I*  M»miir.t^     Colour  yellowish-brown  to  greenish-brown.     Specific  grarity 

before   the   blowpipe,  and  in  thin  pieces  melts  to  a  dark  alag. 


SIO* 
48-9 


1-6 
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corresponding  nearly  to  the  formnla  8M"0.9RiO*,  where  M  is  almost  entirely  reprt- 
sfeuted  by  iron.     (Erdm  snn,  JaJiresbor.  f.  Ch^m.  1856,  p,  846.) 


CH'^O*  (Zwenger  [I860],  Ann.Ch.Pha^rm.cxr.8\— A  prnduct 
of  the  decomposition  of  daphnin,  which  when  subjcctHl  to  dry  di*tilliitit*D.  or  heutrd 
wi^  aqueous  ucida,  or  fermented  with  eraulsin,  splits  ap  into  daphnctia  and  glucose: 


C»'H»*0'»  + 
Dipliulii. 


2WQ  «  C"H»«0»  +  2C»H»»0« 

Dspba<H(n.  OIucom. 


The  same  decomposition  also  take*  place  under  the  inflnence  of  yeast;  but  it  is  neces- 
sary first  to  add  glucose  to  the  liquid,  in  order  to  set  up  the  fermentation,  and  even 
then  the  decomposition  is  very  impf  rfect^ 

Prnaration.—\.  A  solution  of  daphnin  in  dilute  hydrochloric  or  sulphuric  acid  ia 
boileo  till  it  tarns  yellow,  then  dUuted  with  water  and  left  to  cool ;  the  impure 
daphnetin  which  scparat^a  is  dlesolred  in  hot  water,  and  precipitated  by  neutral 
acetate  of  lead ;  and  the  yellow  precipitate  is  washed,  su^pendcrl  in  hot  water,  and 
decomposed  by  Bulphydric  acid.  The  liquid  ftltcrefl  at  the  boiling  heat,  depoaita 
daphnetin  on  cooling  — 3.  The  alcoholic  extract  of  m«en>on  bark  is  treated  with 
Mron;;  hydrochloric  acid,  and  eraporated  on  the  sand-balh  fill  the  acid  is  completely 
expelled;  the  carbonaceous  residtie  is  then  boilf-d  with  water;  and  the  impure 
dnphnetin  which  8eparates  on  c<»oling  is  purified  as  above. —  3.  The  alcoholic  extract 
of  mezereon  bark  yields  by  dry  distillation  a  distillate  contaiuing  9ina}\  needle-shaped 
crystals  of  impure  daphnf-tin,  which  may  l>e  purified  as  aboTc. 

'Pmprrtits. — Daphnetin  forms  small  necdl*'-Bhaped  monocUnic  prisms  haTing  a 
strong  refracting  power.  It  has  a  slightly  astringent  taste,  and  diseolves  easily  in 
boiling  v<ttt(r,  still  more  in  boiling  alcukol,  9j>aringly  in  ttkvr.  Wb^n  heated  it  emita 
an  agreeable  odour,  and  mrltj.  at  :i  tem|>erature  above  250'*  C.  to  a  yfllowish  noaai^ 
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vrhich  Bolidifles  in  the  crystalline  form  on  cooling.  In  a  utream  of  etui  H  aublimet 
*<d«ilj,  eren  b«lov  ita  melting  point;  bnt  wheo  h«ited  in  u  cJums  Tt:<w«l,  it  >iifren 
|>artial  decomposition. 

Hot  hydrochloric  acid  eiiaily  diBeoheii  daphnetin  without  decomposing  it;  strong 
Kulphuric  acid  dissolvea  it  with  deoompoaition.     Hitric  acid  ctilours  it  det'p  red. 

Alkalit  and  alkaline  carbonates  dissolve  daphoetin,  with  yellow  colour,  the  sohition 
1)Pcoming  darker  on  eipoeure  to  the  air.  Lime-water  and  baryia-v>atfr  form  with  it 
yellow  precipitate*,  which  also  become  darker  by  ei|TOHare.  Ferric  salts  colour  daph- 
lU'tin green,  the  colon*  disappearing,  bowevor,  on  addition  of  fnc  acid  or  of  excMW  of 
ferric  nalt.  Ferrous  salts  produce  only  u  faiot  greenish  colouring  in  solutions  contjiining 
excess  of  daphnetin.  Daphnetin  reduce*  an  alkaline  cvpric  solution,  even  in  the  cold ; 
al£0  nitrate  of  stiver. 

Lead-compound^  C'*H"Pb*0".— A  warm  aqueous  solation  of  daphnetin  mixed  with 
acetate  of  lead,  yields  a  light  yellow  gelatinous  precipitate,  which  when  dry  forms  a 
brittle  masa,  dark-coloored  in  thick  kyera,  tranalucent  with  yellow-red  colour  in  thin 
layers.  It  diasolTefl  spariogly  in  water,  easily  in  ac«tic  acid.  Nitric  acid  turns  it  ml. 
On  boilinK  it  with  water,  part  of  the  daphnetin  is  removed,  and  a  compound  richer  in 
lead  reinauu. 

BA^PHirar.  C"H*'0'»  +  4H*0.— A  cnrgfallii^ble  non-aaotiBed  glnco«id^  occur- 
nng  in  the  bark  of  certain  apecies  of  Daphne.  Vauquelin  in  1808  (^Anu.  Chim. 
luxiv.  173),  first  obtained  from  Dvphiv  alpina,  an  acrid  TolatUe  rabstance  aolnble  in 
water,  to  which  Beraelias  gare  the  name  of  duphnin.— C.  G.  Qmolin  and  Baer 
(Schw.  J.  xzxr.  1)  afterwards  prepared  the  body  now  calletl  daphnin,  which  ha« 
since  been  more  particularly  exaraued  by  Zwenger  (Ann.  Ch.  Pharro.  cxv.  1).  It 
occurs  in  the  bark  of  the  common  mezereon  plant  {Daphne  meeereum),  and  somewhat 
more  abundantly  in  that  of  D.  alpina. 

Preparaiic'ti. —  1.  The  alcoholic  extract  of  the  bark  of  D.  mesrreum  or  D.  alpina  ia 
exhauated  with  watrr  ;  the  solution  ia  precipitated  with  acetate  of  lead ;  the  predpitate 
washed  with  water,  and  decomposed  by  sulphydric  acid  \  and  the  flltrate  erapontcd 
lo  diynesa  and  treated  with  abwlut*  alcohol  Daphnin  then  crystalliaea  from  the 
alcoholic  solution  (G  m  el  in  and  Baer). —  2.  The  alcohol  ic  extract  of  firesh  mesereoa 
bark  stripped  oflf  in  the  early  flowering  time,  is  dissolved  in  water;  the  solution  is 
iinjt  pmcipitated  with  neutral  acetate  of  lead ;  the  tiltrate  is  subsequently  mixed  with 
ezc^ia  of  bjiaic  acetate  of  lead  and  boiled  for  u  Img  time  ;  o.nd  the  resulting  precipitate 
ifl  washed  and  decomposed  by  sulphydric  acid.,  The  filtrate  yields  cr^-stallised 
daphnin  on  oraponition  or  on  iiddition  of  alcohoL     (Zwenger.) 

As  daphnin  is  soluble  in  ether,  it  may  be  advantageously  prepared  from  the  residual 
bark  left  after  the  preparation  of  E^tr.  vtezerei  athtrtvm. 

Praptrtirt, —  Daphnin  cryutaUisea  in  colourleaa,  trunflparent,  r^ctangnlar  prisms, 
sparingly  uoluble  in  cold,  more  fireely  in  warm  watn-,  more  soluble  still  in  alcohol, 
eapeciiiUy  at  the  boiling  heat,  insoluble  in  ether.  The  aqueous  solution  concentrated 
by  heat,  tastes  bitter  at  first,  afterwanU  astringent.  Acct>rding  to  Gmelin,  it  ii 
neutral  when  pnre^  but  according  to  Zwenger,  the  saturated  aqueous  solution  is 
decidedly  acid. 

The  crystals  of  daphnin  give  off  their  water  at  100''  C.  At  a  stronger  beat 
daphnin  emits  an  agreeable  odonr,  like  that  of  coumiirin.  When  cautiously  heat«<l  iu 
■nuUl  qiuuitities,  it  melts  at  about  20U^  C.  to  a  colourlose  masK,  which  soUdifiea  again 
in  the  crystalline  form  on  cooUng;  but  the  melting  point  and  decom|>oging  point  ane 
so  clo«e  together,  that  unices  the  heat  la  Tory  careftiliy  tipjilied,  vapours  are  given  aS, 
the  residue  continues  amoiphoua  after  cooling,  and  tht-n  forms  a  yellow  precipitate 
with  neutral  acetate  of  lead,  and  a  gr<^«n  mLKture  with  nesquichloride  of  iron,  ahowij» 
that  it  contains  daphnetin  (p.  3U3).  Daphnin  heated  in  a  close  veasel  is  decorop«iae^ 
yielding  a  sublimate  of  daphnetin  and  a  residue  of  charcoal  \  when  heut(,<d  in  the  air,  it 
bums  with  a  bright  flame,  jVrirtc  acid  decomposes  it  in  the  cold  and  coloura  it  red. 
uid  when  boiled  converts  it  partly  into  acetic  acid. 

jUkaiis  and  alkaline  oaroonaies  disaolve  daphnin  in  the  cold,  foi'ming  a  yellow 
solution  which  quickly  turns  brown-red  on  exposure  to  the  air,  especially  if  warmed. 
The  yellow  solution  of  duphnin  in  baryta-  or  li/tu-wait  r  yieJda  a  geLitinoua  precipitate 
when  heated.  Neutral  firric  chtoridi  impHrts  a  bluish  colour  to  the  aqueoos  aolutioa 
of  daphnin ;  the  liquid  turns  yellowish  when  boiled,  and  deposits  a  deep  yellovr 
precipitate  on  cooUng,  Basic  acetate  of  lead  c^jlours  the  solntioa  of  daphuin  yellowitib 
in  the  cold,  and  on  boiling  the  Liquid  an  insoluhle  compound  ia  deposite<i.  HydraUd 
oxids  of  Ua€  aJbui  precipitates  duphnin  on  continuerl  Kiiliog.  ^itratr -of  sih  r  (onus 
no  precipitate  in  the  cold,  but  a  slight  reduction  takes  place  on  boiling,  and  a 
con«idfmble  reduction  on  addition  of  ammonia.  It  reduces  an  alkaline  cupric  sUuium 
only  after  prolonged  boilinp-—  By  heating  with  aqueous  rjWt/,*,  or  by  th<«  action  ol 
mamlsin  or  otytasi,  daphnin  i»  resolved  into  daphmtiQ  and  glucose  (p.*  303). 
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AAFXOBO  or  Ztupia.  The  Soitth  American  nama  of  the  dirtj>whit«  apongy 
caoutcbouc  which  exudes  from  the  roots  of  Siphonia  elattica.  It  is  blackeued  OTtr  iid 
open  fire,  and  lucd  for  making  stoppers. 

BAX^irxviTB.  The  name  aoplied  by  Forbes  (PhiL  Mag.  [4]  xx.  428)  to  & 
minerdl  trom  Chili,  identical  with  the  WhitncTite  (q.  v.)  of  Gentb. 

9AS8ZVX8.     See  IItsucxux. 

SATS8.  Dact^li.  The  fmit  of  the  date-palm  {Phani*  dactylifrra).  Thej  are 
generaUjr  ^tbered  in  the  np#<  state  and  exposed  to  the  snn,  wherpby  they  lo«e  their 
original  bitterness  and  aoqoire  a  pore  sweet  taste.  The  fleshy  portion  of  the  fmit 
ujntaini,  according  to  Bonaatre  (J.  Pharm.  xviiL  784),  eryst«lii«ible .ctigar ; according 
to  Reinaeh  (Buchn.  Eeoert  Ixxt.  36)  only  fruit-su^  (fi8  p.  c),  t^ogrthor  with 
pectin  (9  p.c.),  gum,  and  other  substances.  Xletcinsky  (Jahresber.  d.  Chem. 
1858,  p.  434)  found  that  dates  contain  85  p.c.  fleshy  substance,  10  kernel,  and  «i 
husk ;  and  the  dates  freed  from  the  kernel  4x>Qtain  in  100  pts. :  36  sugar,  9  pectin  and 
pectinooo  roatt»r,  23  pts.  of  other  substances  soluble  in  WH.ter,  30  water,  0*1  coumarin, 
citric  acid,  and  othctr  substances.  The  kemftls  contain,  according  to  Keinsch,  36  pts, 
gammy  substance  and  40  ccI]»lo«e,  together  with  tannin,  &t,  &c. 

The  juice  of  the  flower-buds  of  the  date-palm,  which  is  rery  rich  in  B«giir,  is  lued 
for  the  preparation  of  amck,  and  on  the  email  scale  for  the  preparation  of  crystalli** 
Me  sugar.  According  to  Fourcroy  and  Van^nelin,  the  pollen  of  the  flowers  contains  ft 
large  quantity  of  free  malic  acid. 

SATHOUTB.  Datoiite.  Djftiomite.  Humboldite.  lioiritoUte.  Etmarkitc  (in 
part).  ArtrrwrtiW/?  (in  part).  Boratt  of  Lim».  Borosilicatt  o/ Limf.  Chaux  born  tie 
ttliciftuf.  A  borosilicate  of  calcium,  crystallising,  according  to  Eopp,  in  monodinio 
combinations;  with  numerous  faces,  the  primary  form  of  which  is  the  monodinic 
pism  oeP  of  77"  30'  with  a  nesriy  rectangular  base,  deviating  only  10'  from  perpendi> 
enbrity.  The  combinations  exhibit  aim  the  prisrm  «P2  =  116°  9;  the  transrenae 
heviidome  2Pao  s  43°  6&\  the  hemipyramid  P  »  122^  0\  and  many  others^ 
Clearsge  indistinct  parallel  to  ooP  and  the  transverse  Ciices.  On  the  other  hand, 
Brooke  and  Miller,  and  Dana  (Mineralogy,  ii.  33d)  regard  the  crystals  as  trimetrte 
sod  hemihedrat,  with  cleavage  parallel  to  ooPoo  and  ooFto  .  The  cTystals  are  small 
and  glossy,  having  the  form  of  short  prisms  or  thick  tablets,  often  implanted.  The 
minenl  also  occurs  massive,  with  coarse  or  fine-grained  erructiin'. 

Hardness  «  60  to  fiC  Specific  gravity  —  2-9  to  31.  Colour  white,  or  with  a 
shade  of  green,  yellow,  grey,  or  red.  Streak  white.  Lustre  gl«ssy  on  the  crystalline, 
waxy  on  the  fractured  surfaces.  Translucent.  Fracture  uneven,  subconchoulaL 
Brittle. 

Ignited  in  a  tube,  it  gives  off  water.  Before  the  blowpipe,  it  swells  op  and  melts 
easily  to  a  dear  glass,  occasionally  with  a  greenish  or  a  wddish  tint*  Colours  the 
flame  green.  Dissolves  in  borax ;  in  fhofpharut-talt  it  leaves  a  skeleton  of  sib'ca,  and 
if  ad£>d  in  considerable  quantity  forms  an  enamel-white  s^bsb.  With  a  small 
quantity  of  toda  it  forms  a  clear  glass;  with  a  larger  quantity,  the  bead  be<>oinM 
opaque  on  cooling,  and  with  a  still  larger  quantity,  the  mass  sinks  into  the  churcoal. 
with  ffjfptum,  it  fuses  to  a  clear  head. 

Analyses:  a.  Andreasberg  in  the  Harz  (Stromeyer,  Pogg.  Ann.  xiL  \67).—  b. 
Aodreasbetg  (Du  Menil»  Schw.  J.  lii.  364).— c  Andreasberg  fRaromeUberp, 
Pogg.  Ann.  xh-ii.  175).— rf.  Arendal  in  Norway  (Rammelsberg.  foe.  di.). —  f.  Isle 
Royal.  Lake  Superior  (Whitney,  SiE  Am.  J.  [2]  xv.  435).—  /  Nieder-Kirchen, 
ILhenish  Bavaria  (Dell man m.  Rammelsbrrg't  Minrralchemw,  p.  fi07).^^.  From  the 
gabbro  of  Tuscany  (B  ec  h  i,  SilL  Am.  J.  [2]  xiv.  66). 


SlO* 

B«0» 

Ca^ 

H^O 

a. 

37-36 

21-26 

36-67 

6  71                                      -  lOO 

h. 

38-51 

21-34 

35-69 

4-67                                        -  1O004 

e. 

38-48 

20-31 

35-64 

6-57                                   ==  im 

d. 

87-65 

21-24 

36-41 

6-70                                        =  100 

«. 

37-64 

21-88 

34-68 

6-80  Ma»0' tftiee                  =  100 

/ 

37-44 

24-63 

32-23 

6-70                                        ^  100 

ff- 

37-60 

22-63 

36-34 

1-66  Mg*0  2-12  A1*0«  0-85  =  100 

These  analyses  of  the  purer  specimens  lead  to  the  formula  Ca»0.2SiO'  +  Ca'O.B'O' 
+  aq.  ~  Ca»Si-0\2CaB0'  +  ao.,  or  20**0.810'  4-  B^».9iO» -(- aq.  -  2Ca«SiO*3'SiO» 
+  ao.  (calc.  38-16  SiO*.  2M6  BKy,  34-67  CaK>,  6-68  H'O).  According  to  Fownes 
and  Sullivan  (Pogg.  Ann.  Erg&nEb.  iL  368),  dat^olite  ooQtains  a  small  quantity  of 
phosphoric  acid. 

Ddtholite  occurs  in  numerous  localities,  among  which,  in  addition  to  the  above,  OMJ 
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Im>  m^ntioTied  Toggiana  in  Modona,  the  island  of  Utoe  near  Svrpden,  the  S«is8«F  Alp  in 
the  Tyrol,  aud  Berg;en  Uill  in  New  Jersey.  It  ia  found  in  amygdjUcnd  and  gnein ; 
Bometimefl  also  in  b^  of  iron  ore  in  primitire  rot'ka. 

Botryolite,  a  variety  of  datholite  occurring  in  botryoi<ial  cwncrctionB.  ia  tiBuaUjr 
rH;;arded  as  containing  twice  the  quantity  of  water  shown  by  the  ahoTe  fonnaJa  (u 
firjl).  An  analysia  by  Rommelaberg  gaVo  86O80  percent  SiO*,  12'340  B*0*,  35*215 
C(i»0  and  8-6W  water ;  but  Dana  la  of  opinion  that  additional  analyses  are  reqoired  U> 
dhow  that  thin  ftmoont  of  water  is  conntAnt. 

DATISCA  CAZnrASUrA.  Bastard  Hetnp.  This  plant,  indl^enoas  in  the 
Levant  and  in  India,  i<i  inu.-h  used  in  India,  Italy,  the  Booth  of  France,  aad 
other  places  for  communioating  a  permanent  yellow  dye  to  silk.  According  to 
Bmconnot,  the  loaves  cont^iin  a  pecmliar  colouring  matter,  dutisca^yellow,  which 
is  prepared  by  precipitating  the  aqueous  decoction  of  the  leaves  with  a  small  quantitr 
of  neutral  acetate  of  lead,  filtering  to  separate  tho  gummy  precipitate  thereby  formed, 
mudng  the  filtrate  with  potash,  then  precipitating  completely  with  aceta.te  of  lead, 
decomposing  the  yellow  precipitnto  with  sulphuric  acid,  and  evaporating  the  filtrate. 
Dadsca-yellow  then  remains  in  the  form  of  a  pale  yclJow-brown,  translucent  mass, 
iasoluble  in  cold  alcohol,  but  easily  soluble  in  water.  The  solution  is  coloured  lighter 
by  adds,  darker  by  alkalis  and  by  ferrous  sulphate,  bright  yellow  by  alnin.  8taA 
mordanted  with  alum  are  dved  permanently  yellow  by  it,  WaltJ  reoommendB  a  con- 
centrated decoction  of  the  plant  mixed  with  a  little  potash  as  u  yellow  ink  (Haudw. 
d.  Cbem.  2"  Aufl.  ii.  [3]  377). 

DATXSCXSTXar.  C^H'-O*  (Sten house  [18561,  Ann.  Ch.  Pharm.  xcriii.  186V 
A  product  of  the  d<'<x>mposidoa  of  datiscin,  obtained  by  treating  the  latter  body  with 
aqueoua  acids,  or  with  strong  potash,  not  by  the  action  of  yeast  or  erauLtin  : 

Datlicln.  Datiacfltln.         Glucoce. 

When  datiscin  is  boiled  with  dilute  snlphoric  acid,  the  liquid  becomes  turbid  in  a  few 
minutes,  and  deposits  datiscetin  in  oolourless  needles. 

As  datiscetin  ayBtallises  very  easily,  it  may  alao  be  prepared  from  the  mother-liqunr 
ohtaiued  in  the  preparation  of  datiscin,  by  precipitating  this  liquor  with  basic  acetate 
of  leoul,  decomposing  the  washed  precipitate  with  snlphydric  acid,  evaporating  the 
filtnitc,  and  boiling  it  with  dilute  sulphuric  acid.  The  datiscetin  thus  obtained  is 
eof^ily  purified  by  recrygtallisatiora. 

Datiscetin  is  tastelesa,  nearly  insoluble  in  water,  oaaily  soluble  in  alcohol,  and  is  pre- 
cipttatcd  therefrom  by  water.  It  disiBolves  in  all  proportions  in  ether,  and  crystalSaes 
in  nocdlea  on  erapomtion. 

Datiscetin  melts  at  a  somewhat  high  teroperatnre,  and,  if  careftilly  heated,  may  !>« 
partiaUy  sublimed.    When  itrongly  heated,  it  takes  fire  and  bums  away. 

mtrie  add  acts  violently  on  datiscetin,  even  in  the  cold,  nitrous  acid  being  evolved 
and  a  resinous  substance  formed,  which  nltiraately  dissolves  with  red  colour;  on 
evaporating  the  liquid,  picric  acid  is  obtained,  but  no  oialic  acid.  Boiled  with  weak 
nitric  acid  (1  pt.  ordiniiry  nitric  add  to  10  pt«.  water),  it  yields  nitrosalic^Iic  arid. 
Distilled  with  fulphuric  acid  and  acid  ehromaU  0/  potoiaium,  it  yields  oily  drc^ 
which  amell  like  salicylons  acid,  and  colour  ferric  Balta  purple.  When  datJAoetin  is 
gradually  added  to  melting  hydrate  of  potassium,  it  dissolves  with  deep  orange  coloar 
and  evolution  of  hydiogen ;  and  on  supersaturating  the  cooled  mass  with  hy£^ochloric 
Hciil,  !!  resinous  mibetance  separates,  which,  when  heated,  yields  a  colourless  subbmiite 
of  n^edie-HhHped  crystals,  having  the  aspect  of  benzoic  add,  bat  girii^  with  ferric 
clilnride  the  n^nction  of  salicylic  ncid. 

Dili  inwtin  dissolves  in  aqueous  alkalis,  and  is  rejprecipitated  by  ucida.  An  alooholie 
solution  of  datiscetin  forms  with  neutral  acetate  of  had  a  deep  yellow  precipitate,  coo- 
sifting  of  C'»HTb'0'. 

SATZaCXir.  C"H»0".  Agkcoside  dofieljr  allied  to  sulieiu.  It  was  first  obtained 
by  Uraconnot  in  181G  (Ann.  Ch.  Phys.  [2]  lii.  277).  from  the  leaves  of  Ite/wM 
coniiahina,  and  to  a  great  extent  correctly  examined;  but  his  statements  were  so  fitr 
for^rotten,  lhnt  the  body  was  universally  regarded  a«t  idonticjil  with  innlin,  till  Sten- 
honse  in  186»  (Ann.  Ch,  Phjirm.  icviii.  166  :  Chem. Guz.  1856.  No.  31S)  re-examined 
the  roots  of  Datisca  cannabina,  and  showed  that  tho  body  obtained  by  Bmconnot  was 
really  s  distinct  compound. 

Prrparation. — The  alcoholic  eitmct  of  the  root  is  evaporated  to  a  syrup  and  mixed 
with  half  its  bulk  of  water ;  the  liquid  is  decanted  from  a  rosin  which  separated ;  and  ths 
impure  datiscin  which  crystjillises  by  upontiineoBS  evaporation  is  pressed  between  pspn*. 
ana  then  dissolved  in  alcohol;  on  Kubsequent  addition  of  water,  a  fiirtlier  portion  0! 
tmm  separates,  and  the  dilute  solution  after  a  wliil<?  yields  purer  datiscio.     By  repeat* 
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tng  the  trmtnent  with  alcohol  and  wnter  it  is  obtained  quite  pure.  It  maj  alao  b* 
fre«id  fh}m  tannin  bj  mixing  the  alcoholic  sotatiou  with  a  innall  quantity  of  gvhitin« 
the  porification  being  completed  a«  atx)ve. 

Prcprrtirt. — Pure  datiaan  forma  coIourleH  silky  needles.  It  ia  oparingly  soluble  in 
pold,  somowhat  more  cosily  in  hot  toater,  easily  in  cold  aicohol,  and  in  all  proportions  in 
boiling  alcohol,  rery  »lightly  in  ether.  From  a  strong  alcoholic  solution  it  is  imme- 
diAt^  preeipitttted  by  water,  from  a  weaker  solution  after  some  time  only ;  from  the 
^tb«fek^  solntton  it  separates  by  spontaneoos  erapomtion  in  Urge  cryatalline  l«min». 
The  solntions  of  dstisein  have  a  Tery  bitt4?r  taste,  and  a  nentral  reaction. 

Datiacin  melts  at  160°  C. ;  on  carefully  hpating  it  in  a  current  of  air,  it  yields  a 
small  quantity  of  a  crystalline  sublimate.  When  more  strongly  heated  alone,  "it  is  car- 
bonised, and  gires  off  the  odour  of  burnt  sugar.  When  boiled  with  dilute  sulphuric 
or  hydrochloric  acid,  it  is  easily  reeoWed  into  etyatallisable  sugar  and  datiscetin  (p.  306.) 
Vvast  mod  emulsin  do  not  appear  to  act  upon  it  DEute  nitric  aeid  diasolres  it  eren 
in  the  oold.  conrerting  it  into  picric  and  ouJic  adds.  Stronger  nitric  acid  forms  the 
aame  prodocta. 

Batasein,  altboagh  neutral  \o  test-paper,  neverthclesa  exhibits  with  hatra  the  pro- 
peities  of  a  weak  add,  dissolving  with  deep  yellow  colour  in  aqueous  alkalis,  and  m 
lime-  and  baryta-water,  and  being  separated  therefrom  by  acids.  The  aqueous  solu- 
tion of  datiscin  forms  a  liffht  vellow  predpitate  with  acttate  of  lead,  either  neutral  or 
bane,  also  with  stannie  chloride,  greenish  with  citpric  $atts,  brownish  mib/rrric  salts. 
Br  boiling  with  strong  jvU^sh-tfy,  it  is  decomposed,  with  formation  of  datiscetin. 
MMnp  potash  acta  in  like  manner,  but  the  resulting  datiscetin  suffen*  ftirther  decom- 
pontion  (p.  r]Or>). 

]>AT02;rrs.    8yn.  with  Datuolzte. 

SATVRA.  A  genus  of  plants  belonging  to  the  solaoaeeons  order.  The  herb  and 
seed,  especially  the  latter,  of  the  common  thorn-apple,  Datura  Siramonium,  contain  a 
poisonous  alkjuoidf  datnrine,  which,  uccording  to  Planta,  is  identical  with  atropine. 
The  herb  and  seodi  contain  also  an  orgunic  acid,  which  Peschier  (N.  Trommsd.  xxr. 
2,  83)  regarded  aa  peculiar,  and  distinguished  by  the  name  daturic  acid  ;  but  ac- 
cording to  Brandes  (Buchn.  Rep<'rt.  viii.  1),  it  is  nothing  but  malic  acid.  The  ash  of 
the  seed  contains  17'8  per  cent.  potHsh,  12-6  soda,  36  lime,  15-5  magnesia.  3'4  feme 
oxide^  80*6  |Aosphoric  anhydride,  4*6  silica,  and  10"2  charcoal,  (Souchsy,  J.  pr. 
Chen,  zxxyiii.  32.) 

The  flowers  of  thorn-apple  ore  said  also  to  exert  a  poisonouB  action.  The  leares 
•nd  seeds  are  used  medinnally  as  a  narcotic. 

Tlie  seeds  of  Datura  arborea  contain  daturine,  malic  acid,  fixwl  oil,  &c.  Tbo  ash 
contains  in  100  pfs.  8*5  potash,  i6  soda,  70  lime,  11-4  ma^esiM,  95  alumina,  21-2 
silica,  5-7  sulphuric  nnhydride,  2'5  chlorine,  and  13*4  carbonic  anhydride.  (Walx,  J. 
pr.  Pharm.  xxiv.  365.) 

XIAXrcnra  CJUIOTA.  The  carrot.  The  roots  of  this  well  known  esculent  con- 
tuiu  a  red  colouring  matUr,  carotin,  C"H**0,  together  vrith  a  colourless  eufaetanca 
hydrocarotin.  CH^O,  from  which  the  red  compound  is  probably  formed  by  oxida- 
tion as  the  root  ripens.     (See  Carotw,  i.  80H.) 

Carrots  contain,  according  to  Warkt'nroder,  a  colrmrJcss  volatile  oQ,  sugar,  and 
starch,  and  the  residue  left  on  evaporating  the  recently  expressed  juice,  contains  9'3 
per  cent,  uncrystallisable  fugar,  03  carotin,  1*0  fixed  oil,  together  with  starch,  molio 
acid,  albuminous  substances,  ash,  &c. 

Bibra  found  tn  fresh  carrots  87*4  per  cent  water,  and  in  the  air-dried  root  15*1  per 
cent  water,  0*05  fat  and  carotin,  0*6  resin  and  oil,  29-0  sugar,  3*0  inulin,  2'8  albumin, 
11 '8  organic  add,  and  37'8  cellulose.  Schmidt  found  in  carrots  grown  on  various 
soil*,  from  86  5  to  87'0  water,  and  in  the  dry  substnnce  72  to  8-0  cane-sugar.  Volckel 
Jbnnd  in  100  pta.  of  fresh  carrots,  87'3  per  cent,  witter.  6*5  sugar,  02  oil,  0-8  gum  and 
pectin,  0-6  nitrogen-componnds,  and  3-4  cellular  tissue. 

Kitthausen  found  in  large  fleld-carrots  weighing  from  168  to  1255  ^rms.,  from  84-5 
to  87-8  per  cent  water,  and  in  the  dry  substance  1*0  to  1-3  per  cent  nitrogen,  and  60 
to  8*7  per  cent  ash-constituents.  The  proportion  of  nitrogfn  in  the  entire  carrot  is 
0-3  per  cent  (Bonsstngault).  0-2  (Millon),  02  to  0  3  (Schmidt),  (Handw.  d. 
Chem.  2«-  Aufl.  ii.  [3]  381.) 

For  Way  and  Ogston's  analysis  of  the  ash  of  the  carrot,  see  vol  L  p.  807. 


S^Ti.  with  Amatasb. 

SAVlsaoirXTS.  An  impunTsrietr  of  beryl,  found  in  the  coarse-grained  granite 
vein  near  Tory  in  Aberdeenshire,  and  in  the  Bubieslaw  mine.  Contains  12'6  per  cent, 
glodna. 

OAVT  Z>AMP.    The  miner's  safety-lamp.     (See  vol   I  p.  11 01.) 
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SAVnrz.    A  Tariety  of  n«pheiin0  from  VesuviiUL    8m  NaPKBLin. 

]>A'V7TSi     Sjn.  with  Sttptbbitb. 

SEC  JkZVTJi.^^OH'.  The  eeparatlon  of  a  dear  liquid  &om  ■  predpttate  or  dcposfl 
hy  inclining  tl>e  vfssel  and  suffering  the  liquid  to  run  out.  The  bert  fonn  of  Teasel 
for  the  purpose  is  the  onlinary  U-aker  gluM  having  its  edge  incHned  outwardB,  but 
not  tumod  over,  and  rendered  smooth  by  fusion,  not  cut  or  ground,  Tho  sidmi  should 
be  perpendicular  or  alipbtly  inclining  outwardB  from  top  to  bottom,  and  the  bottom 
fliit.  or  with  only  a  sligfjt  indentation  inwards  in  tlie  middle.  It  is  important  that  the 
Bides  and  bottom  be  of  uniform  thickness,  eo  that  (he  beaker  may  be  beated  in  the 
wuid-buth  without  frar  of  cracking,  as  the  application  of  heat  ia  often  oeceasary  to 
make  a  precipitat'e  subside  complutelj. 

The  glass  ahould  not  bo  filled  abore  §  or  J  of  its  depth,  as  otherwise  the  stream  of 
liquid  which  runs  out  on  inelining  the  veaael,  makea  too  sharp  an  angle  with  the  side, 
and  a  portion  of  it  is  very  apt  to  run  down  the  edge.  In  many  cas4M  this  inconTcnience 
may  be  obviated  by  amearing  the  edge  with  a  little  tallow  or  lard ;  but  with  hot 
liquids,  or  such  as  di^olve  fuis,  like  e-aiutic  alkalis  or  ether,  thia  method  is  of  course 
inapplieable.  The  dccantatlon  may  often  be  greatly  fticilitated  by  holding  a  wet  gUat 
lod  in  a  nearlv  vertical  po«itioa  against  the  edge  of  the  beaker,  no  aa  to  caaae  the 
atream  of  llqaid  to  run  down  it :  this  method  prevents  Che  liquid  from  running  down  the 
sides  of  the  beaker,  aud  alao  enables  it  to  run  into  the  lower  vessel  without  splashing. 

It  is  only,  however,  from  very  heavy  precipitates  that  a  liquid  can  be  thus  decantM 
without  carrj*ing  some  of  the  fiolid  particles  with  it.  For  preparations,  in  which  the 
loss  of  a  fe*  particles  is  unimportant,  simple  decantation  ia  often  advantageously 
resorted  to;  but  for  qmintitative  analyfiis,  excepting  when  the  precipitates  are  very 
hcavT,  like  metallic  pold,  or  clotted,  like  chloride  of  silver,  complete  separation  csannot 
be  effixited  without  filtrutimi.  Thia  operation  and  the  subseqaent  washing  may,  how- 
ever, be  greutiy  facilituted  by  first  leaving  the  precipitate  to  subside  aa  completely  aa 
possible,  thf^n  |;touring  the  clear  liquid  as  above  into  the  filter,  and  aft«r  it  has  run 
through,  riuaing  the  precipitate  in  the  beaker  with  pure  water,  pouring  this  through 
the  filter,  again  washing  the  precipitate  with  water,  and  so  on,  till  the  greater  port  of 
the  soluble  matter  is  removed.  The  precipitate  ia  then  to  be  poured  on  to  the  filter, 
and  the  washing  completed.  This  mode  of  proceeding  saves  time,  and  enables  ths 
wa-shing  to  be  performed  with  a  much  smallpr  quantity  of  water  than  if  the  liquid  and 
precipitate  were  at  once  thrown  in  the  filter.  (For  fiu-ther  details,  see  Handw.  d. 
Chem.  2*«  Aufl.  i.  11.  art.  ABGtESSBW.)      , 

DSCKSJrZTE.    A  native  vanadate  of  lead  from  the  Lauter  valley  near  Ifieder- 

scblettenbaeh  Ln  Rhi-ninh  Ptivaria,  where  it  occors  in  botryo7dal  crystallue  masses  and 
Bcdy  deposits,  of  dark  red  to  yellowish  colour,  translucent,  with  waxy  lustre  on  the 
recently  fractured  surfaces.  Specific  gravity  =6*8 1.  Hardness  =4-0.  Melts  esoilT 
l^efore  the  blonpipe  to  a  yellowish  bead ;  on  charcoal  it  yields  globules  and  A  depoat 
of  lead,  sometimes  emitting  an  odour  of  arsenic  With  borax  and  pbo5phonis-sut,  it 
gires  the  reactions  of  vanadium  ;  with  soda  it  melts  to  a  white  euameL  Soluble  ia 
dilute  nitric  acid  and  in  hydrochloric  acid, 

According  to  C.  Bcrgmann's  analvsis,  the  dark  red  variety  contains  47'2  per  cent. 
V'O*  and  62-9  Pb*0 ;  the  yellowish "  variety,  4927  V*0«  and  60-67  Ph*0;  whence  thr 
formula  Pb'O.TH>»  or  PbVO'.  According  to  Brush  (SiH.  Am.  J.  [2]  xxiv,  116),  it 
contains  a  considerable  quantity  of  sine,  and  is  identical  with  aneoxene  (L  354). 

msCOCTlOlTt  The  operation  of  boiling.  This  term  is  likewise  ns«*d  to  dennf.<> 
the  liquid  itself^  which  has  been  made  to  take  up  certain  soluble  principles  by  boiling. 

DSC&EPIT&TXOir.  The  crackling  noise  which  several  salts  make  when  nid* 
di'nly  heated,  accompanipil  by  a  violent  exfoliation  of  their  particles.  The  effect  ia 
generally  due  to  the  sudden  conversion  of  the  water  enclosed  within  their  eubstaaee 
into  steam;  not,  however,  the  combined  water,  for  the  salts  which  decrepitat*  m««t 
powerfully  are  anhydrous  salts,  chlorate  of  potassium  and  nitrate  of  lead,  for  example; 
and  those  which  contain  water  of  crystallisatioa  generally  fuse  quietly  when  heated. 
The  water,  which  is  the  cause  of  decrepitation,  is  merely  mechanically  enclosed 
between  the  solid  partidea  of  the  body.  Decrepitation,  especially  in  natural  minoals, 
is  also  frequently  due  to  the  unequal  expansion  of  the  laminie  which  compose  them,  in 
consequence  of  their  being  imperfect  conductors  of  heat,  like  glass  and  cast  iron.  Tbf 
true  desvage  of  minerals  may  often  ho  detected  in  this  way,  fop  they  fly  asunder  at 
their  natural  fiMsures. 

SBCOXiOltZIICSTEK.  An  instrument  invented  by  Fayen  for  estimating  tie 
decolorising  power  of  charcoal.  It  depends  upon  the  fuct  that  a  longer  column  of  « 
e«impartttive!j  lighter  coloured  liquid  exhibits  by  transmittid  light  the  same  depth  ^^f 
colour  as   a  proportionally   shorter  column  of  a  more  ttrongly-colonwd    solution. 
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DingL  Polyt.  J.  itxru.  372 ;  Handw.  d.  CL«*m.  2**  Aufl.  iL 


SSCOlCPOSXTXOir.    Sep  Cmnncix  Arrnmr  (£.  853). 

nxataLOrtti  or  SiiCxntOBXTa.  An  Amorphous  brown  minenl,  found  near 
Staojnlc,  on  Degftpo,  not  far  from  HelsingfoPB  in  Finliind,  It  contains,  aocordiog  to 
Tborald't  analytia,  38-6  p.  c  rilica,  137  water,  41*  ferric  onde,  116  ferrotw  oxide, 
2-9  lime,  2i  magDMia,  0'8  slamioa,  and  a  amall  quantity  of  phosphoric  aoid  :  it  appears 
to  be  a  product  of  decompositioiL     (Arppe,  Anolyaer  af  finska  mineralitr,  p.  18.) 

UBAMBA*  or  Con^  Tobacco,  is  a  plant  growing  wild  in  the  marshy  district*  of 
Congo,  the  flowera  of  which  produce  a  narcotic  effect  when  amoked,  and  are  much  used 
in  the  locality. 

8SX.AJrovZTB.  A  mancanifcrooa  bole  from  Miehac,  Dep.  de  Dordogne,  in 
Fnuice.  It  is  amorphous,  reddiah-white  or  red,  eli^^btly  tranducent  on  the  edges. 
HazdneM  -  1  to  1*6.  Fracture  Bplintcry.  Lustre  elightly  waxy.  AdhcNS  ationgly 
to  the  tonguf",  and  becomes  somewhat  plastic  by  immoraion  in  water.  Decomposed  by 
sulphuric  add.  An  aoaiysis  by  C.  ▼.  Hauor  guTo  60-54  8iCH,  19' 16  A1'0».  0G3  Ca*0, 
4*40  MnK),  2406  H'O  ftotal  9878).  Of  the  wa(«sr,  14  06  pts.  go  off  at  100"  C,  and 
the  remainder  at  a  red  heat.     (Johiesber.  f.  Chem.  1863,  p.  829.) 


Fcrruginoua  chlorite.     (See  Chlobith,  i,  914.) 

SSZ>XQUZ8CSJro>«    The  property  which  certain  very  soluble  salts  and  other 
bodies  possf'SiiCHi  of  absorbing  moisture  teom  th<*  atmosphere,  and  diasoJnng  therein. 


Delphinin,  Phocenin,  Ddpkin'fat,  HuiU  df  Datipitn.  (Cherreul 
[1818]  Ajin,  Ch.  Phys.  [21  ixii.  374.— ^rtr^rrc**-*  nir  Us  cwyj  yr«.  pp.  190,  287,  Mid 
467.— Bertbclot,  Ann.  Ch.  Phys.  m  lU.  261). 

A  neutral  fat  found  in  the  oil  of  ^djpkiftw  ffMneept,  D,  Pk^^ea,  and  D.  mnrgmatue ; 
it  has  not  yet  been  obtained  in  tlu  pan  itate,  the  olein  not  having  been  completely 
Mparatad. 

xb  prepare  it,  100  pta.  of  dolphin-oil  are  dissolved  in  90  pts.  of  warm  alcohol  of 
•pedfic  gnvit^  0797  :  the  eolation  is  decanted  fcom  tlie  oil  which  precipitates  on 
cooUng,  and  distilled  with  water ;  the  oil  which  remains  in  the  retort,  and  consists  of 
a  miztiire  of  delphinin  and  olein,  is  separated  from  tho  watery  liquid  and  treated  with 
cold  dilute  alcohol ;  and  the  alcohol  is  evaporated,  alter  the  solution  hu  been  separated 
from  the  undissolviHi  olein. 

I>elphin  is  an  oil  vt*ry  mobile  »(  17°  C;  specific  gravity  0'96l  (Cherreul),  0948 
(Berthelot).  It  has  a  faint,  peculiar,  somewhat  ethereal  odour,  like  that  of  Valeria 
acid.     Docfl  not  redden  litmua.     Boiline  point  263° C.     (BertbeloL) 

It  diasolves  abundantly  in  hot  alcohoL  The  alcoholic  solution,  diluted  with  a  largv 
quantity  of  water,  and  distilled,  leaves  ddphin,  which  reddens  litmus  from  containing 
free  valeric  sdd.  The  fat,  when  exposed  to  warm  air,  likewise  acquires  the  power  of 
nddeoing  litmus,  and  a  powerful  odour  proceeding  from  the  liberated  valeric  acid. 
Ddphin  heated  to  100°  C.  with  an  equal  quantity  of  oil  of  vitriol,  and  then  left  to 
XtmlC  girw  off,  after  a  week,  \h«  odour  of  valeric  and  sulphurous  acids ;  water  added 
to  it  tsJtes  np  solpbaric  sulphoely eerie,  and  valeric  acid,  and  glycerin,  and  leaves 
an  oily  mizturo  of  valeric  acid,  oleic  add,  and  a  small  quantity  of  unsaponifiod  fitt 
100  pts.  delphin  saponified  with  potash,  yield  36  pts.  valeric  acid,  69  pts.  oleic  add, 
and  15  pts  of  glycerin. 

100  pts.  of  the  oil  of  the  common  norpoise  (Delphimia  Pfc>r«a)  saponified  with  baryta 
jialdea  82-2  pta.  of  fixed  fatty  ados,  16-0  pta,  phocenate  (valoratc)  of  barium,  and 
14-0  glycerin,  or  87  pt».  glycerin  to  10-0  pts.  valeric  acid  «C"II'»0').  The  same  oil 
tieatod  with  alcohol  yielaed  successively  threie  oils,  coutaiiiing  respectively  44  pts., 
4*4  pta.  and  6-1  pts.  glycerin  to  10.  pts.  valeric  acid.  The  first  of  these  three  oils  when 
i^jntn  tVMted  with  alcohol,  yielded  a  new  liquid  (phocenin)  containing  27  pta.  glycerin 
to  10  pte.  of  valeric  acid  (Oherreul).  The  oil  of  Drtphinus gtobiapa  was  found  to 
eontain,  bcddes  fixed  fatty  acids  and  ethal,  6-9  pta.  glycerin  to  10*0  valeric  acid.  Now 
tar  10  pts.  of  valeric  add,  monovalcrin  contains  9*0  pts. ;  divalcrin  4-6  pts.,  and 
tnTslenn  3*0  pts  of  glycerin.  Hence  it  appears  that  phocenin  is  intermediate  in  com- 
position between  the  artificial  valerins,  and  may  therefore  be  regarded  as  a  mixture  of 
them — a  conclusion  further  wamnted  by  its  soparation  into  valerio  add  and  glycerin 
by  saponifi'-alion.     (Berthelot.) 

SS2*rBXWtC  A.CX1>>  Phocmic  acid.  The  add  thus  denominated  by  Chcvmil, 
and  diHc^v^-ri'd  by  him,  tir.«t  in  dolphin-oil  nnd  afterwards  in  the  ripe  berries  of  tho 
guelder  rose,  is  now  known  to  be  identical  with  v.4leric  add. 
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SBXiPBnmrlL  (LasHaigne  and  Feneuille  (1820),  Ana.  Cb.  Phys,  xiL  358. 
BrantlcB,  Schw.  J,  xxv.  369.  O.  Henry,  J.  Pharm.  xriii.  661.  Uou.^rbe,  Ann. 
Ch.  Phya.  lii.  362.)  An  alkaloid  diHCovcrcd  by  lAssftigno  and  t'eueuillo,  in  the  Dil- 
j>htnium  Staphuaffria,  or  Stavesacre.     It  is  thus  obtaiQed :  — 

The  aeedB,  deprived  of  their  hufiks,  and  groand,  are  boiled  in  a  staaH  quantity  of 
dietilled  water,  and  then  prfaseid  in  a  cloth.  The  decoction  is  filtered,  and  boiled  for 
a  few  minutes  with  pure  magnoaiR,  It  miist  then  bo  refiltered,  and  the  reaidue  left 
on  the  filter  wbU  waahed,  and  then  boiled  with  highly  rectified  alcohol,  which  diwolTea 
out  the  alkali.  By  evaporation,  a  white  pulvemlent  cnbstance,  preeenting  a  few  cry»- 
tallina  poiota,  ia  obtained. 

It  may  also  b«  procured  by  the  action  of  dilute  Bulphuric  acid  on  the  bruised  but 
onahelled  seedsw  The  solution  of  sulphatij  thus  formed  is  precipitated  by  carbonate  of 
potassium.  Alcohol  8eparat«s  tho  hose  from  this  precipitate  in  an  iiapuro  state  It 
may  be  purified  by  treating  it  with  boiling  water  to  sepurate  a  small  quaDtit^  of  nitre 
then  digoBting  the  residue  with  ether,  which  dJsaolves  out  the  por©  delplunine,  and 
eraporating  the  ethereal  solution  {Coaerbe).  The  matter  insoluble  in  ether  Couerbe 
desi^atos  as  Staphimitu, 

Delphiiiine  is  idightly  yellow,  but  yields  a  nearly  white  powder.  It  does  not  aya- 
tallii>e.  lis  taste  ia  hitter  and  acrid.  When  heated  it  mafts,  and  on  cooling  become* 
hard  and  brittle  like  resin.  If  more  highly  heated,  it  blackens  and  is  decomposed. 
Water  dissolves  a  very  small  portion  of  it  Alcohol  and  ether  dissolve  it  very  readily. 
The  alcoholic  solution  remiera  sjTup  of  violets  green,  and  restorefl  the  blue  tint  oi 
litmus  reddened  by  an  acid.  It  forme  soluble  neutral  salts  with  acids.  Alkalis  pre- 
cipitate the  delphinine  in  a  white  gelatinous  state,  like  alumina. 

SnJphaie  of  Ddphinine  da«8  not  crystallise,  but  becomes  a  transparent  mass  liko 
gam.     It  dissolves  in  alcohol  and  water,  and  its  solution  has  a  bitter  acrid  tuste. 

NUrate  of  Ddphinin^,  when  eviiporatfld  to  dryneaa,  is  8  yellow  crystalline  masa.  If 
treated  with  exc»»8s  of  nitric  acid,  it  Income*  converted  into  a  yeDow  matter,  little 
soluble  in  water,  but  soliililo  in  boib'ng  alcohol  This  solution  is  bitter,  is  not  pre- 
cipitated by  potash,  ammonia,  or  lime-water,  and  does  not  appear  to  contain  nitric  acid, 
though  it  is  not  alkaline.  It  ia  not  dejitroyed  by  furthtr  quantities  of  nitric  arad, 
nor  doca  it  form  oxalic  seid.  Belphinioe  is  distinguished  from  strychnine  and 
tnorphine  by  not  assuming  a  red  colour  when  treated  with  nitric  acid.  *  The  htfdro- 
chlorate  is  very  soluble  in  water. 

Tho  Acetate  of  D(  Iphininf  does  not  ei^stallise,  but  forms  a  hard  transparent  mass, 
bitter  and  acrid,  and  readily  decomposed  by  cold  Bulphuric  acid.  Tho  oxalate  forms 
htnall  white  plates,  resembling  in  taste  the  preceding  salts.  (Lassaigna  and  Fe- 
ncuille.) 

Delphinine  produces  nuusca  when  taken  internally,  and  eicites  a  prickly  Uttming 
84'nsation  when  nibbed  on  the  skin.  It  is  said  to  act  on  the  nervous  system,  aad  is 
used  as  n  remedy  in  chronic  swelling*  of  the  glands. 

DSXiFBXN'ITB.     Syn.  with  EpinorB. 

SZXiPSmnms.  The  seed*  of  D'lphimum  8taphi»agria  contain,  in  100  pU., 
191  pt.  of  an  oil  for  the  most  part  soluble  in  alcohol,  r4  stearin,  81  delphiniat^ 
together  with  gum,  starch,  &c.  According  to  Couerbe,  they  contain  idso  Bt^huagriae^ 
and  according  to  HofschlSgor,  a  peculiar  acid. 

SSIiPHna-OXO-E.    Syn.  with  Vaxbbokb. 

SZlXiVilVXXT&.  Dflwuxene.  A  hydrated  ferric  phosphate  occurring  at  Berneau 
ne<ir  Via^  in  Belgium,  in  black  or  bxown-ltlack  kidney -shaiwd  mnsaaa,  having  a  p«T- 
feetly  conehoTdal  fracture.  Before  the  blowpipe,  it  melts  to  a  green  magnetic  globule. 
Its  com[n-isiti  n  may  be  expressed,  accoitling  to  Rammelsberg,  by  the  format* 
2Fe*0«.P*0»  -h  24H'0,  but  it  is  generally  mix«l  with  carbonate  of  calcium  and  sihca. 
C.  V.  Hauer  (J.  pr.  Chem.  bdii.  15)  analysod  two  specimens  of  this  mineral :  a,  from 
the  locality  above  mentioned,  k  from  Leoben  in  Styriu.  The  fonnor  gave  oflF  12*2  p.  c 
water  at  lOO^  C,  and  13  84  p.  c,  more  at  a  rod  heat ;  the  latter  12-8  p.  c  at  lOO*, 
and  la-Bl  at  a  red  heat.  After  drying  over  chloride  of  calcium,  the  former  contabed 
17'02  p._c.  water,  the  latter  16-79.  These  last  amounts  of  water  are  adopted  in  the 
calculation  of  the  foUowiug  auulysea,  after  deducting  2-08  silica  iu  a  and  1'24  silica  in  b : 


pio» 

Fe*05 

C*!0 

H»0 

Toul. 

a. 

20&3 

52-03 

r-fl^ 

19-08 

99-98 

b. 

20-04 

62-A4 

8-37 

19-04 

99-99 

From  thejie  analjwts,  ITauer  deduces  the  formula 2 Ctt*O.PO*  +  6Fe*0*J*K)»  +  16BK). 

JtmuaoOTTXTW^     A  mineral  from  Nischne  Tagilsk  in  the  Ural,  where  it  oeeafB 

■a  a  thin  coating  on  malachite ;  it  was  formerly  called  blue  malachite.     Its  lui&cs 
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is  tolerably  irpeeubr.  and  ooyercd  mth  <ine  cnoka.  Colour  skj-VliM,  MmeCimM  with 
a  tiii|{«  uf  gTf^n.  It  ia  imorphoua,  traoalucent  on  the  ed^;  bnttlfc  &l*dlie«  ■•  2. 
t^i«cific  ipr*^t7  2-26.  It  oomtiflta  eHeotially  of  cupric  siUcuto.  Analyiu  eare  Sl'M 
8iO».  9  63  A1«0\  33  14  Cu»0,  816  MgK),  and  23  03  H'O.  (Nordenakiold.  Sill. 
Am.  J.  uiv.  I  Id.) 

]»EVl>&A.CHil.TSS.    Men  Mgate  (i.  62). 

BBXTD&XTSS.  Bondritic  or  arborescent  fonna  iodicato  imperfiBct  enratallisation, 
^alah  laying  themselres  end  to  end  in  long  affirogatioDS,  «om«wbJit  like  th« 
I  of  &  tree.  This  mode  of  pcmping  is  putiealArtT  ftranent  in  bodies  which 
» in  the  rtgaiat  system ;  stnking  examplee  are  afioided  by  tha  nativn  metals, 
ooppor,  silTer,  and  cotd.  The  ores  of  manganeBe  also  firequently  form  daodritea  in 
crtdka  of  rocks,  and  even  in  the  interior  of  minerals,  as  in  compact  magnesite,  and 
in  the  Tariety  of  carbonate  of  calcium  used  as  lithographic  atone.  Good  examples 
of  artifleal  dendritea  are  afforded  by  the  so-called  lead  ana  silrer  trees,  formed  by  pre- 
eipitating  tboae  metals  from  their  solutions  by  another  metal  Remarkable  dendritic 
erystaJliaatinna  of  iodide  and  chloride  of  potaasittm  are  described  by  Warington 
(Chem.  Soc  Qo.  J.  t.  130  ;  viii.  31 ;  see  also  CbystaixoobjIFHT,  p.  169). 

S>E03U^ATZ0ir.  The  abstraction  of  oxygen.  This  term  is  to  a  certain  extent 
synonyiaous  «rith  reduction,  but  it  is  sometimes  restricted  to  partial  abstraction  of 
oxygen,  the  term  rerluction  f)eing  applied  to  the  total  abstraction  of  that  element: 
tfaoa  peroxide  of  manganese  ia  said  to  be  deoxidised  by  heat;  oxide  of  silrer  to  be  re- 
ducea ;  this  diatinctioa  is,  howerer,  not  rety  fre<quently  made.  The  abetraction  of 
oxygen  (or  other  dectro-negative  radicle)  from  a  compound  is  evidently  equivalent  to 
the  addition  of  a  metal  (or  other  positive  radicle) ;  thus  the  conTeraion  of  ferric  oxide 
Fe^O*  into  ferrous  oxide  Fe*0,  is  the  same  as  the  addition  of  Fe*  to  the  former, 
vbcrely  it  is  converted  into  Fe*0*.  A  deoxidising  agent  may  therefore  bo  called  a 
uttttJ-cddinff  agent 

BiBVBSaOBtATZOir.  An  old  term,  applied  to  the  process  of  freeing  sptri toons  or 
acid  lionids  from  water  {phifffma).  Tha  appar&tas  used  for  this  purpose  in  distilleries 
are  called  dephlegmators. 

]>8FB^OGXSTZCATZO>r,  or  t!}e  abstraction  of  phlogiston,  was,  aeoarding  to 
Stahl's  theory,  the  rirocess  of  combuBtion  (I  1089).  The  "  dephlogisticated  "  bodies 
of  this  system  were  in  part  the  same  a»  those  now  called  "  oxidised :  "  thus  oxygen 
was  dephlogisticatAd  air,  litharge  was  dephL^gisticated  lead,  chlorine  was  dephlogisti* 
rated  muriiitic  acid,  &c. 

l>BPX£JLTOm^BS.  Substonosfl  used  for  z«niOTing  the  hair.  Such  are  rhusma 
{Bhu^i/iia  turcorum),  eulpby irate  of  calcium,  &c. 

BBSaCA^nr.  DermatUt.^A.  silicate  of  iron  and  magnesium,  M-SiO*  +  2aq.; 
oconrring  at  Waldbeim  in  Saxony,  in  kidney-shaped  and  stal&ctitie  moftses,  nnctnona 
to  thp  touch,  of  dftfk  preen  or  brownish  colour.  Hardness  —  2*6.  Specific  gravity 
2*1.     DecTppitatPs  nnd  blackens  before  the  blowpipe. 

According  to  two  analyses  by  Ficinns  (Min.  Oes.  in. Dresden,  vL  216)  it  contains: 


SIO*        Bl«*0       Ffl>0       »(n*0    HK)    CQ4   AMO>      C«H>       M««0 


35-80      2370      11-33      225       2520 
•I017      19-33      14-00      1"17        2200 

smrazXT.    See  Sfxcific  OuArnr. 

042 
0-83 

0-83 

0-83 

0-60  -  100-03 
1-33  S0««  0*43 

100-10 


SS8CX.OXZZTS,  PbVO'  or  2PbO.  VO*.  An  ore  of  vanadium  from  La  Plata.  It 
is  found  in  rhombic  crystals  I  or  2  millinietres  thick,  of  a  dark  olive  colour  and 
strong  lustre,  reddlBh-broiarn  by  transmitted  light,  and  yielding  a  brown  strwtk. 
Uiirdnesa  3'6.  Specific  gravity  6*839.  The  cryetals  are  -united  in  botryoidal  gronpa 
and  are  implantea  on  quartx-rodc,  together  with  pyromorphite.  On  charcoal  before 
the  blowpipe,  the  mineral  yields  a  metaOie  bead  of  lead,  together  with  a  black  slag. 
XHsaoIves  in  cold  dilate  nitnc  acid,  leaving  a  residue  of  manganic  oxide  and  qnurtz. 
The  nusan  of  t-no  analyses  gave  22-43  per  cent  V»0*,  64-70  Pb*0,  2*04  Zn*0; 
0-90  Cu«0.  5-32  Mn'O,  1'50  Fe*0«,  220  H*0,  0-32  CI  and  9-44  insoluble  reaidne,  con- 
sisting of  niangauic  oxide  and  silica.     (A.  D  amour,  Ann.  CH.  Fhyi.  [3]  xlL  72.) 

SESlwnr.     See  Stiliii-te. 

OESOX^ZiZC   ACZO,     Syn.  with  RACBMO-ciKBONio  Acid. 

SETOfTATZOir.  The  noise  accompanyuig  the  sudden  decomposition  of  a  com- 
ponnd  or  mixture  of  ebemi^l  compounds,  or  the  sudden  combination  of  two  or  more 
substances,  aa  the  union  of  oxygen  and  hydrogen  under  the  infinenee  of  heat  ot 


z\^ 


DEUTO-COMPOUNDS  —  DEXTRIN. 


eWtricity,  of  clilorine  uad  hydrogen  wmler  that  of  light,  the  dfvomjxmtioa  of  Ailiiu> 
nating  silver,  of  chloride  or  iodide  of  aitrogeo,  &c.,  the  conibnstioD  of  sulphur  or 
phosphorus  when  mixed  with  chlomtf^  of  pot^ssimn,  and  struck  or  tritnrat^d,  th* 
ncplotioD  of  gunpowder,  ice  In  all  these  cases,  the  noise  is  due  to  the  ooncussioo  d 
the  air  resulting  from  the  sudden  production  of  a  large  quantity  of  pn« ;  a  mixture  of 
nxj'gea  and  hydjrogen  exploded  by  the  electric  spark  in  a  tightly  closed  veiisel,  prodocea 
no  report, 

OEirro-COKFO?imB.  The  proper  uAe  of  the  prefix  d^uto  (from  tttntpos)  is 
to  denote  the  second  in  order  of  the  terms  of  any  series:  thus,  in  the  sereral  series  of 
oxides  Fe'O.  Fe*0';  Mn'O,  Mn'O',  Mn'O*;  Pb*0.  Pb'O,  Pb'O',  Pl.^O";  SnO.  ?nO» 
the  compounds  Fe*0*,  Mn'O',  Pb^O,  SnO*  are,  properly  ^eakina,  the  dcutoxides  of  the 
respective  metals,  the  deuto  denoting  simply  the  place  of  the  compound  in  the  series, 
not  its  atomic  composition.  Such,  indeed,  was  the  original  use  of  this  prefix;  Imt  H 
has  often  been  confounded  with  hi  or  rfi,  which  properly  refers  to  the  constitution  of 
the  compound,  aa  compared  with  that  of  the  proto-  or  ;n«n'>-compound  of  the  same 
series.     It  is  not  at  present  so  much  used  a.s  formerly. 

SBVOVZTS.     Syn.  with  Watelijtk, 

IkSHnBTXirrs.  An  amorphow  hydrated  silicate  of  magnesioni,  oceumng  with 
serpenltnt:'  iit  MidilleE«>ld,  Mosauchuseitta,  in  Texas  county,  Pennsylvania,  at  Bam 
Hillj,  Maryland,  and  in  the  TvroL  Harduesa  =2  to  3fi,  Specific  g;rarity  =2'246, 
Middlefleld  (Sbepard);  2-19'to  2-31,  Bare  HiEs  (Tyson);  2-216  iirid.  (Thooi- 
Bon);  1-936  to  2166  Tyrol  (^Vellacher).  Colour,  whitish,  yellowish,  wine-yeliow, 
greenish,  reddish.  Translucent  Brittle  and  often  much  cracked.  Before  the  blow- 
pipe it  decrepitates,  becomes  opaque,  and  fuses  with  great  diflSculty  on  the  edg«>.  lo 
powder  it  forms  with  I>orax  a  transparent  glass. 

Analifsts. —  a.  MiddleSeld  (Shepard,  8ilL  Am.  J.  xviii.  31,  1830;  analysis  im- 
perfect).— 6.  Tfxus,  Pennsylvania  (Brush,  Dana' a  Minrralogt/,  ii.  286). — c.  Bare 
Hilis  (Thcinipaon,  Phil.  Mujr.  IMd,  liil].—d.  Tyrci  (Velhrcher,  Zeitsch,  G«>L 
(irj4,ll»di.  iii.  222).— <-.  Ibtd.  (K obeli.  Munch.gd.  Aug.  xxxiii.  1).—/.  Ibid.  (Wid- 
termann,  Jahrb,  geol.  Reichsanst.  iv.  52j.) 
C«20 


0-80 


Hence  the  formula  4Mg*0.3SiO»  +  6  «q.  or  SMg'SiO'.Mg^SiO*  +  6  aq. 

The  minersvl  from  Bare  Eills,  and  that  from  the  Tyrol,  analyse<1  by  Widt«rmaniJ, 
have  been  aiMed  ffyninite  ;  but  they  belong  to  the  same  species  as  the  rest. 

An  eartliy  variety  from  the  Tyrol  yielded  49-06  SiO',  2850  Mg*0,  16-2o  HK),  0*69 
Fe'O",  476'  CO'  (=  9&-28).     (Wid termann.) 

BSXTKTir.  C«H'«0»,orC"//'n/'".  iSritigfuj/um.  Ldoeome.  (Biotand  Persor.,  Ann. 
Ch.  Phys.  [21  lii.  72-  Pay  e n,  »/W.  Iv.  225 ;  Ixi.  372 ;  Ixt.  225, 334,  Gn  * r  i  n  -  V a  rry, 
ibid.  Ix.  68.  J acquel  ain,  ibid.  [3]  viil  225.  B6 champ,  Compt. rend,  li  256.  Gm.  xv. 
185.) — ^When  starch  is  subjected  to  a  high  temperature,  or  to  the  action  of  dilute  acids  or 
alkalis,  or  of  diastase,  it  is  conA'erted  into  anew  substance,  identical  in  compooitioo, 
but  possesaiug  totally  diff^reut  properties,  being  oompletoly  soluble  in  boiling  water, 
and  forming  a  solution  which  turns  the  plane  of  polarisation  of  n  luminous  ray  to  the 
right ;  hence  the  name  dex  tri  n.  This  compound  ia  also  formed  from  starch  by  the 
action  of  saliva,  bite,  blood-serum,  pancreatic  juice  and  other  animal  matters,  and  by 
the  action  of  light  upon  starch-paste. 

Preparation. — 1.  By  submittJug  starch  to  gentle  torrf/action.  The  starch  in  the 
state  of  powder  is  placed  in  a  thin  layer  in  a  shttUow  iron  vessel  with  double  bottom 
containing  oil,  which  ia  heated  to  a  temperature  not  exceeding  160'^  C;  it  may  also  be 
hfftted  in  revolving  cylindera,  like  those  used  for  roasting  coffee.  The  npemtion  is 
linished  when  the  substance  exhibits  a.  light  brown  colour,  and  exhales  the  odour  of 
strongly  baked  bread. 

2.  One  part  of  starch  is  acted  upon  by  ^  pt  oil  of  vitriol  and  2"8  pts.  water, 
acid  is  mixed  with  part  of  tlie  water,  and  the  atarcli  Btirred  up  with  the  r«st ; 
diJuted  acid  is  ^dually  poured  upon  the  sturch.  and  the  mixture  is  kept  for  some 
time  at  90"'  C.  The  dextrin  is  precipitated  by  alcoliol  from  the  clarified  solution  (Biot 
and  Poraoz).  Dextrin  so  prepared  cannot  be  purified  from  sugar  which  is  formed  at 
the  R»me  time  and  adheres  to  it,  nicept  by  dissolving  it  at  least  ten  timi*»  in  water, 
4iid  precipitating  the  solution  with  alcohol,  which  should  uot  be  employed  in  ezoeaa. 


8iO« 

Mg»i> 

0, 

40 

40 

b. 

43-15 

35-93 

e. 

40-16 

3600 

d. 

40-40 

36-35 

e. 

41-50 

3830 

/. 

40-82 

36  06 

H^O 

Al<0> 

Fe«CM 

20 

. 

.       -   100 

20-26 

trace 

.     .          .          .       »     9935 

21-60 

trace 

M6         .         .       -     99-72 

22-60 

,    . 

0-38  Apatite  0-78  -  100 

20-60 

, 

.       c  100-30 

21-72 

.    . 

0-42,  CO*  0-59        =     99-61 

IT  of 


DEXTRIN. 


3)3 


I 


I 


3.  II7  thf  action  of  dilnif  an  J*  aided  br  heat.  To  coDrert  1000  pta.  of  dry  wturch 
into  Orxtrin  by  this  proccw,  it  1»  mixed  with  2  pt*.  of  nitric  add  of  SC**  Bm.  diluted 
with  SOO  pta.  of  water,  and  spreud  in  layers  about  an  incii  thick  on  brasa  drawera 
placed  in  an  ove«  heated  to  110°  or  120*»  C.  The  tranaformation  into  dextrin  i« 
completed  in  Hbout  an  hour  and  a  half.     (Payen.) 

4.  By  ihe  action  of  diaattue.  400  pta.  of  water  are  heated  to  abont  75**  C.  with  5  pt*. 
of  (CToand  malt>  and  600  pt0.  of  Btarcb  added  by  small  portions  at  a  time.  The  atarch 
dimolrea,  and,  aa  aoon  aa  the  solution  is  complete,  the  water  is  rapidly  heated  to  tha 
boiling  point,  to  arreat  the  action  of  the  diastase  and  prevent  the  formation  of  glucow. 
The  tolution  i«  then  filtered  and  concentrated  to  the  oonBiHtenee  of  syrap,  in  a  boiler 
he«.te<1  by  itfum  nnd  proridod  with  a  mechnnleal  agitator.  The  second  process  yielda 
the  purest  product. 

iVr/prrftcA. —Dextrin  is  an  nnciystallisable,  solid,  tninslncent  snbetance  having  tlie 
aspect  of  gum  anbic.  It  is  solnble  in  water  and  in  diluU  atcohoi,  but  insolable  in  absolute 
•IcoboL  The  aqueous  solution  is  perfectly  limpid  and  becomes  gammy  by  concentration. 
Its  optical  rotatory  power  is  1.18  68°  to  the  right  (Payen)  -  176°  (B^ch  amp.) 

Jheompontum*. —  1.  Dextrin  is  not  coloured  blue  by  iodine. —  2.  By  boiling  with 
dHutt  aetda  and  with  caustic  dkalh,  it  ia  coDrertcd  into  glucoso.  When  a  solution  of 
dextrin  ia  mixed  with  a  smdl  quantity  of  cuu.''//cj;c/i'c(8A,  tind  a  dilute  (notation  of 
rtjphatt  o/co^ver  added  drop  by  drop,  t!ie  liquid  acquires  a  deep  blue  colour  and 
remains  limpia  in  the  cold ;  but  if  heated  above  S5°  C.  it  quickly  dcoomposes  and 
deposits  a  red  cryHtalline  precipitate  of  cuprous  oxide.  This  property  distingmabes 
dextrin  from  gum  srabic. —  3.  Dextrin  heated  with  nitric  add  does  not  yield  mucic 
acid,  but  only  oxalic,  and  perhaps  a  little  saccharic  Hoid. —  4.  A  mixture  of  nitrie  and 
svJphurie  acids  converts  dextrin  into  a  nitro-compound  reacmblinp  xj-loidln,  soluble  in 
water,  precipitable  by  sulphuric  acid  (Flo  res  Domonte  and  Menard,  Compt.  rend, 
xxiv,  391).  Aoeording  to  Bi^amp,  this  eomponnd  isdinitro-dixtrin,  C^»(NO-)*0*. 
—  6.  A  solution  of  baryta  in  wood-spirit  forms  with  dextrin  u  copious  precipitate 
insoluble  in  wood-spirit,  but  soluble  in  excess  of  water,  esy»«?oitilly  when  hot;  it 
contaiofl  46'7  per  cent  baryta  (Payen).— 6.  Dextrin  is  also  precipitated  by  limt.-^ 
7.  The  solution  of  dextrin  in  water  or  in  aqueouti  alcohol  does  not  predpitate  either 
neutral  or  basic  acttatr  of  had ;  but  on  adding  ammonia,  a  white  precipitate  is 
fonned  containing  C?^'»0».Pb*0.  When  heated  to  180°  C.  it  turns  yellow  and  appears 
to  loie  ^  at.  water  (Payen).  Dextrin  is  pzedpitated  by  ttnnnout  ehloridt,  but  not  by 
/rrrom  tulphatf. 

Umt. — Dextrin  is  applied  to  a  variety  of  useful  purposes ;  it  may,  indeed,  be  tised  in 
almost  ail  cases  in  pkce  of  gum  arabic  It  is  employed  for  stiflFening  calicos  and  other 
rottoD  stuSs,  for  the  application  of  mordants  in  calico  printing;,  for  the  sizing  of  paper, 
for  the  adhesive  layer  at  the  back  of  postage-stamps,  &c.  In  surgi-ry  it  is  used  for 
making  bandag«e,  which  become  very  hard  when  drj-,  but  are  easily  removed  by  means 
of  warm  water. 

For  these  technical  uses,  the  crude  solution  of  dextrin  is  often  used,  JMt  as  it  {s 
obtained  by  the  action  of  diostate  or  sulphuric  acid  upon  starch  7  in  the  latter  case, 
the  free  arid  is  neutralised  with  chalk  and  the  liquid  evaporated.  The  syrup  of 
dextrin  thns  produced  likewise  contains  unaltered  starch,  sugar  and  water,  the 
leUdre  quantities  of  these  substances  varying  acccording  to  the  mode  of  preparation. 
DeztzJn-synp  is  very  liable  to  decomposition. 

Ertin/ttion. —  To  estimate  the  quantity  of  dextrin  in  a  solution  likewise  containing 
ghicose,  Gentele  determines  the  total  amount  of  both  these  bodies  by  means  of  a 
standard  solution  of  potsssio-cupric  tartrate,  and  then  estimates  the  glucose  with 
an  alkaline  solution  of  ferricyanide  of  potassium  (red  pmssiate),  which  does  not 
act.  upon  dextrin.  The  difference  of  the  two  determinations  gives  the  quantity  of 
dcjctruL 

In  the  viscous  fermentation  of  saccharine  liquids,  a  gummy  matter  is  formed  which 
bears  considerable  re^-mblance  to  dextrin.  It  is  solnble  in  water,  uncrystallizable, 
insoluble  in  alcohol,  and  predpitated  by  alcohol  from  its  aqueous  solution.  Dried  at 
the  heat  of  th**  water-Hath,  it  is  vitreons,  transparent,  and  eacactly  resembles  gum- 
arabic,  with  which  it  likewise  agrees  in  compositioD  ;  nitric  add  converts  it  into  oxalic 
acid  (Tilloy  and  Maclagan,  PhiLMag.  [3]  xxviii.  12). 

Bechamp  has  lately  shown  (Compt^  rend.  ilii.  1210)  that  the  production  of  dextrin 
by  the  action  of  dilute  acids  or  of  dia^tasp  on  Ptarc-h  is  preceded  by  the  formation  of 
an  int^rmediute  substance,  which  may  be  called  aolubU  »tarrh,  inasmuch  as  it  is 
soluble  in  wntcr.  but  retains  the  power  of  forming  a  blue  colour  with  iodine-  This 
soluble  starch  possesses  an  optical  rotatory  pow^r  much  greater  than  that  of  dextrin. 
[See  Starch.] 

Ctilvfa$f  dixtrin. — Cellulose  subjected  to  the  action  of  stron{^  sulphuric  acid  yields 
a  prodtict  reaembiing  ordinary  dextrin  in  many  of  irs  properties,  oat  deflectiDg  the 
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idiae  of  polamatioD  86°  9'  to  the  left  instesd  of  to  the  rigbt»  and  yielding  a  lome- 
what  diflerent.  product  with  nitric  acid.     (BAclminp.) 

3>BaCTXtIV-8irOAJt.  This  name  is  applied  by  Ventzke  to  an  txnciTBtallisable 
dextro-mtatory  sugar,  probably  a  mixture  of  dfpjttrin  and  glQcosa. 

SXIZTSXir  BTSV7.     See  DEXTom. 

DS&T&ORACSBCXC  or  SBXTJtOTABTARXC  ACID.     Orduiaiy  tartarie 

acid  18  thus  iltvipnated,  to  distingruiish  it  from  la^vo-mcpmic,  lajvo-tartaric,  or  anti- 
tartaric  aoid  (see  i.  348  ;  also  Tajbtario  Acid  aud  Racehio  Acid). 

9ZABA8S*  This  name?,  syuonymoiia  partly  with  grtenstmu,  partly  with  diorite,  u 
applied  to  rocks  consisting  of  crystallo-graDukr  mixtures  of  augite  with  felspar  (oligo- 
cLaM  or  labradorite)  usaaly  interpenetrated  with  earthy  or  scaly  chlorite.  Diabase 
has  a  specific  grayity  of  2*80  to  2*96  ;  it  la  maraiTe,  coarse  or  flae-grained,  often  strongly 
fiBsored,  sometimes  with  columnar  or  laminar  separations,  sometimes  baring  a  slaty 
Rtructureu  The  oligoclaae  and  labradorite  in  the  mixture  form  cither  distinct  crystali, 
or  tabdar  or  granfdar  crystalline  Sj^regatee^  of  a  white,  greyish,  or  greenish-white 
colour,  also  reddish  or  hrownifih.  The  angite  is  granalar,  or  in  prisms  of  rarioiifl 
lengths,  green,  brown,  or  hlack,  often  re«embling  hyperstheno.  The  chlorite,  which 
pAQetnites  the  entire  mass  and  gives  it  a  green  tint,  is  probably  not  nn  original  eon- 
Btituent  of  the  rock,  but  a  product  of  decomposition,  inasmach  as  the  arooaot  of  the 
water  found  by  onalysia  ia  too  great  to  be  ascribed  wholly  to  chlorite.  (Handw.  d. 
Chem,  2'-  Aufl.  ii.  [3]  420.) 

SZABBTXC  SiTOAJt.  The  gngar  found  in  considerable  quantity  in  the  nrine  in 
cases  of  Piabctrjs  mrlliias,  waa  formerly  regarded  ats  a  distinct  kind  of  sugar,  but  is  now 
known  to  bo  identical  with  deitro-glucosc.     (See  Glucose,  Suoaji,  and  UaDTE.) 

SZAC£ASX7Si  A  Tariety  of  augite,  intermediate  in  composition  between 
diollage  and  hyp^sthena,  found  in  the  Harzborg  forest  in  the  Han.  According  to 
Kohler's  analysis  (Pogg.  Ann.  xiiL  101),  it  contains  53*7  percent  silica,  26'\  mag* 
nesia,  ll'fi  ferrous  oxide,  3*7  wat«r.  1-3  alumina,  and  0'2  manganous  oxide.  Haas- 
man  n  {Sandb.  d.  Mineral,  u.  498)  regards  it  as  a  distinct  species ;  but  the  Luge 
mnonnt  of  water,  and  the  comparatively  low  degree  of  hardness  of  the  minerd 
(-.  3"6  to  4-0)  indicate  an  advanced  stage  of  decomposition. 

XIIAIIOCHZTI*.  Phasphoreisnisintcr. —  A  minerail  consisting  of  hydratcd  ferric 

Jhospliato  ami  sulphiite,  from  the  alum-slate  nearOrafenthal  and  Saalfeld  in  Thuringio. 
t  oraurs  in  ronifr»rm  or  stalactitic  masses,  with  Lorred  lamellar  stmctore  and  ooncboidal 
fracture.  Hardness  =  3.  Specific  gnivity  =  2  03,  It  is  transla(%nt  or  maqae,  with 
waxy  lustre,  and  wai-yellow  to  yellowish-brown  colour.  Streak  white.  Heated  in  a 
tube  it  give^  off  a  large  quantity  of  acid  water.  Before  the  blowpipe  it  swells  up  and 
ftises  on  the  edges  to  a  black  magnetic  scoria.  According  to  Plattner's  analjrsii 
{Rammdsherg's  Minerakhentit,  p.  360)  it  contains  14-82  per  cent  PK)*,  16-4  SO*, 
30-69  Fe*0»,  and  30-36  water,  agreeing  nearly  with  the  forrauk^  3Fe*0*.2P*(>»  + 

4(P0ri 
2(Fe'0».2SO')+  32H'0=  4(S0«)''[0»  +  32H«0.     When  heated  with  water  it  giTss 

up  12-6  per  cent.  SO*,  but  no  ferric  oiido, 

DXAOOnCXTZS.  An  electrical  apparatus,  intended  for  the  detection  of  adultera- 
tions in  olive  oil,  this  oil  being  said  to  have  less  electric  conducting  power  than  other 
fixed  oils.     (Ronsseati,  J,  Pharm.  ix.  Dee.  1833.) 

HXAGONTTfi.     Syn.  with  Brbwsterite. 

SXAGRYSIim.     An  obsolete  name  of  &eanimony. 

DZA^ZiACCS.  SchUifr-apar  (in  part).— A  variety  of  augite,  occurring  chieflv  in 
pabbro,  a  rock  closely  related  to  serpentine.  It  is  tliin-foliated  and  easily  cleavable; 
laminae  brittle.  Colour,  various  shades  of  green,  grey,  and  brown,  sometimes  hrooca. 
or  nearly  metallic.  Specific  gravity  Sll  to  3-227.  It  is  rdated  to  bronrite  and 
hypersthene,  but  is  di-Htingnished  from  thnm  by  the  large  amount  of  lime  which  it 
contains.  A  specimr-n  from  Odcrn,  analysed  by  D  elesse  (Ann.  Min.  [4]  xvi  34)  gav* 
49-30  per  cent,  SiO*,  17-61  Mg»0,  16-43  CaK),  9'43  Fe»0,  0*51  Mn'O,  6-fiO  AlHy, 
0  30  Cr^O*,  0-85  loss  by  ignition. 

(For  other  analyses,  see  liairiTTietjibcrg's  Mineraichermc,  p.  465.)  Dialkge  heated  in  ft 
tube  yields  water,  and  assumes  a  paler  colour ;  on  charcoal  it  fuses  with  difficulty  on 
the  edges  to  a  grey  slag;  with  borax  it  forma  a  glass  colour*'d  by  iron.  Bisc'hof 
{Chemical  and  I'hymal  Geology,  ii.  331)  regurtU  diallng<\  bronaiite,  and  bypewthcne 
ju  altered  aigites,  and  supposes  that  a  further  alteration  might  convert  then  into  M^ 
pentiae. 
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SZAXtXtAOrra.  SIA&XiOOrTB.  2»rai>OaZTS.  Nutire  carbonate  of  man- 
giuic»c  (L  789). 

]>XA.XXYXi-tntBA.    See  Carbautdz  (L  754)  and  Sixapounx. 

BZAXXr&umzss.  irramii.  C«H»N«0«-  N.C*H^'K)«.1P.  (Liebig  and  Wobler, 
Ann.  Ob.  Pbann.  xxrl  274.  313  and  323.)  — Laurent,  regarding  dialuric  acid  aa  dibasic, 
deriveadialaramidefrom  2  at  ammonia,  and  writes  it  C»H»N»0*  -  N*.C«H*N'0M1*. 

Tbifl  oonqiottnd  i*  fermrd  wben  aolutiooB  of  alloxantic  and  cbloride  of  ammoniiun, 
both  freed  from  air  by  boiling,  are  mizod  together ;  it  cryBtalliBcs  oat,  and  tLe  nioUicr- 
liqinor  eontains  aUoxan  and  hydrocliloric  acid  (see  Aixox^XTrN,  i.  139).  It  is  also  pro- 
puvd  bj  boiling  an  aqaeoua  solution  of  tbionuric  acid,  or  thionorato  of  ammonium, 
with  dilut«  bydrochloric  or  Holphuric  acid,  till  it  becomea  torbid,  and  olloifring  it  to 
cool ;  even  if  the  Bolution  be  not  concentrated,  it  aolidifica  to  a  crystollixie  magnui  of 
*jiaJnrainidi>7 
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n"-o  -  c*n»N»o«  +  H»so*. 


Bialniamlde  formo  white  hard  needles,  oaited  in  taits,  having  a  miky  lustre,  and 
taming  red  when  exposed  to  air  coutaioing  a  tzace  of  ammonia.  It  ia  insoluble  in 
cold  water ;  slightly  soloble  in  boiling  water,  whence  it  separates  on  cooUug.  Soluble 
in  c<ild  solphnric  acid,  and  precipitated  unchanged  hj  water;  soluble  in  cold  potash 
or  ammonia,  and  reprodpitated  bj  acidiL 

DKompotitiona. —  1.  Dialuramide  treated  with  miirie  add  erolvefl  nitmui  famea, 
•ad  fbrana  a  solution  which  yields  ailoxaa  oa  eraporation,  nitrate  of  ammonium  remain- 
iog  ID  aolotion : 

C^ITO'  +  O  =  C«H=NK>«  +  im>- 

2.  When  a  hot  dilute  solution  of  potath  is  )«aturated  with  dialuramide,  ammonia 
is  eTolred,  and  a  pal^vcllow  aolution  formed,  which  absorbs  oxygen  from  the  air, 
gradnally  becomes  purple,  and  deposits  gold-yollow  crystals  of  potasaic  purpomte.  The 
motber-Uquor  contains  olioxanate  and  meaoxalate  of  potassinm. — 3.  A  solution  of  dia- 
luramide in  ammonia  is  dccamposed  by  boiling,  tonus  purple,  and  on  cooling  deposits 
crjtt»i»  of  ammooic  purpurate  (murexide).  The  same  solution  mixed  with  sjqueoua 
ftlT"Tfm  yields  murexido.  Murexide  is  also  obtained  when  ar);cutic  or  mercuric  oxide 
ia  gradually  added  to  dialuramide  suspended  in  boiling  water,  the  metal  being  reduced, 
wikboot  evolution  of  gas,  and  n  purple  liquid  formed ;  the  slightest  oxceaa  of  oxide 
deookciaet  the  solution,  which  then  eontjiius  ammooic  alloxanate : 


2C<H»N»0»  +  O 


Murexide. 


H'O. 


4.  When  a  mlntion  of  dialuraroido  in  sulphuric  aeid  ia  diluted  till  it  beg^  to  be  turbid, 
and  boiled  for  some  tjtne,  the  water  being  renewed,  uramilic  acid  separates  on  cooling 
amroonic  sulphates  being  simultaneously  formed.  If  too  much  snlphune  add  be  preaent, 
no  uramilic  aeid  is  obtained. -»  5.  Dialurumido  heated  with  aqueoua  cf/attatt  ufpota*' 
»»««•,  is  converted  into pecudo- uric  add.  (Schlieper  and  Baeyer,  Pogg.  Ann,  cxii. 
79.) 

C*H*NK)»  -J-  CNHO  -  C^«NK)« 

Dialuramide.        Cyanic         Pteiido>ttrie 


uia. 


Kid. 


F.  T.  C. 


nZAliVmzc  .&CIX».  C*H«NK>*.  (Liabig  and  Wohler^  [1838]  Ann.  Ch. 
Pharm.  xxvu  276.) — This  add  ia  the  final  product  of  the  action  of  mincing  agent*  on 
alloxan.  It  is  formed :  1.  When  sulphuretted  hydrogen  is  passed  through  a  boiling 
aqueous  solution  of  alloxan  until  no  further  action  takes  place : 

C^H'N'O*  +  H»S  =  CH'N'O*  +  a 

Alloxan.  UUIarle  aeid. 

a,  Tooether  with  other  prodocta,  by  the  action  of  cyanide  of  ammonium  or  cyanide  of 
potaasiuiD  00  aqueous  alioxau : 


2KH0 


H'O 


Diolujlc  add.  Oxal.ui. 


C*H'KN'0« 

D1«Uir«i«  of 
pvUttlum. 


+  C»H«KN»0«  + 

OxJilumte  of 
(xMasiianh 


C0» 


(XP. 


DIALYSIS. 

TUe  hydrocyauic  add  clow  not  itself  enter  into  these  reivctiooi,  but  merelj  ictB  in  tbe 
mamiHT  of  a  fermeiit     (Strccker,  Ann.  Ch.  Pharm.  cxiii.  49.) 

Biiiltirio  acid  19  prepared  by  disaotring  dialorate  of  ammonium  in  warm  liydrocUone 
aoiii ;  dialoric  acid  cryatallisetf  out  on  cooling.  Dialorate  of  amraonimn  ia  thoa  pre- 
pared : — 1.  Bv  aatorating  with  nilphiiretted  hydrosea  a  boiling  aqneons  solution  of 
alloxan,  filtering  firom  deposited  sulphnr,  and  neutrdising  the  acid  filtrate  with  carbo- 
nate of  ammonium.  —  2.  By  treating  aqneoiu  alloxan  with  zinc  and  hydrochloric  acid, 
decanting  from  the  precipitated  aUoxontin,  and  addiog  to  Cho  solution  sufficient  car- 
bonate of  ammoDiam  to  rodiasolre  the  precipitated  hydrate  of  sine. — 3.  By  adding 
bydroculphate  of  ammonium  to  a  solution  of  uric  acid  in  dilate  nitric  acid,  tintil  the 
mixture  is  bor^^ly  aoid  to  Ut.inuj» ;  waahinj^  the  resoltin^  precipitate  with  cold  water,  dia- 
inilvinff  it  in  boiling  vmt^r,  and  neutraliwinR  the  solution  with  carbonate  of  ammoninm, 
when  ib  solidifies  into  a  crystalline  mass  of  dialorate. 

Dialarie  add  fbmu  colourle^  needles,  rcsembUng  those  of  alloxantiB ;  they  most  be 
rapidly  separated  from  the  mother-liquid  and  dried.  Th»»y  redden  litmos  strongly ;  they 
are  not  Tery  Boluble  in  water.  The  acid  neatmliseH  alkalis  complptely,  forming  definite 
Biilts,  dialurates,  which  arc  sparingly  soluble  in  cold  water,  and  in  the  dry  state  are 
permanent  in  the  air-  The  ammmtntm-aait  cryatolhses  in  silky  needles,  which  beeonte 
rose-coloured  when  dried  at  thi»  ordinary  temperature,  and  blood-red  at  100*  C,  being 
oonverted  into  purpurat*'  of  ammonium : 

2C'H»(NH«)N»0'  +  O  «  C«H*(NH«)N*0«  +  3H«0. 

Their  solutioa  reduces  Bilver-8.iJta.     The  barium^sali  ia  white. 

According  to  the  above  formula,  diifluric  acid  is  monobasic ;  Laurent'regards  it  as 
dibasic,  and  proposes  to  doable  its  formula. 

Decompositiana, — I.  An  aqueous  solution  of  dialuric  add  is  decomposed  by  biriHi^ 
oxalic  acid  and  other  product*  b^ing  formed. 

2.  Dialuric  acid  (aystdliaod,  or  in  aqaeooa  solution)  is  converted  into  alloxoatia 
by  expobure  to  th«  atr  (see  Axloxahtix,  l  13S) : 

2C*H*N'0»  +  0  -  C«H»N*0»  +  2HK>. 
AlloKiuitla. 

8.  Aqueous  dialuric  add  mixed  with  aqueous  alloxan  deposits  crystals  of  alloxan- 
tin: 

F.T.a 

DXAXiTBZS.  A  term  appKed  1^  Graham  to  the  separation  of  certain  substancrt 
by  iiquid  diffusion.  Soluble  Buhstances  exhibit  great  diversity  in  their  degrees  of  diffij- 
BiTtMnobility,  and  may  be  divided,  as  regards  this  property,  into  two  classes,  the  man 
difHisiblo  beinpr  cither  themselves  ciystallisable,  such  as  common  salt  and  sugar, « 
clotely  related  to  the  crystaUitie  class,  snch  as  alcohol :  hence  they  are  called  crystal- 
loids; while  the  less  diflftiaible  are  those  which  are  incapable  of  crystallising,  but 
exhibit  a  grt&t  tendency  to  assume  the  gelatinous  form;  these  are  called  colloid^ 
after  gelatin  (coiic),  which  laay  be  regarded  4.1 1  he  type  of  t  he  class :  among  these  may  be 
mentioned  hydrated  silicic  acid,  hydrated  alumina  and  other  scsqnioxides  of  the 
Aluminous  class  when  in  the  soluble  state,  also  starch,  dextrin,  gnm,  c&ramel,  tanuiju, 
alhnmin,  gelatin,  and  extractive  matters  both  animal  and  vegetable.  The  difiuaion  of 
these  bodies  is  extremely  glow. 

Now  it  JF  found  that  certain  gelntinous  substances,  such  as  starch-poate.  animal 
mucus,  pectin,  Payen's  vegetable  gelose,  and  other  colloidal  hydrates,  are  easily  po 
Dieable,  when  in  moss,  to  the  more  highly  diflfnaible  class  of  bodies,  but  offer  grett 
resiKton^e  to  the  passage  of  the  less  diB'usive,  and  are  completely  impervious  to  col 
loVdal  substunces  likotliemselvcs.  Hence  snch  substances  aflFord  an  easy  means  of  sepa- 
rating crj-st-alloYdal  from  colloidal  bodies,  when  the  two  exist  tt^ether  in  a  liquid :  a  mew 
film  of  the  jelly  is  sufRcicnt  to  produce the  separation.  A  very  convenient  sabstanoe  for 
the  purpose  in  the  vegetable  or  paper- pareLment,  obtained  by  immersing  nnsised  psper 
for  a  short  time  in  pulpbiiric  acid  of  a  certain  strength  (i.  819).  A  aheet  of  thisparcb- 
tnent  stretched  on  a  hoop  of  thin  wood,  or  frutta  percha,  forms  a  very  conveoient 
dialyser.  The  flnid  lo  be  dinlysed  is  poured  into  the  hoop  to  the  depth  of  alvntit 
half  an  inch,  and  the  whole  is  floated  on  water.  The  more  difiTusive  snbst^inees  thca 
pass  through  the  septum,  It-aving  thn  leas  diffusive  behind. 

When  a  mixture  of  sugar  tvnd  gnm  was  placed  in  the  dialyser,  f  of  the  sugar  passed 
throogh  the  membrane  in  24  hours  without  a  trace  of  tlie  gum.  When  a  aolotaon  cl 
silicate  of  sodium  mixed  with  hydrocblorir.  acid  was  treated  in  like  manner,  2  of  tbs 
silicic  add  was  left  upon  the  dijlyser  at  the  end  of  five  days,  without  a  trace  of  hydro- 
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chloric  wid  or  chloride  of  iodiMa.  Half  a  litre  of  urine  dialjned  for  24  liouw  gave  np 
aU  ite  cryttaUoXdid  constitunits  to  the  water,  without  a  trace  of  maeoiu  or  peliitinoiis 
UMitter,  00  chat  the  aqoAOU  fldntioii,  when  era{>or&ted,  left  a  white  maaa,  from  which 
tirea  was  extracted  b^  alcohol  in  ao  pure  a  etate  a«  to  appear  in  ci7«talliDe  tufta  when 
the  alcohol  waa  evaporated. 

The  dialytic  proceas  is  exceedingly  well  adapted  to  the  Bcparation  of  snenious  add 
and  other  metallic  poiaona  from  liquida  containing  organic  matter.  Milk,  deflbrinated 
blood,  aod  other  orgnnic  substanoea,  mixed  with  a  few  milUgramaies  of  araeuic,  and 
iotrodoced  into  the  dialyser  floating  on  water,  gire  op  the  greater  part  of  tJie  aiscnioua 
add  to  the  water  in  the  coone  of  24  hoora,  and  the  aifl^iaate  is  quite  free  from  organic 
matter,  ao  that  the  anenic  may  b«  immediately  precipitated  by  sulphjdrie  acid  and 
weighed  aa  lulphide.    [For  further  detaila,  see  laQuma,  Dcrrraiox  of.J 

TCAJULOWSTZBasc.  Many  aubatanoca,  K  g.  biaxnuth,  antimony,  tin,  cadmium. 
and  gold,  when  brought  near  either  pde  of  a  powerful  magnet,  are  repelled  from  that 
pole;  and  if  a  bar  of  each  a  tabetance  be  anapended  between  the  polea  of  a  horse-shoe 
nu^et,  or  the  oppoeite  pol^  of  two  bar  magnets,  it  places  itself  equatoruilh/,  or  at 
right  ang^  to  the  line  joining  the  two  poles.  Snch  bodies  are  said  to  be  diamag* 
netic,  in  contradistinction  to  magnetic  bodies,  like  iron  and  nickel,  which  are 
attracted  by  the  inagnet>  and  place  themselrea  axicdiy,  that  10  in  the  line  joining  two 
opposite  poles.  Diamagnetiam  does  not,  howcTer,  appear  to  bo  a  distinct  propertr  of 
natter,  the  true  explaaatioD  of  the  phenomenon  being  that  all  subet&ncea,  iiulnding 
the  air,  are  magnetic,  and  that  the  so-called  diamagnotic  substances  are  those  which 
are  leaa  magnetic  than  the  air,  and  oonscquently  when  brought  near  a  magnetic  pole, 
recede  from  it,  juat  as  a  balloon  recedes  from  Ihe  earth,  becaoae  it  is  less  attracted  by 
tlie  earth  tlian  an  eqiud  balk  of  the  surroanding  air.     (See  MAQKrrisir.) 

SXAACOWD.  The  purest  form  of  carbon.  It  is  almost  always  cr}iitalliacd ;  rarely 
Huuwive.  The  crystals  belong  to  the  regular  system,  exhibiting  the  simple  forms 
O.  dbO,  mOm ,  mOn  {fia:  14&,  161,  18<,  187)  more  rarely  cbOoo  and  mOx,  ifiga.  ISO, 
183),  and  the  combinationa  O  .  ooOoo  {fig.  161),  O  .  006  (^.  199  &c).  The  hemi- 
hedral  forma  of  0  and  mOn  likewise  occur,  the  former  especially  in  twin-ciystals  like 
fig.  321  (p.  160).  Twins  like  fig,  319  are  also  found.  The  crystals  usually  hare 
conrex  faces,  the  convexity  being  Bometimes  eo  ^;reat  as  to  give  them  the  appearance  of 
rounded  grains;  they  arc  often  distorted  and  uregulor,  generally  implanted  singly, 
■omedmes  grown  together  in  crystalline  aggregates.  Cleavage  octahedral,  perfect. 
Fracture  conchoidaL  The  diamond  has  a  dpecific  gravity  of  8-6  to  3'6,  and  ite  hardness 
(denoted  by  10)  ia  the  highest  known.  It  is  colourless  or  white,  tinged  occasionally 
with  yellow,  red,  orange,  green,  brown,  uv  black ;  transparent,  or,  when  dark-colourea, 
tmnalucent.  Ita  lustre  is  that  known  as  adamantine.  When  nibbed,  whether  in  the 
rough  or  polished  state,  it  shows  positive  electricity.  It  becomes  phosphorescent  on 
exposure  to  the  sun  or  the  electric  spark,  and  ahines  with  a  fleiy  light.  In  its  power 
of  refmcting  light  it  is  exceeded  only  by  red  lead  ore,  and  oipiment  Its  indeoc  of 
refraction  is  2439.  It  reflects  all  the  light  fdliog  on  its  posterior  surface  at  an  angle 
of  incidence  greater  than  24°  13',  whence  its  great  Inetre  is  derived.  Artificial  gems 
reflect  only  the  half  of  this  light  Diamond  ia  insoluble  in  all  liquids,  and  infusible  even 
before  the  oxy-hydrogen  blowpipe ;  in  the  flame  of  the  oxygen-blowpipe  it  bums  away, 
produdng  carbonic  anhydride,  and  leaving  only  a  ver}'  tnfling  resiaue  of  ush.  Sir  H. 
^^lAavy,  in  1814,  first  showed  that  the  diamond  consists  of  pure  carbon,  by  burning 
^■H^ionda  in  an  atmosphere  of  pure  oxygen ;  and  his  conclutuon  has  been  confirmed  by 
^^lEaEperiments  of  Dnmaa  andStas  (Ann.  Ch.  Phys.  Ixxvi.  1)  and  of  Erdmann 
and  Marc  hand  (J.  pr.  Chem.  xxiil.  159)  made  with  larger  quantities  of  diamond, 
and  with  attention  to  every  condition  neceasaiy  to  ensure  accuracy. 

Diamonds  are  found  chiefly  at  Minaa  Oeniea  in  Braeil :  in  the  Ural;  in  India,  at 
Pnrteal  between  Hydcmbad  and  Masulipat«ii),  whore  thr  fumous  Kohinoor  was  found, 
also  near  Parma,  in  Bundelcund-  A  few  also  have  been  found  in  Borneo,  in  Georgia 
and  North  Carolina,  and  on  the  banks  of  the  Toron  in  Australia. 

The  diamond  appears  generally  to  occur  in  regions  which  afford  a  laminated  granular 
quartK-rock  called  ilacolutnite,  which  belongs  to  the  taJcoM  Berie«,  and  owes  its  lami- 
nation to  tt  liltlo  talc  or  mica;  this  rock  occurs  at  the  mines  of  Brazil  and  the  Urals, 
also  in  Georgia  and  North  Carolina.  Diamonds  have  aLao  been  detected  in  a  specitv 
of  conglomeratecomposed  of  rounded  siliceons  pebbles,  qtuirta,  chalcedony,  &c.,  cemented 
by  a  kind  of  ferruginous  clay.  At  Minas  Oeraes  in  Bnril,  the  diamond  is  found  in 
two  different  deposit* ;  one  called  gurgutho,  consisting  of  broken  quarta  and  covered 
by  a  thin  bed  of  sand  or  earth ;  the  other,  cascalho,  of  rolle<l  quartz  pbblea  united  by 
a  ferruginous  day,  restinir  nsoally  on  talcone  cIiia'p,  the  whole  hnnj:  the  debris  of 
takose  rocks.  The  fir^t  dcj-oeit  yields  the  finest  diamonds,  and  bcth  contain  also 
gold,  platinum,  magnt-lif  inm,  njiilc,  &c. 
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The  most  highly  ralued  diainonda  are  tliosi>  vhieh  jir»»  c<^lourles»  and  peiffrth 
transparent;  but  to  give  them  tho  peculiar  biillianpy  for  which  they  are  chieflj'  prired, 
it  is  necessary  to  cut  or  grind  tbcm,  in  n  pcc^uiiax  vruy,  00  that  the  light  fkllins  on  tha 
gem  in  any  direction  may  be  perfectly  reflectod  from  one  of  its  loirer  faces.  A  diamoad 
may  be  split  by  a  8t«el  tool  in  tbe  cJijection  of  the  natural  cleavages ;  but  tut  this  don 
not  give  the  means  of  producing  fucea  in  any  direction  that  may  be  required,  it 
becomea  necesaary  to  rcflort  to  the  proceaa  of  abrasion,  techmcally  called  "  cottin|5." 
This  is  effected,  either  by  mbbmg  two  diamouds  bard  against  each  other,  or  by 
tjreaaini  the  diamond  against  a  rapidly  revolring  ste^l  disc  coTfTed  with  diamond 
diist;  uiis  last  meUiod  serres  alw>  for  poHohing.  The  dost  for  this  pmpoae  is 
obtained  either  in  the  process  of  abrasion,  or  by  pounding  rough  diamonds,  which  ars 
too  opaque  and  highly  coloured  for  gems,  in  »  steel  mortar.  Such  diamonds  are  called 
"  bort"     Diamond-duHt  ia  much  used  also  for  cutting  and  polishing  other  gems. 

There  an?  two  formH  given  to  cnt  diamonds,  the  brilliant  and  the  rose.  The 
rose  ia  fiftt  on  the  lower  surface,  while  tho  opper  portion  is  fashioned  into  a  pyramid 
of  twenty -four  facets.  The  French  brilliant  oonaiBtB  of  two  truncated  pyramids  placed 
base  to  base :  the  upper  portion,  called  the  pavilion  or  ervvm,  is  half  ns  thick  as  the 
lower,  and  terminates  in  a  broad  face,  called  the  table^  which  hss  half  the  diameter  of 
the  entire  stone  and  is  surrounded  by  triangular  and  rhombic  faces ;  the  lower  part  of 
the  brilliant,  eallpd  the  ni^a^^ir,  is  pyramidal  and  terminates  in  a  faco  having  )  the 
diameter  of  the  stone.  (For  farther  detaili!  on  these  forms,  and  on  the  method*  of 
cutting  and  polishing  diamonds,  see  Ur^s  Diciixmary  of  Arts,  Manufactures,  and  Aftrus^ 
a.  21.) 

The  weight,  and  consequently  the  Talao  of  diamonds,  is  estimated  in  carats,  one  of 
which  i«  equal  to  four  grains ;  and  the  price  of  one  diamond,  compared  to  that  of 
another  of  equal  colour,  transparency,  purity,  form,  &c,  is  as  the  squares  of  the 
rMjpectivo  weights.  The  average  price  cf  rough  diamonds  that  are  worth  working;  is 
alx»ut  £2  for  the  first  cjirut.  The  value  of  a  cut  diamond  being  equal  to  that  of  a 
rough  diamond  of  double  weight,  exclusive  of  the  price  of  workmanship,  the  cost  of  a 
wrought  diamond  of 


1  carat 

is 

£S 

2      „ 

•I 

2»  X  i!8    =         32 

3     .. 

II 

3«  X     8   =-         72 

4     .. 

II 

4^  K     8   ^       128 

100      ., 

n 

100*  X  £8   =  80,000 

This  rule,  however,  i»  not  extended  to  diamonds  of  mnre  than  twenty  carats.  TBe 
laiger  ones  are  disposed  of  at  prices  which  cannot  be  reduced  to  any  fixed  rale.  The 
snow-white  diamond  is  meet  highly  prized  by  the  jeweller.  If  transparent  and  pore, 
it  is  said  to  be  of  the  first  water. 

The  hardnesa  of  the  diamond  renders  it  very  usefnl  for  engraving  and  cutting  ghua. 
The  shttrp  jKiljit  of  a  natunil  di;tmond  wIU  scratch  glass,  but  the  cutting  is  efRseted  by 
the  curved  edges  formed  by  the  intersection  of  the  convex-faces ;  such  an  edge  peoe- 
trntcfl  the  subirtjince  of  the  glass  like  a  wetlge.  Wollnston  showed  that  ntbira  and 
supphires  ground  so  as  to  hiive  curved  e<1gcs  will  cut  glass  jiist  like  a  natural  diamond; 
00  ly,  being  inferior  in  hardDcss,  tbey  wear  out  sooner. 

The  diamond  is  supposed  to  have  been  formed  by  the  slow  decomposition  of  loae 
vegetable  or  bittimiaous  material.  Numerous  8tt4?mpts  have  been  made  to  produce  it 
nrtificially,  Oannal  supposed  that  he  had  obtained  diamonds  by  decomposing  sulphide 
of  carbon  with  phosphorus.  Recently,  Desprets  states  that  he  haa  obtained  micro- 
Hcopic  octahedrons,  having  the  hardness  of  diamond  dust,  by  the  prolonged  action  of 
an  induction-current  on  sugar-churcoal ;  also  by  the  action  of  an  electric  coirent  con- 
tinued for  six  months  on  one  of  the  chlorides  of  carbon  (not  particnlArly  specified) ; 
warty  bodies  are  said  to  have  been  thus  produced,  nearly  as  hard  as  those  just  nea- 
tjoned  and  exhibiting  shining  frtces.  Artificial  diamonds,  if  thev could  be  prepazed  at 
a  moderate  cost,  would  be  very  useful  for  the  grinding  and  polishing  of  gems,  g^ssa, 
nnd  other  hard  bodies.  Diamond  dust  is  found  to  give  a  finer  edge  to  cutlery  than 
cm  be  obtained  by  the  use  of  any  other  material,    (Handw.  2**  Aufl.  ii.  [3]  431.) 

BZAJtA.  The  name  applied  by  the  older  chemists  and  alchemists  to  silver;  henee 
the  dendritic  amalgam  precipitated  by  mercury  from  a  solution  of  nitrate  of  sUver  WM 
called  Arhor  Diana. 

SXASrxC   ACIS.    Von  EobeU's  name  for  an  oxide  which  he  obtained  from  t 
tantalite  of  Tammela  in  Finland,  the  6aroaK<kite  of  the  Ilmengebirg,  and  other  1 
minerals,  and  supposed  to  contain  a  met-al  different  fr(tm  tjvnt«lum  and  niobimn- 
oxide  after  boiling  with  wat^r  waa  sjiid  to  be  less  soluble  in  water  than  tantalic  <. 
Uyponiobic  acid,  and,  when  erparatcd  from  its  potaeh-soktion,  and  treated  with  US' 
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tuQ  and  bydrochloric  acid  in  oprtain  proportions,  to  form  a  dork  bine  liquid  irhich 
became  Bapphiro-bltt«  on  addition  uf  a  small  quantity  of  wat«r«  According  to  H.  Rose, 
DariUe,  ana  Damoor,  bowever,  tlie  so-ciilled  diunic  acid  doe^  not  differ  eteentially  from 
the  acida  of  niobium.  Bom  attribut«6  the  charactors  oboerred  by  Eobell  to  the 
pwenow  of  a  amall  qoantity  of  tongatic  acid. 

JUAXTTTIB,    Von  KobcU's  name  for  the  tantalite  of  Tammek  in  Finland. 

Z>ZAPBAM-ITE.    Syn.  with  DiFaxirm. 

OXAPHORXTS.    Rhodonite  or  silicate  of  manganese  mixed  with  quarts. 

BZASPO&B.  Laminated  Hydrargyllite.  —  Native  monohvdrate  of  alamtna, 
A1*H0*,  or  Al*0*.H'0.  Ocean  crystalliaed  in  orthorhombic  prisma,  exhibiting  the 
fiiOf«  a»P.aD^3.  001^4.  «>¥*«o.  2P2.2PC0  (Marignac  and  otheje).  Inclination  of 
aoP:«P  -  130='2'(Dufr<noy,  Oompt  xend.  xixi.  186);  -  130°  30' (Shepard, 
SilL  Am,  J.  [2]  xii.  216) ;  -  129*  82'  (KeDgott,  Wien.  Akad.  Ber.  ix  610) ;  P  :  P 
in  the  brachydiagonal  principal  section-  161"  26'  (Dufr^noy);  =  IfiS*"  3U' 
(Shcpard) ;  =  15l«  3G'  (Marignae,  Arch.  Ph.  nat.  vi.  296).  P  :  ooP  in  uU  diree- 
tion«-126oir(Dafr^noy);  =126®  (Shepard).  Ratio  of  axea  a  :  6  :  c  -  0*8fH8  : 
1  :  0''I68  (Mari(;nac).  The  cryatals  are  usoally  flattoned  OTisnia,  aometimee  a<?i(nilar, 
cotnmody  implanted.  Cleavage  very  diatinct  parallel  to  acPoo  ;)  lesa  distinct  pantUel 
to  obP2.  It  occurs  alao  foUated  maamTe.  Specific  gravity  3-i52  (Dufr^noy). 
Hardness  •-  6'6  to  7.  Colonrleas,  yellowiib,  sreenish,  or  blai^h ;  transparent  to  sub- 
tranaluoent.  Lustre  brilliant  and  pearly  on  rae  cleavage-planes;  vitreotu  elsewhere. 
Veay  brittle.  Givea  off  water  when  neatcd  in  a  tube ;  is  inftisible  before  the  blowpipe ; 
turna  blue  when  moistened  with  cobalt-solution  and  ignited.  Not  attacked  by  acids 
after  ignition. 

Analygn. — a.  From  Schemnita  in  Hungary  (Lowe,  Pogg.  Ann.  Ixi.  307);  k  from 
Miask  in  Siberia  (Hesse,  i^d.  xviiL  255);  c.  from  Oumnch-dagh  in  Asia  Minor 
(J.  L.  Smith,  Sill.  Am.  J.  [2]  xL  68) ;  d,  f,  from  Siberia  (DufrAnoy,  Ann.  Min.  [8] 
X.  677,  1837): 

A1*0«  H*0  FeH)    Fe*0»    SiO*    Ca'O    Mg»0 

a.    .     86131  1600 -  100131 

*.     .     86-44  14-60 =100 

C    .    83-12  14-28  0-6fi       .       .     03^     tracses    traces  -     9888 

i.   .    78-93  1613  0-62      .      .     1-39      1-98      .      .    -    97-96 

t,    ,    74-66  14-68  .      .        4-51     290     .      1*64       .    -     9829 

Thr  formula  A1*0*.H»0  require«  851  altunina  and  14-9  water. 

IHaspore  occurs  in  chlorite  slate,  near  Eoroibrod,  distn(>t  of  K:itherinenbarg  in  the 
Ural,  and  at  Scbemnite,  in  Teins  between  dolomite  and  limestone ;  also  at  Broddbo, 
near  Fahlun,  Sweden ;  with  corundum  in  dolomite  at  St  Gothard :  at  Gumuch-(bigh  and 
Mansen,  Asia  Hitior,  and  in  the  Grecian  islands  Nazos,  Samos,  and  Nicaria,  with 
emery.  (Dana,  ii.  128.—  Jahreeber.  d.  Chem.  1847—8,  p.  1163;  1860,  p.  708 ;  1861, 
p.  7G3  :  1866.  p.  792;  1860,  p.  763.) 

SZA8TA8B.  (Pay en  and  PersoB,  Ann.  Ch.  Phys.  [2]  Bl  73;  Ivi.  237;  Ix. 
441 ;  Lri.  361.— Gu^rin-Varry,  iftid,  Ivii.  108;  Ix.  22;  bd.  22.— Bouchardat,  thid. 
[3]  xrr.  61.) — The  substance  to  which  malt  or  germinated  barley  owca  iU  property  at 
oonTerting  starch  into  dextrin.  It  doea  not  exist  in  all  parts  of  th«  germinated  grain 
being  often  abeent  in  the  radidps,  and  generally  most  ubundHnt  near  the  plumule.  It 
exists  in  the  tubercles  of  the  potato  near  their  points  of  insertion,  but  not  in  the  rnota 
or  the  shoots.  It  has  also  been  found  in  tlie  buds  of  Aihntut  gtandiUota*  Neither 
potatoes  nor  cereals  contain  diastase  before  germination. 

To  «;xtract  diasftaae,  malt  is  treated  with  water  at  25^  nr  30°  C,  which  dissolves  the 
diastase,  togeUier  with  an  axotised  substance.  The  solutioa  is  then  heated  to  70°  C, 
in  order  to  coagulate  the  azotised  albuminous  snbstunee,  and  the  dinstaM>  is  prcripitated 
by  absolute  alcohol.  It  is  purified  by  redissolving  it  in  wat<r  and  nprecipitating  by 
aicohol.     The  proportion  of  diastase  m  malt  does  not  exceed  0002  to  0003  per  cent, 

XHastase  is  a  white  amorphous  substance,  insoluble  in  absolute  alcohol,  soluble  in 
water  and  in  weak  nlcohol.  Jt»  aqueous  solution  is  neutral  to  test-paper,  has  no  de- 
cided taste,  and  is  not  pivdpitated  by  basic  acetate  of  lead.  Placed  in  contact  with 
starch  at  70°  C.  it  quiddy  disorganisee  that  substance,  and  convtrti*  it,  first  into  dex- 
trin, then  into  plucose.  Accordinp  to  Payen  and  Pcrsoz,  1  pt  of  well-prepared  diastase 
is  sufficient  for  the  conversion  of  2000  pts.  of  starch,  llie  solution  of  diastsse  quickly 
alters,  turning  acid,  and  losing  its  power  of  converting  starch.  The  same  decom- 
position takes  pliicc,  thouj^h  slowly,  in  dry  diastase ;  on  boiling  it  with  water,  the  de- 
composition is  inatantan(?ou.<i. 

Diastase  has  not  been  obtained  in  a  state  sufficiently  definite  for  analysii.    According 
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to  Ptyen  and  Popsoz,  it  contitias  less  nitrogvn  th«  moi*^  carefullj  it  hjw  been  pr*. 

red.    Acoording  to  BoacUurdat,  tho  convenioo  of  sUrch  ioto  glacoM  majr  aim 
effected  bj  contact  with  putrid  fleah,  beer-yeast,  gHstric  juice,  and  animal  mem- 
branes, vhich  seems  to  imply  that  diastase  is  not  a  peculiar  principle. 
The  action  of  diastase  on  starch  is  completely  prevented  by  nitric,  sulphuric,  pfaos- 

fhoric,  hydrochloric,  oxalic,  tartaric,  or  citric  acid,  also  b^  caustic  potash,  so«la,  or 
ime,  sulphate  and  acetate  of  copper,  mercuric  chloride,  nitrate  of  silver,  aloxa,  and 
ft>rric  sulphate.  It  is  retarded  more  or  less  by  formic  acid,  arsenious  acid,  magnesis, 
Btninotiia,  and  alkaline  carbonates ;  slightly  al«o  by  acetic  acid,  hydrocvanic  acid, 
strychnine,  quLniue,  mor^thine,  and  their  salts.  Essential  oUs,  creosote,  alcokol,  aod 
ether,  exert  no  retarding  influi-nce.     (Bouchordat.) 

SZAST&BB,  AZrzitXAXi.  Diastase  snliwtirf. — A  .sul-«tdnce  precipitated  from 
Buliva  hy  ak'oh<>l,  and  sii{i[M>!«ed  to  in-  the  ai'five  fermentinjf  principle  of  the  saliva.  It 
does  not,  however,  c'oiivert  btarch  into  deitrin.     (Mialhe.) 

SXASTASXTS.     A  black  rariety  of  amphibole  &om  Nordmarken  in  SwedttD. 

DXATERzaic  ACZ9.    See  TiBBBio  Acid. 

]>ZATBESMAir07B.  A  term  applied  to  bodies  which  transmit  heat  in  the 
same  maniior  as  trausparent  liodies  trani-ntit  light..     (See  Heat.) 

SXA£o-coMFOUmi8.  See  Nithous  Aan,  SrBSTirrrio.x-pBODi-LTS  foaveo 
irr;  — ttli<o  Oxy-akisajuc,  OxY-SEsaAStic,  OxT-citMiXAsnc,  and  OxT-TOi.L-Yi.aioc 
AtiDs;  —  also  Phsmoi.; — also  PHEjrrL-  and  ToLfYt-DUXOiBa, 

BICBKOZSM,  The  property  exhibited  by  manpr  doubI&-Te£racting  crj-stals,  of 
exhibiting  different  colours  when  vioved  in  different  directions. 

SZCKSOZTB.     Cordicritf,   lolitr,    StrinhnliU,   Hard  Fahlunit*,  Sapphire  <f mu, 

Petiom,  Spanish  La^itf.  2Mg*O.SiO^  +  2^ Al«  ;Fe«)0*.3SiO»  »Mg*SiO\3(a/  :/e)*SiO*. 
—  A  raineml  occurring  in  prisma,  often  hexagontd,  belonging  to  the  trijnetzie 
system;  ooP  .  oat's.  » Poo  .  uP,  and  sometiwos  other  faces.  «»P  :  ooP  =  60*  60'; 
oof  00  oo?3  =  120  50'.  Cleavage  indistinct,  parallel  to  oP  and  ocf  oo .  Often  ia 
crystalline  grains;  also  massive,  compact.  Specific  gravity  =  2  6 — 2*7.  Hardness  = 
7"0 — 7*6-  Colour  bluish- white  to  blue,  sometimes  smoky  blue  (then  called  peli\'/n\ : 
often  deep  blue  along  the  principal  axLs,  and  brownish-yellow  or  yellow-grey  at  right 
angles  to  it.  Streak  uncoloured.  Transparent  or  translucent.  Fracture  suU-on. 
choi'dal. 

When  hoati>d  it  gives  off  a  small  qnantity  of  water.  Before  the  blowpipe  it  lost-s  ils 
colour,  and  melts  with  difficulty  to  a  glnss.  It  dissolves  in  borax  and  in  phosphoric 
sjilt^  leaving  ia  the  latter  case  a  akeleton  of  silica.    It  is  but  slowly  attacked  by  acids. 

Jnalnei.—l,  2,  3,  Stroraeyer  (Pti^rrwcAunyoi,  329,  431,-4,  6,  Schuta  (Pogg. 
Ann.  liv.  66fi). — 6.  Scbeerer,  ihid.  Ixviii.  319,  mean  of  two  analyses). —  7.  Thomson 
{Mmeratogyy  i  278). — S.  Jackson  {Grd.  livport  o/ Hew  Hampshire^  184): 


L.  Bodenmais 

2.  Greenland  . 

3.  Fahlun 

i.  OatgotLlaod 
A,  SttdBnsajuluid 


SiO«     Al'O'  Fe*0»  Mn-0  Mg'O  Oa*0   KHD     H»0 
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49-17 

60-25 

48-6 

49-7 


31-7tJ 
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32-42 

30-5 

32-0 


€-24 
4-82 
4  45 
11-9 
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0-33 

0-04 

0-76 

01 

01 


10-16 

11-45 

10-86 

8-2 

9-6 


0-69 
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« 100-37 

1-20 

-  99-78 

1-66 

-100  39 

l-fi 

-100  8 

2-1 

«100l 

1-02 

»  9931 

. 

«101*J| 

060 

->10(Hi 

.  60-44  32-96  1-07  .  .  1276  1-12  . 
7.  Haddam.  Conn.  .  49-62  2872  12-86  ISl  864  023  . 
B.  Unity,  Make      .     4815     32-60     8-80     028     1014      .    .     . 

Dichroite  occurs  in  granite  at  Cabo  dp  Gata  in  Spain,  at  Arcndal  in  Norway,  i 
Oryerfri  in  Finland  {Stnnkeilitt),  at  Tiinaberg  in  Sweden,  and  other  localities;  i^ 
quartz  at  UjordlersoiUc  in  Greenland,  in  gneiss  at  Haddam,  Connecticut,  and  Brinfirld 
Massachtisetts.  The  smoky  blue  variety  called  peliom  is  found  at  Bodcnmais  in 
Bavaria,  sometimes  in  perfect  crystals  IJ  inch  thick.  Dichroite  issomptimes  used  wa 
gem.  A  transparent  variety,  called  Sapphire  d'rau  by  jowellenj,  is  found  in  small  rolled 
masses  of  deep  blue  colour  in  Ceylon.     (Dana,  ii.  214  ;  Raromelsberg,  p.  "66.) 

Hfidroua  Dichroite. — Dichroite  alters  so  readily  by  exposure  that  it  is  commonly 
found  in  the  altered  state,  or  as  a  nucleua  enclosed  in  a  crust  of  the  altered  mineral. 
The  change  eoosista  either  in  a  simple  hydration,  as  in  Bonsdorffite  from  Abo,  Eannr^ 
kiU  from  Brevig  in  Finland,  ChlorophtflHtf  from  Unity  in  Maine  and  Haddam  in  Cod* 
necticnt,  and  PrmeoUte  from  Brakke  in  Norway.  —  or  in  the  removal  of  part  of  the 
protoxides  by  carbonic  acid,  —  or  the  introduction  of  oxide  of  iron  through  carlx>nat« 
of  iron,  or  of  alkalis  throDgh  wateni  containing  alkaline  carbonates. 


DI-COMPOUNDS  —  DIDYMIUM. 
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The  eotnpoflitiofD  of  the  hydroun  diVhroltM  formed  bj  simple  Iijdration,  ia  u  foUowi: 

SQi  A1'0>  r««(P  MgSO  H'O  Mo«0 

B«ii*d<»r«lt*       .  4S  Oft    lo-m    »-U     9^    10  60    tr»c« «  iro 

Chlorophylhta  ,  4S-10  SM»  •««  9  ItD  9-«0  4-(«  P*0^  tran  .  .  .  .  b  9i-n 
E«m«rliite  .44  97  SiOt  SU  In-M  V49  0*1  C.t»0.  Pli.  Cu.  Co.  T1 0-«  .  s  9(1  (W 
Pra»eolit»  .        .  40-94    « 79    W$    I1-7*      7M    0-31    l*b*0.  Cu*0,  Co«0,  C4.»0  0  M)  «    9«fia 

Draotiiig  dieliKirtp  by  D,  bon«Klorffiti>  «  D  +  3aq. :  chlorophjrllit*  —  D  +  aq.;  esmar- 
lbt«  ■■  D  •♦■  l}aq  ;  pnweoJiie  =  D  +  l^oq.  (Dann,  ii.  216).  fee  dao  Aspasick 
UTB.  Fi^Linrm,  QiokirroiseM,  Hubonitb,  luiRm,  LmnmuTi,  Pimitb,  Ttsutnaw 

tlTB,  WBttalTB. 

SZ-GOncPOxrwsB.  In  thii  Bictioniiry,  tba  ayllable  di,  preRxeA  to  the  namp  of 
■  rtidiolc  occurring  in  any  compound,  d^notos  that  the  compound  in  qae«tion  contains 
two  atoms  of  that  radicle;  r,  ^.  di-chloridc  of  tin  »  SnCl' ;  di-oxide  of  tin  • 
8ttK)«;  di-aodic  phoapbate  -  Nft»HPO' ;  di-ethylamine  =  N.H.(CH»)';  di* 
•tbylenic  alcohol  »(C*H*)*.H»,0*.  The  prefix  bi  is  oft^n  ra«ed  in  the  aame  aana*, 
{See  NojCBxcLAnntB.) 

Indiridual  di-componnda  are  described  under  the  Brrenl  general  hesdingti,  e.  g. 

IlhfhJoridf.  of  Tin,  under  Tin,  Chloribm  of;  Disodic  Fhotpkate,  tinder  Phosphati 
or  SoDHTX ;  Diethylamifu,  under  ErffTLAKms,  &c 
saCTAanms  AXBITS.— The  root  of  this  plant,  which  i«  the  only  European 
spooii's  of  Dio^moa.  wan  formerly  used  as  a  rermifiige ;  it  ia  rcBinoui*,  bitter,  and  aro- 
j^tic:  the  roi~>t-bdrk  was  aaid  to  be  pc^culiarly  effleacious. 
—  BZDKXMTTS  or  9IOT1IKXTS.  A  mineral  from  the  Zillerthal  in  the  Tyrol. 
"baTing  the  HHpect  of  miiTOcrrstalline  talc.  SDpcific  gftivity  «=^  '276.  Contains  40*69 
])er  cent,  ailica.  1816  alumina,  22*74  lime  and  carbonic  unhydride.  11-16  potash^  1-2 
iMwla,  6-26  ferric  oxide,  and  080  water.  (Kengott,  Handw.  d.  Cbem.  2"  aufl.  ii. 
[3J  437.) 

snyTHmnC.  Sji^hnl  Di.  Atomic  weight  48.— Tins  metal,  discofered  by  Mo- 
sunder  in  1841  (Pogg.  Ann.  Iri.  d04),  exists,  together  with  cerium  and  lanthanum,  ifi 
ctritc,  allanite,  orthite.  yttrc»crritc,  Cryptolite,  and  a  few  other  minerals  (i.  831);  it  is 
not  found  in  nature  in  the  free  state,  or  eVen  as  a  pni«  oxide,  sulphide,  or  other  com- 
pound, but  always  associated  with  cerium  and  lanthanum.  Its  compounds  greatly 
reaembla  those  of  lanthanum,  and  are  rery  difficult  to  sejmnite  therefrom  :  beitee  tba 
mune  didymium  (from  iiSttfiat,  twin).  The  compounds  of  diilymium  have  hecn  inres« 
tigated  by  Moaauder  {loc.  eit.\  Watts  (Chem.  Soc.  QiL  J.  ii.  131),  morf>  pspe* 
dally  by  Marignac  (Ann.  Cb,  Phys.  [3]  Xxvii.  209;   xxxriii.  148),  and  recently  by 

»K.  Hermann  (J.  p.  Chem.  Ixxxii.  386). 
A  pure  salt  of  didymium  is  obtain<'d  by  recrystaUising  the  rose-coloured  rhombohe- 
drons  whieh  separata  from  an  acid  solution  of  the  mixed  aulphafes  of  lanttianum  and 
didymium  by  spontaneous  eraporation  (see  LAjmiANrM) ;  and  from  the  pure  ttulphate 
thus  prepared,  the  other  compounds  of  the  metal  may  be  formed. 

Metallic  didymium  is  preparetl  by  heating  potjissium  with  an  excess  of  chloride  of 
didymium,  and  washing  oat  the  soluble  chbridcis  with  cold  wat«r»  It  is  thus  obtained, 
for  the  most  part,  an  a  grey  metallic  powder,  but  parfly.  ulso.  in  ftjwd  globula.  Tba 
powder,  thrown  into  the  tlamc  of  a  spirit-lamp,  burns  with  bright  irparks  like  tron-fllings. 
The  powder  di-composes  water  at  ordinary  temperMtnrfs ;  the  fused  granules  do  not : 
in  either  form,  however,  the  metal  dlsaolves  rapidly  in  dilute  acids  with  evolalion  of 
hydrogen. 

But  fpw  of  the  compounds  of  didvmium  have  yet  been  examined.  It  forms  a  prot- 
oxide, l)i*0,  and  a  protochloride,  BiCl,  and  a  class  of  oxygen-salts  of  corresponding 
»conip(>!«ition. 
I>1J>IM1UJM,  CBXtOHrSB  OF,  DiCl,  is  obtained  as  a  hydrate  in  rose-coloured 
crystals  of  considerable  size  by  ev-ii[)oratinp  a  solution  of  the  oxide  in  hydrochloric  acid. 
The  cxystak,  which  are  very  solnblo  in  wafer  and  alcohol,  contain  DiCl.2H*0.  Tho 
aolation,  when  evaporated,  gives  off  hydrochloric  acid,  and  leave*  an  oxide,  not  howevet 
of  constant  composition  (Marignae).  According  to  Hermann  it  leaves  an  oxy- 
ehloride. 

SZSTMXmit,    SBTSCTfOV   AW1>   aSTXMATXOV   OF*     The    $edtt  of 

didtfrnium  hnvo  cither  h  jmre  rose-colour,  like  the  sulphate,  or  alightlj  inclitiing  to 
violet,  like  the  nitrate  in  the  state  of  strong  solution.  Potash,  »od4i„  and  ammonia 
precipitate  the  hydrate;  so  does  sulphide  of  ammonium.     Carbonatt  of  barium  also 

•  throws  dni»Ti  the  hydnited  oxide  slowly,  hut  complet«>ly.  Oxalate  ofammtmivm  pr*- 
cipitiifM  ilidyniitini  r<impletely  from  neutnil  solutions;  and  nrolie  addtlmott  COM* 
pU'tely,  unlcns  the  .vilution  coiUainR  a  Ijirge  excess  of  itcid.  The  mUpKattt  of  fotat" 
Niim,  todium^  and  awMOKimn  form,  immediately  \\\  strong,  and  gradually  in  weak 

Tot.  a  X 
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BolnbtoiMi  rc«e--white  precipitates  of  double  aulphflteo,  slightly  soluble  in  w»lc^  \m 
soluble  in  ex<.K>S8  of  the  reugcnt ;  tlip  unliiun-salt  is  (Jje  Jetwtt  soluble  of  t)ie  tluvb 
Fhotphoric  andaricwtc  (wieU,  ut  a  boiling  heat,  form  precipitstes  sparingly  soluble  in 
Acids.  All  coTuponnds  of  didymium  impart  to  borar  and  pkotpkorus-^aXt  a  vety  p»le 
roee-colour.     Tiiey  do  not  colour  carbonaite  of  sodium  before  the  blowpipe. 

According  to  Gladstone  (Chcm.  Soc  Qu,  J.  x.  319),  didyrnium-salts  «re  easily  re- 
cognised in  solution  by  speotrol  anolyMS.  When  a  ray  of  light,  after  paRsing  throoiA 
such  a  solution,  is  examintKl  by  a  prism,  it  is  found  that  the  yiolet  rays  are  oof  '  -  * 
absorbed  by  a  solution  of  nitrate*  of  didyminm,  but  not  by  the  chloride  or  t 
All  thr«'o  solutions,  however,  form  a  spectrum  contjiining  two  black  lines,  inc 
Tcry  bright  portion  of  the  spectrmiu  One  of  these  blaci  lines  is  in  the  yellon 
diately  following  Frauahofer's  line  D ;  the  other  is  situated  between  £  and  b.  TheM 
characters  can  be  distinctly  recognised  in  a  solutioa  half  an  inch  deep,  containing  only 
0-0 1  per  cent,  of  didj-mium-salt, 

QuanUiatim  e9ti/Haiu>n  of  Didymium.  —"Diiymmni  is  precipitated  teom  its  •olutioofl 
by  potash,  and  the  prpcipifjkte  is  converted  by  ignition  in  a  coreiwd  platinum  cmcible 
lAto  the  anhydrous  protoxide,  containing  857  per  cent,  of  the  metaL 

The  methods  of  stiparatuig  didymimu  from  otbor  metals  are  the  same  as  those 
adopted  for  cerium.  The  sepajation  of  didymium  from  cerium  itself  may  bo  effected 
by  boiling  the  mixc'd  oxides  in  a  solution  of  sal-am uioniac  (Watts).  For  separating 
didymiam  from  kuthanum,  no  method  has  yet  been  devised  sufficiently  Mcarste  for 
quantitative  analysis. 

Atomic  wriqht. — Marignac  in  1848  determined  the  atomic  wnght  of  didyminm  by  the 
quantity  of  cliloride  of  barium  requirwl  to  precipitate  a  given  wei^flit  of  the  sulphate ;  in 
this  manner  he  obtained  the  number  43-6.  Afterwards,  in  1863  J  Ann.  CIl  Phja,  [3] 
xxxviii.  148),  he  found  that  this  method  was  inexact,  because  the  pret-ipitated  sul- 
phate of  barium  carried  down  with  it  a  quantity  of  didymic  sulphate,  which  was  oot 
afterwards  decomposed  by  excess  of  chloride  of  barium.  He  therefore  adopted  two 
other  methods:  1.  By  precipitating  the  didymium  from  the  sulphate  by  oxalate  of 
ammonia,  igniting  the  precipitat*-  till  it  turned  white,  and  weighing  the  protoxide  thus 
obtiiiued. — 2.  By  precipitating  the  chloride  of  didymium  with  nitrate  of  silver,  esti- 
mating the  chlorine  as  chloride  of  silver,  and  preeipit>iticg  the  didymium  from  the 
filtrate  in  the  manner  just  mentioned.  The  mean  of  the  experiments  made  by  the  fint 
method  gjire  for  the  atomic  weight  of  didymium.  on  the  oiygen-Fcale,  the  number  o98'3; 
the  second  method  gave  603*5,  698*9,  and  696-3.  Mean  of  the  whole,  609  on  tbs 
oxygv?n-scaIe,  or  47'9'2  on  the  hydrogen-scale.  Mariguac  considers  the  number  48  xa 
be  very  nrar  the  truth.     Hermann  by  igniting  the  oxalate  obtains  the  nomber  47  4ft, 

aiSTDKlUM,  OXIDZIB  OF.  Bidjmium  forms  two  oxideo,  the  protoxide,  Oi^, 
and  a  peroxide,  whose  atomic  constitution  is  not  exactly  known. 

The  protoxide  is  obtained  in  the  an!jvdrous  state  by  strongly  igniting  the  ottrats, 
oxalate,  or  the  tvecipituted  b3'drate,  in  a  covered  crucible.  It  is  perfectly  white;  is 
slowly  convertea  into  a  hydrate  by  immersion  in  warm  water;  diasolve^  readily  ia 
the  weakest  adds;  and  expels  ammonia  rrom  ammoniacal  salts  when  boiled  with  them. 

Tha  hydrate,  DiHO.  is  a  gelatinous  tjim^s,  rewmbling  hydrate  of  alumina,  but  having 
a  very  {»le  rose  colour.     It  eonfracti)  much  by  desiccation. 

Pttwcide  of  Didt/miuni.  —  When  the  oxalate,  nitrate,  carbonate,  or  hydrate  of 
didymium  is  ignited  in  contact  with  the  air,  and  not  very  strongly,  a  duk  brown 
oxide  is  obtained,  containing  from  032  to  0*88  per  cent,  of  oxygon  more  tlian  th» 
protoxide.  When  treated  with  acids  it  dissolves  readily,  giving  off  the  excess  d 
oxygen,  and  forming  a  solution  oontaining  the  protoxide.  It  is  probably  a  mixture  <i 
the  protoxide  with  a  small  quantity  of  a  higher  oxide  of  definite  compo**ition.  By 
strong  ignition  in  a  close  vessel,  it  is  conv<-rted  into  the  white  protoxide.  ^M  ariguae.) 
According  to  Hermann,  it  contains  Di"0**. 

nzOTMrCTM,  SVXFBXBS  OVf  Di'S,  a  obtained  by  igniting  the  oxide  in  the 
vapour  of  sulphide  of  carbon.  Il  is  a  light  brownish  green  powdw,  which  dimolTesia 
acids,  with  evolutiou  of  sulphydric  acid.  A  groj'ish-white  oxi/tHlpkide^  TiiHy&,  at 
T>i=S.2Di^0,  is  obtained  by  igniting  the  oxide  with  carbonate  of  sooium  and  exDaas  of 
sulphur,  and  digesting  the  ^uied  mass  in  water.     (Marignac) 

TilTTJtJIAX.  (Schlieper,  Ai)n.Ch.Pharm.lvi.  6.) — A  compound  foiTQed,t0getber 
with  leucotiiric  acid,  &c.,  when  an  aqueous  e>ol«tion  of  alloxanic  acid  is  boUed  for  some 
rime.  (See  Ai.LoxAmc  Aciii).  It  separates  on  the  addition  of  alcohol  to  the  aqueuu 
solution,  and  must  be  collected  on  a  filter  out  of  contact  with  the  air,  washed  with 
alcohol  and  ether,  and  dried  in  vacuo  over  sulphuric  acid.  It  is  not  crystallisablB, 
but  forma  a  loose  whit«  powder  of  a  bitter  saline  taste^  and  reddens  litmus  strofaghf. 
It  is  very  soluble  in  water,  .ind  deliquesce  mpicHy  in  the  air:  insoluble  in  aleonel 
When  heated  it  melts  at  100^  C.,  giving  off  itlcobol  and  water  with  iatameseeace,ttd 
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\  ivmiunK  Of  A  tnumparrnt  ritrt^oua  pam,  wliirh  Tnay  be  nibbod  to  a  white  powder. 
It  t«  deeompoied  with  efferretoence  bj  hot  nitric  lueid,  forming  alloxjin.  It  ii 
gndualljr  dMompoMd  by  eold  potAsh,  unuionia  bein^  evolved,  aod  oxjtlic  a<'id  formed 
aboadantly.  Ita  aqtieotifl  solution  givea  wbit«  precipitat(M«  with  nitnkt«  ofailver  and 
•cetate  of  lead,  the  latter  lolable  in  ezcess  of  the  leaa-solation. 

The  composition  of  tbif  body  ia  not  accarateJy  known.  Scblicper  anaigna  to  it  the 
formula  C'H'KH)**,  relying  on  an  flnttlv!<i!i  which  gave  32*69  per  cmt  carbon,  3*89 
hyilrogen.  and  2470  nitrog:en  (ealculatioa  33*33  C,  370  II,  U-53  N.  3704  0). 

The  Bilver-prMnpitate  gave  on  amdyaia  -IS-S  per  cent  oxide  of  silver,  which  doea  not 
aecord  with  Schlieper's  formula.  Laurent  (Coiapt  rend.  xixv.  629)  give*  it  th« 
formula  C*H'"N*0%  regarding  it  as  inomeric  with  diolommide.  Gmelin  pointi*  out  that, 
since  alloxan  ia  obtained  from  it,  it  [irobably  containa  4  atoms  of  carbon.      F.  T.  0. 

DZroXtAnnni  or  axromMBva.      Lallemand'a  name  for  the  hydrocarbon 

VBXtttr,  The  mixing  or  mutual  interpcnctration  of  two  liquids  or  gates 
I  do  not  unite  chemically  one  with  the  other.  Thia  kind  of  mixturu  tAkea  pUo« 
Ixkth  when  the  fluiils  are  iu  immediate  contact,  and  when  they  are  eeporated  by 
poroua  membranea  or  other  partitiona.     (See  Qasks  and  Liquids,  DirrustOJf  or). 

BXOEVrrx.  A  variety  of  copper-glanco  from  SangwhauscB  in  Tburingia  and 
from  ChUf-  Specific  gravity  =  4'o68  to  4  68.  Hardnrsa  =  20.  Plattner  found  in 
it  70-2  per  cent,  copper  and  0*24  silver,  which  approximates  to  the  formula  Cu"S*  = 
Ccu^.3Cu*S,  or  1  atom  copper-gbnce  and  3  atoms  purple  cop|)or. 

SXOEaTBS  or  9ZOB8TOB.  An  apparatus  for  diccstion,  such  as  a  sand  or 
water-btith.  Papin's  diijcsh-r  ia  a  Btrnng  iron  veas«»l  in  wliich  Hubstances  can  be  exposed 
to  the  action  of  wat^a-  or  other  liquids  at  temperatures  above  their  boiling  pointa. 

SZGB8TZOM'.  Tho  op<>ration  of  exposing  a  e^ubHtduce  to  the  action  of  a  liquid 
with  the  aid  of  heat,  generally  below  the  boiling  point  of  the  liquid,  for  the  purpose  of 
extracting  the  soluble  cooatituents.  The  treatment  of  a  aubetuuce  with  a  cold  liquid  is 
called  mactraiion. 

SZOSSTZOIf,  AWZnCAXi.  (Lehmann,  Lfhrlmrh  <frr  Phtfsinloffisch>fi  Chnttif, 
L««ifwig  185."?,  iiL  216-283.—  The  same  translated  by  Dr.  Day,  London  18o4.  iii.  248- 
Z2\.~Gmtlin*8  EimdhucK  viii.  672^621. —  Freriohs.  !?;>  Vmhuuug.  HandwiirUrhuch 
d.  PA vfto/ojT'V'.  Braunschweig,  1846,  iii.  I. — Bidder  und  Schmidt,  Die  Vrrdauunga- 
tiifte  und  drr  Stofftt^&skatl,  ilifnu  und  Leipzig,  1852. — Marcet,  On  the  Ckfinvttry  of 
Di(fe*tum.  Chem.  8oc.  J.  xv.  4f)7.) 

The  changes  which  food  undergoes  in  the  stomach  and  intestines  consist  essentially 
in  it«  transfonuatiun  either  into  8<3luble  substant-'es,  or  into  emulaions,  whereby  it  is 
r»:ndered  capable  of  passing  into  the  blood-vessola  and  locJeals,  and  available  for  the 
purpo*?  of  nutrition.  These  changefl  are  produced  by  the  action  of  the  saliva,  gastric 
juice,  bile,  pflncrcutic  juice  and  inteMinol  juice,  fluids  which  are  poured  from  time  to  time 
into  the  alimentary  canal  in  verj*  large  quantities,  amounting  in  twenty-four  hours, 
acerirding  Jo  the  experiments  of  bidder  and  Schmidt,  to  almost  the  sixth  part  of  the 
w«?ight  of  th«t  body.  If  the  results  obtained  by  these  phvsiologirts  from  experiments 
on  aniniab  can  be  applied  to  man.  it  may  b«  calculated  that  a  man  weighing  64 
kilogrammes  (or  about  10  stone)  will  secrete  in  twenty-four  hours: 

Saliva  amounting  to  1'6  kilogrammes,  oonfaining  15  grnia.  of  solid  matter. 
Bile  „  1-6  „  „  80 

(Jastric  juice  „  64  „  „  102  „  „ 

Pancreatic  juice  „     02        „,  „  20  „  „ 

Intestinal  juice   „      0*2         „  „    about  3  „  „ 

The  chief  function  of  the  pancrtatie  juice  and.  in  some  cases,  of  the  iaUmt,  is  tha 
convi'tjiion  of  starch  into  dextrin  and  softar:  according  to  Bernard  (Lefont  de  PA//- 
Ki/>to(rie  t-rpirinuntale  appliquie  a  la  Midecine^  Paris,  1856,  ii.  170-453),  the  pnn- 
rreatic  juice  also  assists  in  decomposing  neutral  6iLa  into  glycerin  and  fatty  acids ;  and 
this  view  is  now  generally  admitted,  although  it  is  uppos^-d  to  the  results  obtained  bv 
Frerichs  and  by  Bidder  and  Schmidt.  The  gastric  jtiicr  is  the  chief  agent  by  whjr)i 
the  albuminous  or  protein  substances  are  rendered  Bo!u>ile ;  .according  to  Marcet,  it 
likewise  converts  the  neutral  fats  into  fatty  acids.  The  bile,  according  to  the  same 
aotbority,  converts  into  an  emulsion  the  fatty  acids  thus  produced.  The  intcftinal 
Juice  appears  to  unite  in  Stflolf,  to  a  certain  extent,  the  functions  of  the  gastric  and 
f«ncre«tic  ftuids,  baring  The  power  of  rendering  wlublc  both  atarch  and  fleah,  or  otht-r 
prf»tein-boili*>s. 

The  albuniiitous  or  prot«?in-Bubsfanoe«,  tilhtmin,  fibrin  and  ramtn,  both  animal  and 
Tegrtable.  are,  so  far  as  ihcir  chemical  •■oniposit  ion  is  conceniirf!,  ready  for  imiui-diate 
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aMlmiktioii  hy  tb«  Atumal  bodjr ;  in  fact  ih«j  do  not  undergo  any  clirmicAl  «7biiog0  ia 
the  process  of  digpstion;  bat,  undpr  the  influeooe  of  the  gHstricjnioe,  tiipj  liwe  thrir 
ccMiguhibility  b^  hB*t  and  hj  miaeml  acids,  and  likewiae  their  property  of  farming 
infloluble  combmatioDs  with  most  loptdlic  salto,  and  are  coDTerted  into  aolubie  iaomeric 
modiflcationa  of  albamin,  fibrin  und  casein,  called  Ity  LehmanQ  peptoaec  In  thii 
■tate  they  arc  €t  to  be  taken  up  by  the  abBorbents.  The  convcfBion  of  these  bodiM 
into  peptones  ia  not,  however,  complpt«d  in  the  stomach,  a  Large  portion  of  the  albti« 
miooiw  coofltitQ^nta  of  the  food  ptissing  unaltered  into  the  fntestinea,  where  their 
conT&rsion  into  peptones  is  cotnpK'ted  by  the  action  of  the  intestinal  joicei.  Indeed 
the  quantity  of  gastric  Jaice  secreted  ia  not  sufficient  to  effect  tlie  aolutioo  of  the 
protein-matters  required  for  nntrition.  A  dog  secretes  about  100  grummes  of  gastric 
inice  in  twenty-four  houra  for  erviy  kito^irammo's  weight  of  ita  body  (3  id  da  r  and 
Scbmidt),  and  this  quantity  of  gastric  jui(.>e  is  capable  of  digesting  about  6  granuiwa 
of  albumin,  reckoned  as  dry  (Lehman  n);  but  it  appears  from  Schmidt's  experim«ols, 
thut  a  dog,  to  keep  in  oondition  on  an  excluFively  flesh  diet,  «hoald  take,  for  eTery 
kilogramme's  weight,  of  its  body,  50  grummea  of  i\esh  containing  10  gnunines  of  dij 
■Ibuminoidtt;  Iicnce  the  gaatric  juice  secreted  bj  the  dog  would  only  suffice  for  the 
digestion  of  hulf  of  the  albuminoids  necessary  for  its  nutrition.  That  the  inteatiaal 
juice  is  capable  of  di^«ting  Uiese  bodies  is  proved  by  the  ekperiments  of  Bidder  and 
Schmidt,  who  found  that  piecea  of  flesh  ana  coagulsted  albumin  introdaced  into  tied 
loops  of  intestine  wi-re  diuested  in  fi^ra  6  to  1  i  Uours  ;  also  that  the  pnre  aUMlioe  ia- 
teatinal  juice,  as  well  as  that  secretion  mixed  with  bile  and  pancreatic  juic«.  poMeeses 
the  power  of  disaolving  protein-sul (stances  externally  to  the  body-  The  trausformation 
of  the  carbohydratee  by  the  Lntestiiial  juice  appears  bo  take  place  wholly  in  Uie  smull 
intestine. 

Gelatin  and  the  gelatigenons  tuwaes  in  general  are  oonTerted  in  the  atomaeh  into 
Bubatanoes  which,  according  to  Lehmann,  correspond  perfectly,  in  their  phynoil  and  ia 
most  of  their  chemical  pnipertien,  with  the  peptones  of  the  protein >b<>dies.  Aooord- 
ing  to  Marcet,  however,  the  peptones  produced  from  gelatinous  tissue  differ  in  some 
of  their  physical  propeitiea  frora  th.T*e  derived  from  the  protein-bodies,  especially  in 
their  aetinn  on  polarised  light.  Pure  gastric  juice  obtained  by  washing  ont  tha 
slomaeh  of  a  dog  with  water,  aJ>er  it  has  been  kept  fasting  for  thirty  hours,  and  then 
making  the  animal  swallow  pebbles,  is  quite  destitnte  of  ortical  rotatory  power ;  «o 
likewise  is  the  fK)Iution  of  pur?  albumin  or  casein  in  this  gastnc  juice ;  but  if  the  dog  he 
then  fed  with  cartilage,  a  gaatric  juice  is  obtained  posseasing  considerable  lavo-rotatory 
power  (see  Gastric  jxticb). 

Many  nitrogenous  nubstancea  undergo  decomposition  in  pamsingthrongh  thealomjirb 
and  intestines — such,  for  example,  ia  the  case  with  rmulain.  We  know  that  when  tfajd 
Bubatance  acts  uptm  aniycdalin  (i.  201),  in  presence  of  water,  pmssic  acid  is  produced, 
and  accordingly,  when  emulsin  andaniyi;fLilin  are  introduced  together  into  the  stomadi 
or  into  the  blood,  t)ie  animal  dies  with  the  symptoms  of  poisoning  by  pmssic  add. 
Lehmann  aUowed  rabbits  to  eat  sweet  nlmonds  (whiL-h  contain  emulain')  and  iiyected 
amygdAlin  into  the  jugular  vein,  one,  two.  four,  and  six  honrs  after  they  had  been  fed; 
the  animals  remained  perfectly  vigorous,  showing  that  the  emulsiu  had  not  been 
alisorbed  into  the  cimdution ;  but  on  reversing  the  experiment,  and  injecting  emulsjo 
into  the  vein  and  introducing  a  aolution  of  auiygdalin  into  the  stomach,  symptoms  of 
poJHoning  by  pmssic  acid  soon  showed  Ihcmselvea  In  the  former  ease,  then,  either 
the  emulsin  had  been  metstmorphcwed  hv  the  digestive  fluids,  or  it  was  incapable  of 
being  taken  up  by  the  ab»orbenta.  To  decide  this  point,  Lehmann  colleeted  the 
excrements  of  a  rabbit  which  had  been  fed  for  forty-eight  hours  on  almonda,  and 
mixed  araygdalin  with  them,  but  could  defect  no  trace  of  pru-«««ic  acid  ;  neither  wn* 
any  decomposition  of  the  amygdalin  indui*e<l  by  the  ca?cal  contents  of  the  saiue 
animal:  hence  be  infers  that  the  emulsin  whs  dpcomposed  in  the  intestine. 

OirArine,  the  poison  of  trrpents,  and  those  poiBonN  which  are  prtxluced  in  eontagioM 
discHsea,  as  hydrophobia,  qlandrr»,  typhus,  «e.,  are  likewise  decomposed  in  pa*&iniT 
through  the  stomach  and  intestines :  all  these  substances  may  be  taken  with  impunity 
into  tiie  alimentary  canal,  but  produce  fatal  or  at  least  morbid  efiecta  when  intn>- 
duced  into  the  blood. 

The  mode  of  digestion  of  the  neutral  fair,  such  as  are  contained  in  butter,  the  fiit  of 
meat,  olive  oil,  &c.,  has  been  the  subje'ct  of  much  controversy.  The  generally  receired 
opinion  is  that  these  bodies  do  not  tmaerpo  any  alteration,  either  mechanical  or  chemical, 
by  the  action  of  the  saliva  or  the  gastric  juice,  but  that  their  digestion  commences  in  the 
duodenum,  in  passing  through  which,  and  still  more  in  its  further  |j«e8;ige  through  Uie 
jejnnnm  and  ileum,  the  fat  ceases  to  appear  in  large  drops  or  semifluid  masses,  theee 
drf^ps  becoming  smaller  and  smaller  as  the  fat  descends  in  the  small  intestine,  till  at 
length  it  appears  flmely  comminuted,  and  is^  in  fact,  conTerted  into  an  emalsion,  > 
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emdib'on  whicli  fcrcafly  fitciliUt4Mi  its  Absorption  by  the  l^tnpliatirs  of  the  infrfitinul 
valla.  The  mrrv  iin-chanical  division  of  the  fat  in  not,  howevpp,  the  only  coDditioa 
B«e«s&an'  for  its  absorption.  Bidder  and  Schmidt  have  ehowii  that  bile  is  essential  to 
IIm  digestion  of  fata,  iind  Wist:niehaa9en(/7/M/T<!.  inaup.  Dorpat,  Livon.  18dl)  biw 
MMTteined  that  oil  ouinot  be  made  to  praetnt«  throngh  unimiil  inf>mbranpi>  without 
oomidenible  presmre,  but  that  it  may  be  forced  throogh  with  cnmpMratiTe  ease  when 
cbe  BMEBbnoe  ii  saturated  with  a  floid  which  iidhena  to  or  has  an  affinity  for  the  oil. 
When  the  membrane  wns  moistoned  with  a  solution  of  potash^  an  a1>undance  of  aaponi* 
fled  oil  pawed  through  it  in  the  coone  of  ten  hoars,  under  a  very  slight  prfwrare  (from 
O  06H  to  0  132  of  as  inch  of  meKnry),  and  anodated  witli  it  waa  free  fat  mechanically 
earmd  through  by  the  aoap.  When  a  mixture  of  equal  parts  of  potoab-ley  and 
■Ibamin  warn  vsad,  the  oil  passed  through  the  membrane,  even  witliout  pressure, 
although  in  rvrj  small  qnantity ;  in  thia  case  also  a  soap  was  formed.  The  oil,  how* 
OTCT.  paased  throaeh  aniranl  membranes  withont  being  saponified  when  they  were 
Mtnrated  with  a  solution  of  soap  or  bile. 

Marcet  takes  a  different  riew  of  the  digestion  of  neutral  fiits.  He  infers  from 
his  own  experiments,  that  these  fata  are  rosolved  into  glycerin  and  fatty  ncids  in 
the  stomach,  and  are  then  tranaformcd  into  emnlsions  by  the  action  of  the  bile, 
which  exerts  this  action  upon  fntty  acidti,  but  not  on  neutral  fats.  Fatty  acids  are 
altogether  roach  more  capable  of  forming  emulsions  than  neutral  futa.  When  neutral 
&ts  or  fiitty  acids  in  a  ftised  condition  are  agitated  with  wiitcr,  no  emnl^ion  is 
formed,  bnt  large  globoles  are  seen  to  perrade  the  fluid ;  on  atundinii,  they  imme- 
diately mn  into  each  other,  and  riw  to  the  surface,  the  aqueous  fluid  remaining 
perfectly  clear.  When  fused  neutral  fiite  are  agitated  with  a  solution  of  neutral 
trisodie  phosphate,  the  same  phenomenon  takes  place  as  with  pure  water,  luit  when 
fused  fatty  acids  are  ahaken  in  a  test-tulie  with  phosphate  of  aodium,  or  with  bile,  the 
f^t  is  instantly  dirided  by  a  mechanical  process  into  rety  minute  globules,  just  as 
would  happen  if  the  fat  were  agitated  with  water;  bnt  at  that  moment  each  of  these 
Tcry  small  fatty  particles  becomes  surrounded  with  a  layer  of  soap,  from  the  surface  of 
tbe  globule  being  saponified  by  the  sodic  phosphate  or  the  bile.  From  thi»  cir'  um- 
•tanee  tbe  globoUa  of  fot  loae'tlieir  property  of  running  into  each  other,  and  acquire  a 
slight  increase  of  specifte  graTity,  which,  howerer,  is  not  *ufBeient  to  prevent  th»'m  from 
rising  slowly  in  the  mothor-liquor.  and  finally  occupying  the  upjxr  pjflrt  of  the  liquid, 
Thns  it  is  that  the  fluid  is  milky,  and  that  the  emulsion  takcM  a  much  longei  time 
to  rise  to  the  sarface  than  pure  oil  would.  Tbe  chemieal  analysis  of  the  emulsion 
Lear*  out  this  Tiew,  for  it  is  found  to  consist  inrariably  of  free  fatty  acid  and  soap. 

These  facts  will  assist  in  explaining  tlie  Bb«*orption  of  futs,  since,  when  in  the 
form  of  an  emulsion,  they  can  no  longer  be  in  direct  fontact  with  the  intent incs,  a 
layer  of  soap  interrening  between  the  fat  and  the  membrane.  Soaps  mny  be  eon- 
CKived  to  pass  through  a  membrane,  whilst  fkt  is  known  to  be  incapable  of  hci  doing; 
consequently  we  may  imagine  fata  to  be  absorbed  under  the  form  of  complex  globnles» 
the  inside  of  which  is  free  fat,  and  the  out«ide  soap. 

These  observations  on  ihn  power  of  bile  to  convert  fatty  acids  into  an  emolsinn  and 
afterwards  into  soap,  are>qu:te  in  accordance  with  the  results  obtained  by  Bidder  nnd' 
Schmidt,  and  by  Wifitiughauscn  above  mentioned,  though  it  does  not  appear  that 
those  observers  noticed  the  difference  existing  in  this  ivspect  between  neutral  fats  and 
fatty  acids. 

"the  power  of  digesting  fats  does  not,  however,  belnng  exclusively  to  the  bile:  for  a 
portion  of  the  fats  taken  into  the  stomaoh  is  not  acidified,  and  consequently  must 
escape  the  action  of  the  bile;  in  this  case,  the  pancreatic  juice  efftn'ts  the  conversion. 
■■  oMcrred  some  time  ago  by  Bernard.  The  alsorption  of  fatty  acids  explains  a  fact 
olaerTcd  by  Yetdeil  and  Marcet  in  l&dl,  rh.  that  the  blood  contains  free  fat^  adds. 

Among  the  so-called  earho-hf/dratrg,  the  moet  important  as  an  article  of  food  is 
gtarck.  This  substance,  being  insoluble,  cannot  be  taken  «p  by  the  absorl>entB  until  it 
haa  been  converted  into  dextrin  and  eugur,  a  change  which  is  effe<^'ted  partly  by  the 
salira,  partly  by  the  pancreatic  and  inl<-»tinttl  juices.  The  action  of  saliva  upon  starch 
is  not  tne  same  in  all  animals.  Odllng  found  tliut  pure  parotid  saliva,  obtained  from 
a  man  who  had  a  fistulous  opening  in  the  parotid  duct^  converted  boiled  starch  quickly, 
and  raw  starch  more  slowly,  into  exigar,  whereas  saliva  obtained  in  like  niAnner  froiin. 
a  young  donkey  had  no  effect  on  starch,  eillior  boiled  or  unboiled.  Aewrding  to 
Bemaro,  the  saliva  of  horses  is  likewise  without  action  on  starch.  In  ruminating 
animals,  which  retain  their  food  for  a  long  time  in  the  paunch,  where  it  is  exposed  to, 
tbe  continuous  action  of  tbe  aaliva,  a  great  portion  of  the  btarch  contained  in  the  food 
is  probably  transforrued  into  sugar;  and  the  same  ia  the  case  in  the  crop  of  birds;  but 
in  all  other  animals,  t!ie  aetion  of  the  saliva  daring  the  short  time  that  the  food 
remains  in  the  mnufh.  must  be  Kpvy  slight,  so  that  the  greater  pjirt  of  the  starch 
passes  unchnnged  into  the  stomach,  whore  the  further  action  of  the  Baliva  upon  it  la 
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to  a  certaiu  degree  suspended  by  the  gantric  juice,  when  8ecr*ted  in  suffirieTit  qanntttr. 
On  puaing  into  the  duodenum,  th«  starch  is  brouglit  in  contact  with  the  poTtrfull/ 
Acting  puucreutic  juice,  fuxd  aftervrorda  in  the  ileum,  with  th«  inteRtinttl  juiee,  wbiHi 
MOta  upon  it  in  a  similar  maoBer,  but  lew  «trf»n|E3y.  As  the  Ht«rcb  passes  on,  th<; 
jrrunules  become  Poftened  on  their  siirfucp,  diniinuth  in  ei»c,  and  nr*  grjiduallT  di»- 
«oh'ed  in  the  form  of  dextrin  and  glucose;  the  derfrin  is  the  first  product  of  the 
trsn^formntion,  but  ia  so  rapidly  converted  into  sugar,  that  it  it  rareljr  fooad  in  t^' 
intestine,  and  even  then  only  in  very  »matl  quaotitj. 

Inulin  ia  affect <-d  by  the  digewtive  fluids  tn  tho  same  manner  as  stnrch ;  bat,  i 
ing  to  Lehmnnn's  experiment.x.  it9  transformation  is  much  more  rapid. 

G/uciijff  or  gropt -sugar,  whether  formed  from  starch  in  the  manner  abor©  de 
or  introduced  directly  into  the  alimcutary  canal,  is  partly  taken  up  directly  by  the  in- 
testinal  absorberitti,  nnd  passes  into  the  bloodwithout  alteration,  and  is  partly  coDTett«tl, 
by  tho  action  of  the  bile  and  intestinal  juices,  into  lactic  acid,  and  i  '  *  ' 'te 
pHMes  into  the  circulation.     Cant-sugar  uppcars  to  bo  converted  into  ^  re 

it  is  absorbed  into  the  circulution.  Milk-sugar  appears  to  comport  ...l.^  ...  \un 
intestinal  cnnal  m  the  auTOa  manner  as  gluco«e;  it  distributes  itself  very  rupiiilf 
throughout  the  smidi  intestine,  and  in  about  an  hour  after  it  fans  been  sTallowenJ, 
nugr  be  traced  as  far  as  the  aecum ;  but,  like  glucose  and  cane-stic;ar,  it  occaaions  an 
inteneely  acid  reaction  in  the  jejunum  and  iJi;um,  which  remaina  fyr  thret?  or  four 
hours  after  the  injection  of  the  sugar. 

Pectin  aud  the  allied  substances  are  totally  unaffected  by  the  digestive  floids. 
(Blondlot>  Frcriebs.) 

Own,  altiiough  on  easily  soluble  substance,  does  not  play  an  important  part  in  the 
process  of  iiniioiil  nutrition ;  indeed  it  rarely  occurs  as  a  constituent  of  nutritive 
matterfi,  even  of  the  food  of  the  herbivora.  It  is  not  affected  by  the  digestive  fluid», 
and,  when  ^tcu  to  animals,  is  not  subaequently  found  in  the  blood  or  in  the  urine, 
but  paH.Hes  unchanged  into  the  solid  excrements.  Boussingault  caused  a  duck  t« 
swallow  fifby-two  grammes  of  gum-arabic,  and  in  the  course  of  nine  hours  firtj-six 
prammes  were  recovered  from  tlio  excrements.  The  fact  of  gam  not  Km-'  v-v.-r,  ,]p 
in  perceptible  quantity  by  the  intestinal  absorbents,  is  related  to  its  lov  ly, 

which^  according  to  Qranam,  is  only  half  that  of  starch-sugar,  and  four  : n.-* 

l««s  than  that  of  chloride  of  so<lium. 

CtiluJosf,  or  vsoodif'fibrc,  resists  the  action  of  all  the  digestive  fliids  t  hone©  all 
Vegetable  sabstaooes  essentially  consisting  of  cellulose  piiss  unchanged  into  the  exrriw 
iiient<«  of  most  herbivorous  and  omnirorouB  animaJfi.  In  some  animab*,  hotrerer,  whir-h 
ewsliow  very  large  quantities  of  woody  fibre,  it  appears  probable  that  some  means  ni»t*t 
eidat  of  Tendering  this  substance  iBolublc.  In  the  beaver,  tlie  whole  atoniach,  and  taart 
especially  the  csecum,  are  often  found  pluggrd,  tie  it  were,  with  fnigmt-nts  of  wood  and 
bark,  amongst  which,  according  to  Lehmann,  no  easily  soluble  nutrient  substaaoe  eaa 
be  detected-  Now,  in  this  animal,  the  or\^Ai\a  whose  secretions  contribute  more  espe- 
ci&il)  to  the  metamorphosis  of  the  carbo-hydratee,  are  developed  iu  a  remaricalile 
degree— the  salivary  glands  amounting,  according  to  Weber,  to  y^  of  the  whole  weight 
of  the  body,  whereas  in  man  they  dio  not  exceed  s^of  die  entire  weight.  The  paDrrau 
in  the  beaver  ia  also  very  bulky,  and  there  ia  a  large  gaatric  gland,  peculiar  to  the 
uniiTiHl,  which  may  perhaps  have  some  relation  to  its  power  of  digresting  oollolose.  It 
ia  well  known  that  cellulose  is  converted  into  dextrin,  or  a  similar  substanoe,  by  the 
Ktion  of  alkalis,  even  when  veiy  dilute  — and  it  is  by  no  means  improbable  that  the 
ulknline  juices  of  the  salivary  glauda,  the  pancreas,  and  the  oecal  glands  of  the  besTrr 
may  effect  this  transformation. 

Tlie  relative  digestibility  of  different  kinds  of  food  is  a  subject  on  which  it  is  rtrj 
diificult  to  oVitain  proci.*e  results,  inasmuch  as  the  fncility  with  which  any  substance  ll 
digestinl  depends  very  much  on  it*  shste  of  mechanical  division  or  aggregation,  and  on 
the  condition  of  the  digestive  organs  at  the  time  when  the  food  is  t^iken ;  food  taken 
into  the  empty  stomach,  after  ftmting  for  some  hours,  will  be  digested  much  mors 
ouickly  than  the  same  kind  of  food  introduced  into  the  stomach  partly  full  or  imme- 
diately after  it  hiis  been  emptied.  The  point  to  which  ob«Bmition  ha?  been  chiefly 
directed  is  the  time  daring  which  different  kinds  of  food  remain  in  the  stomach,  tbf*e 
being  considered  the  most  digestiblB  which  po-sH  out  most  quickly,  in  intorvala  Vi 
fpom  an  hour  to  an  hour  and  3  half.  Such  observations  are  made  either  by  ft 
animals  with  different  kinds  of  food,  and  killing  them  at  various  intervals  after 
ncals — or  by  introducing  portions  of  food  enclosed  in  munlid  bags  into  the  stomachs 
animals  bearing  gji^trir  fipttilic,  A  series  of  observiitions  of  this  latter  kind  wr!n«  mnA% 
hy  Beaumont  (£j7iT(>/««^rt  and  Oh^mtions  mi  tkr  Gaatric  Jvice  and  Pht^ficJogi/  of 
Digtition,  Boston,  1834),  on  a  man  having  a  large  fistulous  opening  into  the  etomach 
resulting  from  a  gun-shut  wouucL  It  u*  clear,  however,  that  such  observations  eia 
pre  bat  ac  imperfect  idea  of  the  relative  digestibility  of  different  iarticlee  of  fiwd, 
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tniifmocb  an  t1i«  digMtion,  eren  of  adhnminoui  milMhtiieeB,  b  not  completed  in  tho 
fttom<irlj,  and  Uuit  of  most  T^getable  labsU&tiM  do«s  not  even  eommenee  till  they  ratch 
the  int<'stine. 

The  digcvtibilitv  of  tiifs  alhumiwnu  iodUt  depends  Teiy  mndi  on  tL«Ir  stvte  of  ag- 
.ation.  Soluble  coagulable  a/f>umin,  like  unboiled  white  of  egg,  is  much  mure 
«tible  than  the  Mine  subatanee  when  ooa^Iated.  Soluble  casein,  ns  it  exihta  in 
milk,  is  one  of  the  moat  indigestible  of  the  unboiled  albuminoua  subatoncea,  inaamucli 
••  it  is  Tcrj  quickiT  ooagnlated  by  the  acid  paatric  juice,  and  then  but  atowly  diaaolTML 
A  considerable  difl^renee  is,  hovrercr,  o1>e<>rvabli>,  nccording  to  the  denaer  or  more 
porous  condition  of  the  coagulum.  The  cnapin  of  human  milk,  which  forms  a  gelatinous 
coagnlnm,  is  much  more  rapidly  digested  than  that  of  cows'  milk,  which  forms  ia 
tba  ftomach  a  compact  tump,  generaUy  coagulated  into  a  ftiiliJ  bolL 

&ffitotnti,  or  mtaclt^fibrin,  is,  according  to  Lehtnann,  v(-ry  e^isily  digested,  more 
canly  than  the  blood-fibrin  of  the  ox.  The  digc«tibOity  of  muBi'>l«  variea,  however, 
grMitly  with  its  conformation.  The  emooth  muscidar  fibre,  like  that  of  tho  stomach 
sod  intestines,  is  much  more  digestible  than  the  alriated  muscles,  because  tlie  former 
ia  not  provided  with  the  dense  and  insoluble,  although  thin  iotegumeut,  which 
eueloees  the  primitire  bundles,  'and  consequently  the  syntonin,  in  the  latter,  —  but 
is  for  the  most  part  surrounded  only  by  loose  connective  tissue,  which  is  easily  per- 
meated and  dissolved  by  the  digestive  juiee«.  The  fleah  of  young  animals  ia  mora 
eanly  digestible  than  that  of  older  ammala,  because  the  primitive  bundles  of  th4 
former  are  much  thinner  than  those  of  the  latter,  and  oonaeqoently  present.,  in  relation 
to  their  mass,  a  larger  extent  of  surface  to  the  action  of  the  gastric  juice.  Frerichs 
found  that  the  flcdb  of  old  animals  required  for  digestion  an  hour  or  an  hour  and  a 
half  longer  than  that  of  young  animala. 

Raw  flesh  is  generally  regarded  as  more  difficult  of  digestion  than  boiled  or  roast 
meat ;  the  difference  is  not,  however,  Teiy  great,  and  has  Men  estimated  by  Frerichs  at 
only  half  an  hour.  In  fiict,  the  advantage  derived  from  the  looMuin^  of  the  connet^-tive 
tiasoe  and  the  partial  destruction  of  the  organic  structure  by  boUing  or  roai«tin£r.  ia 
partly  counteracted  by  the  coagulation  of  the  albumin  in  the  muiwnlar  juice  and  the 
hardening  of  the  syntonin. 

(rs/^o^m,  in  its  pure  staTo.  is  one  of  the  most  cosily  digestible  substanccA.  In  Beau- 
mont's exp«riment«,  the  (gelatinous  character  of  this  aubetance  disappearMl  after  it  bad 
remained  twenty  minutes  in  the  stomach,  and  after  an  hour  no  trace  could  be  found  of 
120  grammes  of  jelly  which  hud  been  taken.  The  digestibility  of  the  gdatigviumM 
ttMtu*  depends,  however,  very  much  upon  their  state  of  uf:t{i;re|a;at,ion,  and  ia  greatljr 
ineretsad  by  boiling.  Tendons  and  cartilage,  and  all  tbo«>e  tiHtsuro  which  am.  abundantly 
intameetod  with  el<istic  fibres,  belong  to  the  least  easily  rlt^if.red  cla»«  of  subfttances^ 
iDaamoeb  as  true  ehutic  tissue  and  elastie  flbfres  completely  resist  the  action  of  tlie 
diff«(tiTe  fluids. 

The/ft^  belong  to  the  leaat  digentihle  cIbm  of  substances;  indeed  fat,  when  taken 
in  large  quantity,  either  alone  or  with  other  food,  usually  remnins  for  a  long  time  in 
the  stomach,  sometimes  even  for  6|  hoars.  It  is  not  only  not  digested  in  the  stomach, 
but  often  exerts  an  impeding  action  on  the  digestion  of  other  ttubstances,  sinivi  it  is 
liquefied  by  the  beat  of  the  stomach,  and.  encasing  the  particles  of  food,  prevriiis  them 
from  coming  in  contact  with  the  gastric  juice ;  moreover,  it  liecomes  rancid  during  its 
long  retention  in  the  stomach,  and  forn»s  volatile  neids,  which  exert  a  very  deleterious, 
though  not  well  understood  action  on  di^iestion.  The  tme  digestion,  that  is,  the 
emulsioning  of  fat,  does  not,  indeed,  commence  till  it  reaches  the  small  intestine,  where 
it  comes  in  contact  with  tlie  bile  (p.  325).  Small  quantities  of  fat  appear,  howerer,  to 
be  easily  digested:  and,  according  to  Lehmann,  fat,  wht-n  not  mixed  in  too  large 
quantity  with  the  food,  essentially  promotes  tho  digestion  both  of  albuminous  and 
amvlsccoos  substances. 

Starch,  the  principal  nutrient  matler  of  most  vegetable  food,  is  much  more  easily 
digested  in  the  boiled  than  in  the  fHW  utate,  the  eflect  of  the  boib'ng  being  tol^uret 
the  envelopes  of  the  st&rch-gmnnles  and  thus  expose  the  starch  to  the  action  of  tho 
aalira  and  the  pjuicrcaHc  and  iufestinnl  juice,  whereby  it  is  converted  into  sugar. 
When  raw  starch  is  eaten  in  lnr,:e  quantity,  a  considerable  portion  of  it  peases  away 
uaehanged  in  the  solid  excrement^. 

The  digestibility  of  f.vq,tahi,'ii  depends  very  much  on  the  nature  of  the  cella  in 
which  the  starch  and  the  albiimiiioiui  matt^^m  are  eucloseii  ;  if  the  c»'ll>«  8n>  still 
iuTested  with  epidermis,  no  portion  of  them  is  dissolved,  the  epidermis  of  plants  beiuu 
completely  proof  against  the  digestive  fluids.  Boiling  usually  renders  veg<'t4iMe  fotnl 
more  digo-itible,  by  thoroughly  loosening  the  intercellular  substance,  and  thus  allowing 
the  dit;t»ative  juicti-s  to  make  their  way  more  readily  into  tho  cells. 

SXOB8TXVS    SAXiT.      Bal    digtstioum    Sjflvii,      Syn.    with    Oui^mi^a    ov 

PoTA»tt*3t. 
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BXOaSTOK.     See  Dioestbb  (p.  323). 

BXOXTAXhacntZir.  Diffitalicrin.  This  name  was  applied  hj  Wall  (Jahib.  w. 
Pbarm.  xzi.  29)  to  an  acrid  sabotance  which  he  obtained  from  erode  digitalin  bj 
exhaustion  with  ether,  and  to  which  he  assigned  the  formula  C^B^O^.  Snnequcuttj 
^his  product  has  been  found  to  be  a  mixture  of  sereral  substances.  When  its  aleoLoIie 
solution  is  mixed  with  basic  acetate  of  lead,  which  takes  up  the  colouring  matter,  the 
filtrate  evaporated,  and  the  residue  washed,  first  with  ammoniacal  water,  then  with 
cold  alcohol,  and  dissolved  in  boiliiig  alcohol,  white  nacreous  laminaB  are  obtained, 
consisting  of  Wals's  digitaloie  acid  CIP*0*,  soluble  in  ether  and  in  alcohol,  biU 
insoluble  in  wat«r. 

Crude  digitalacrin  likewise  contains  a  resin  or  fiit  predpitable  br  basic  acetate  of 
lead.  By  decomposing  the  lead-precipitste  under  alcohol  with  snfphydrie  aeu),  sad 
leaving  the  filtrate  to  evaporate,  the  resin  called  digitalin-fat  or  digitsloiaii 
obtained,  in  white  cnrstalline  scales,  which  melt  to  an  oil  at  a  gentle  heat,  and  in 
said  to  consist  of  C**iP*0*.  W^lz  regards  the  compound  ss  a  glyoeride^  but  does  not 
■bate  whether  glycerin  can  be  obtain^  from  it. 


BXCHTAXiaxv.  Digiialine,  A  substance  said  by  Eos smann  (Bochn.  Bepert. 
zciL  848)  to  be  contained  in  the  precipitate  thrown  down  by  basic  acetate  of  lead  dob 
the  aqueous  extract  of  foxglove  (Diptalis  purpurea).  The  precipitate  is  flnt 
exhauHted  with  ether,  which  dissolves  digitoleie  acid,  the  rendne  is  boUed  with  aleobo^ 
snd  the  solution  evaporated  :  it  then  ^posits  the  digitalein  in  the  ctyitalline  farm. 
This  body  is  slightly  soluble  in  water,  easily  in  alothol,  inaolnUe  in  ether.  The 
aqueous  solution  is  precipitated  by  lead-salts,  but  not  by  ferrous  solphate  oraiiw- 
salts. 

BZOITAXATXV.    Wak's  name  for  pure  digitalin. 

BZOXTAUO  AQZiy.  (P.  Morin,  J.  Pharm.  [8]  vil  294.)-~An  aoid  CQBtaiaed 
in  foxglove  (Digitalis  purpurea).  To  obtain  it,  an  aqueous  infosion  of  the  karei  ii 
evaporated  to  the  consistence  of  an  ej^tract.  and  gradually  mixed  with  aloohtd  of  91  or 
94  per  cent  as  long  as  anything  separates  from  it.  The  mixture  is  left  to  clarify,  ud 
the  alcohol  is  decanted  and  distilled  in  the  water-bath,  till  the  residue  acqairestlw 
consistence  of  a  thick  extract.  This  residue  is  boUed  sevovl  times  with  etho^  wfaick 
dissolves  digitalic  acid  and  digitalin,  and  the  ethereal  solution  is  shaken  vp  vith 
Miytu  tiU  it  acquires  an  alkiiline  reaction,  whereby  the  digitalic  acid  is  prefipittt«d 
as  a  barium-salt,  while  the  digitalin  remains  in  solutinn.  This  salt  is  washed  idlk 
ether  and  strong  alcohol  to  remove  digitalin,  and  then  decomposed  by  dilute  salphnrie 
acid,  care  beipg  taken  not  to  convert  all  the  baryta  into  sulphate.  The  filtered  liouid  ii 
cpncnntrated  by  evaporation  out  of  contact  of  air,  then  mixed  with  strong  alcohol  to 
separate  the  undecomposed  barium-salt,  and  the  alcoholic  filtrate  is  evaponted  ia 
vacuo.  Throughout  the  whole  process,  great  care  must  be  taken  to  prerent  aeeem  cf 
ftir  to  the  materiaL 

Digitalic  acid  crystallises  in  needles.  It  has  a  peonliar  odonr,  which  beeonei  stiosg 
^hen  the  acid  is  heated,  and  a  decided  acid  taste ;  it  reddens  Iitmns.  It  is  not  Tots' 
til^  but  melts  easily,  becoming  coloured  and  charred  at  a  higher  temperature,  witbsil 
pTolution  of  ammonia.  It  is  veiy  soluble  in  vaier,  bat  the  solntian  soon  beeoBM 
oplonred,  the  change  being  accelerated  by  light  and  heat  It  is  moderatdly  MUb 
in  alcohol,  and  the  solution  keeps  better;  less  soluble  in  etker.  It  has  not  hm 
analysed. 

It  expels  carbonic  acid  from  alkaline  carbonates,  but  its  salts  are  deoomposed  \f 
contact  with  the  air,  even  more  easily  than  the  free  add.  The  digitalates  of  pol» 
sinm,  sodium,  barium,  caldum,  strontium,  magnesium,  sine,  and  ferneam  are  sohHi 
in  water;  the  coppcr-solt,  the  ferrous  salt^  and  the  l«ul  and  lilTerHnlts  are  obtnMd 
by  predpitation. 

The  name  digitalic  acid  is  also  applied  by  Kossmann  to  aprodnet,  (^fO", 
obtained  by  boiling  digitalin  with  moderately  dilute  soda-ley  or  with  limei  It  is  ji^ 
cipitated  by  acids  from  the  alkaline  solution  in  white  fiocks,  may  be  ciTstallised  mm 
alcohol,  and  forms  crystalline  salts  with  buses.  3y  boiling  with  adds  it  is  nsoM 
into  digitaliretin  and  glucose. 

r.    See  DiorrAiJiCRnr. 


BZOITAIZV.  (Le  Roy er,  BibL Univ.  xxvi.  102.— Lancelot,  Am.  CLPhBa 
ziL  251. — ^Trommsdorff,  ibid.  xxiv.  240;  and  ArcL  Phann.  z.  IIS. — HomolkX 
Pharm.  [3]  vii.  £7.— 0.  Henry,  ibid.  vii.  460.— Homolle  and  Qvevenn^  Mmtint 
tur  la  Diqitaline,  Paris,  1851 ;  aUtr.  Repert  Pharm.  [3]  iz.  2.— Wals.  Jahrik  Pft 
Pharm.  xiv.  20;  xxi.  29:  xxiv.  86;  Gcrh.  Traits,  iv.  28«.— N.  Jahrbi  Fluna.  «u>. 
882;  iz.  302:  z.  319;  Jahre*ber.  f.  Chem.  1847,  p.  646;  18<1,  p.  M7;  lU^fkCTfi 
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1853  n.  MS:  1M7,  p.  620;  18/)8,  p.  528.— Delffa,  K.  Jahrb.  FIiamL  ix.  26: 
JaLivaDer.  f.  Chem.  1858,  p.  628. — Kossmann,  J.  Pharm.  [3^  xxxriii.  6.)  — 
Tbe  aettTe  principle  of  DijfitaiU  purpurra.  It  is  obtained  by  exhausting  the  commiu- 
mt«d  leaTca  of  foxploTa  with  alcohol ;  concentrating  the  extract  bv  evaporation ;  treat- 
iag  the  aympy  rendiM  with  acetic  acid ;  decolorising  with  animal  charcoal ;  treating  the 
raialtiagMmtion,  which  contains  acetate  of  digitalin,  with  tannin,  whereby  the  digitalia 
is  psveipitated  as  taonate ;  and  decomposing  this  precipitate  witii  oxide  of  load,  whicli 
■ttB  the  digitalin  free.  It  is  then  dccolorisied  with  animal  charcoal  and  crystalluied 
ftoB  ether. 

Ob  the  large  scale,  digxtalin  may  be  directly  precipitated  from  the  aqueous  decoc- 
tMO  of  the  plant  by  tannin. 

According  to  DelflBi  and  Walz,  digitalin  prepared  as  above  is  not  pure.  DeUb  pon- 
ies it  from  an  admixed  resinous  body  by  washing  it  with  cold  alcohol  of  70  per  cent.. 
ud  disK>lTing  the  leaidne  in  boiling  alcohol  of  Sfi*',  from  which  the  pure  digitalin 
■rparatea  on  cooling.  Wals  treats  the  impure  digitalin  with  ether,  which  extracts 
digitalacrin,  and  tlia  xsaidue  with  water,  which  dissolves  digitasolin  and  leaves  pure 
didtalin.    ( W  al  s*  i  Vigitaletin.) 

DigitaJin  is  white^  £ificidt  to  oystallise,  inodorous,  has  a  bitter  taste,  is  very 
iparinglj  soinble  in  watery  to  the  extent  of  only  f^,^  at  the  boiling  heat,  moderately 
nlabla  u  Hhtr,  freely  in  alcohol ;  according  to  Dellfa,  only  when  it  is  contaminated 
with  zeain.  Digitalin  exerts  a  powerful  action  on  the  unimal  economy,  even  a  small 
doss  of  it  producing  poisonous  effects.  The  smallest  quantity  of  it  introduced  in  the 
state  of  powder  into  the  olfactory  organs  produces  violent  sneezing. 

The  oompositioB  of  digitalin  has  not  been  determined  with  certainty ;  according  to 
Delfla,  it  is  €^H-CF ;  according  to  Kossmann,  C^H**0-,  or  0»'ir»0*. 

Pigitalin  beromet  coloured  at  180°  C,  and  decompost»  with  much  tumefaction  when 
hcAted  above  200''.  Sulfkurie  add  dissolves  it,  acquiring  thereby  a  brown  colour,  which 
soon  changes  towards  crimson.  The  solution  poured  into  water  colours  it  greenish.  Hy- 
dreeUohe  atid  dissolves  digitalin,  forming  a  yellow  liquid,  which  graduully  changes  to 
■  dark  ffreen.  Tanmin  precipitates  digit^n  from  its  aqueous  solution.  It  is  not  pre- 
cipitated by  nitrate  of  ulver,  mercurous  nitrate,  acetate  of  copper,  or  acetate  of  lead, 
either  neutnl  or  basic 

According  to  Ladwig  and  Belfb,  digitalin  boiled  with  mineral  acid*  yields  a  liquid 
which  reduces  an  alxaline  eupric  solution.  According  to  Koesmann,  digitalin 
(C^H**0^)  boiled  with  diluU  tulpkuncacid  yields  glucose  and  digitaliretin,  C**H**0'*. 

0*TP»0»  +  4H«0  -  4C*H««0«  +  C"H»0>«. 

Armnling  to  Wals,  pure  digitalin,  called  by  him  digitalctin  (C*»H"0»),  is  resolved  b^ 
boiling  With  dilute  sulphuric  acid,  partly  with  abstraction  of  2  at  water,  into  paradigi- 
taletin  (C^ffS)'),  partly  into  digitaliretin  (C'H'K)*)  and  glucose: 

C««H«H)»  -  C»H'»0«  +  C"H»0». 

Digitalin  boiled  with  moderately  dilute  soda-ley,  or  with  lime,  takes  up  water,  and 
is  converted  into  Kossmann's  digitalio  acid  (p.  328). 

BMHnPAXnf<^AT.    See  Dioitalacsik. 


. A  product  of  the  decomposition  of  digitalin  by  dilute  sul- 
phuric sdd.  Its  formulae,  as  determined  by  Kossmann  and  by  Walz,  have  just  bci-n 
given.  According  to  Kossmann,  it  is  sparingly  soluble  in  ether,  easily  in  alcohol,  and 
aystalliaes  fromhot  alcohol  in  shining  grains. 


A  genus  of  plants  belonging  to  the  natural  order  Scrophtdariaatr. 

The  best  known  species  is  the  common  foxglove,  Diffitalis  purpurea,  the  herb  of  which 
M  nssd  in  medicine,  both  as  a  diuretic  and  for  its  retarding  effect  on  the  circulation. 
From  the  results  of  numerous  chemical  investi^tions,  this  plant  has  been  found  to 
contain  the  following  more  or  less  problematical  compounds,  b<>wi(leB  the  ordinary 
Teeetablo  constituents,  starch,  sugar,  albumin,  oil,  &c, :  —  DiaiUiUn,  already  de- 
imbed.  fierin^  obtained  by  agitating  the  aqueous  extract  of  tne  plant  with  eth«>r. 
SenpthL,  an  acrid  extractive  substance,  not  separated  from  the  aqueous  extract  by 
•Iher  (Radig^  Morin  found,  besides  digitalin,  a  volatile  acid,  antirrhinic  arid 
(L  S48)v  and  a  Bon-Tolatile  acid,  digitalicacid  (p.  328).  Walz  has  obtained,  as  volatile 
principles,  digiialotmin  and  di^talittie  arid  (valeric  acid) ;  and  as  non-volatile  prin- 


ciplcs,  diaitaUn^  digiUuolin,  digitalacrin,  digitaloin,  and  digitaloic  arid.     Whr^ther  all 
thMs  holucs  an  mUj  distinct,  or  whether  they  have  been  obtained  quite  pure,  is  a 
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point  not  ;et  quite  decided ;  but  Wik's  andjaes  certuinly  agrt-e  tatj  -wtVL  «ith  hi« 
furmalffi. 

According  to  Bnebner  (liepert.  [3]  ix,  38).  the  bwh^j  of  foxglove  contain  aboot 
8  per  ectit  of  digitiilin,  more  iudeed  tlian  the*  herb,  and  40  ptT  Cfj>t  of  their  weight  of  « 
drying  oil,  which  i»  said  to  hold  the  di^italin  in  fomhinntiod.  Tb«  seed-C)ipeale»  and 
eiilieca  contain  but  a  smuU  quontitj-  of  di;ritjilin.  about  03  per  cent. 

From  Dii/i'talU  luUa,  Walz.  obtHin«i,  bj  distiUotioD,  di^Itiilomnin,  and  a 
volatile  frttty  acid,  isomeric  i»-ith  ruleric  aoid  ;  also  formic  arid,  Hcetic  acid,  "" 
digitulamn,  and  digitaeolin.     (Hand-  d   Chcm.  2"  Aufl.  ii.  [3]  465.) 

SZOITAXtXSSXC  A,OZ3>.     See  DiolTAUs. 

SZOTTAbOsnKXir.  Tlie  odoriferouA  prindple  of  DigitaU9  purjnirra  and 
D.  fuita,  obtained  as  a  fatty  film  hy  diatilliug  either  of  these  pkuta  with  water.  It  ia 
a  camphoroT'lal  substMnce  insoluble  in  cold  water,  soluble  in  alcohol  and  in  ether,  melta 
when  heated  with  water,  and  is  not  diflsolvwl  by  ammonia.  (Wala.) 

SZOZTASO&ZXr.  (Wall.  N.  Jabrb.  Pharm,  ix.  302;  J.ihr«bor.  d.  Chem.  18 
p.  $29.) — This  substance,  now  called  by  Walz,  digitalin,  constitutes,  according  to  1 
observations,  the  principal  portion  ana  the  active  principle  of  comtnercinl  digitV 
Its  formula,  according  to  WjiIk'h  liitcst  determination,  is  C*'li"<3'*.  WHien  eoramr r 
digitalin  is  eihausteS  with  ether  (to  remove  digitiihicnn),  the  dry  residue  tn-at^ 
■with  water,  and  the  iiqueous  extract  either  purified  with  animal  charcoal  andemponiti ' 
•r  treated  with  oxide  and  basic  acetut  n  of  lead,  then  freed  from  lead  hy  sulphuric  r\c. 
Heutraiiaed  with  ammonia,  and  precipitated  b;  tanain,  digitaaolin  ts  obtain^!  a«| 
yellowish  timorphoue  mosa,  which  is  soluble  in  120  pta.  of  oold  and  40  pta.  of  boilia^ 
water,  differing  therein  essentially  from  the  conipoiund  usually  called  digitalis. 
(Walz'a  Di^ituhtiH,  p.  328.) 

Digitaaoliu  is  deeomposed  by  boih'ng  with  dilute  sulphuric  acid,  yieldinp  digi  tali, 
retin.  C'«U»*0*,  soluble im  alcohol  and  ether,  and  mi'Itingat  60**  C,  and  parHrfijrita- 
letin,  C*'ll*'0*f  insolablo  in  ether,  soluble  in  alcohol,  and  remtiining  solid  at  100**  C. 
(^  328). 

llZOrroi.SZC  ACZO.  (Kossmann.  J.  Chim.  mod.  [3]  ii.  377.)  — A  kind  of 
fitty  iicid  cnrifained  in  the  leaves  of  Diffitaiit  jnirpurta.  It  is  obtained  by  exli&aslint:^ 
the    leaves  with  cold    wiiter,    precipithting   with    acetate    of  lead,    deci  ... 

ppcipitiitfl  with  carbonate  of  sodium,  trejiting  the  filtor^d  solution  witli 
«''id,  which  prec^ipttiit  s  the  diKiU'Icio  acid,  and  crystallising  the  pmduct  ;.    .„  .  . 
alcohol.     The  iicid  CTysr«llJses  in  slender  needles  grouped  in  stars    or  j^n^ns 
having  a  jEfroen  colour.     Ta.Htc  bitter,  odour  agr'^ibly  tiromatic     Sparingly  loluLlel 
writer.  veiT  KohibJe  in  nlcohfil  and  ether.     Reddens  litmus  and  espeht  carbonic  i 
from  Rlkaline  Btxl  enrthy  cftrlKJtiiitea, 

The  <1init)Uat'f  arf  ypllow  or  pi-eenish  yelli>w;  thoi<e  of  the  alkalis  are  soluble;  ! 
rest  insoluble.     The  solutions  of  the  alkaline  salt^  frtith  like  soap-water. 

DZBTSKZTZi.     Cii'PO'.2CuH0.  — A  basic  phosphate  of  copper  from  Nia 
Tugilsk  in  the  Unil.     (See  PKusPHATBa.) 

ZIZJCA.-BRSAZ>.     A  veget^ible  substance  somewhat  resembling  cocoa,  pn>paii 
from  the  fmit  of  the  Mnngifcra  Gabonenns,  a  tree  frruwing  abundantly  on  the  w 
coast  of  Africa,  from  Sierra  Leone  to  the  Gaboon.     The  finiit,  which  if  about  as  Ik 
as  a  swan's  egg,  contains  a  white  almond  having  an  agreenble  taste.     These  ahnnni 
when  coarsely  bruised  and  warm-pressed,  form  dika-breatl,  which  has  <i    ■ 
with  white  spotsi.  smelk  like  rousted  cocoa  and  roasted  flonr,  has  an  ajn- 
what  bitter  andas^trineent  tnste,  and  is  greft*y  to  the  touch.    It  is  a  va!i  le  1 

of  food,  and  is  used  abundantly  by  the  natives  of  the  country. 

Dika-bread  contains  a  lai^e  quantity  of  fat.  p'ltorke  {J.  Pharm,  [3],  -«-g^i  276) 
obtained  from  it  from  79  to  80  per  cent,  solid  fat,  roeltiuft  at  30°  C.  Oudematin* 
(J.  pr.  Chem.  Ixxxi,  356)  obtained  by  exhaustion  with  ether,  66  percent  fat,  mellin>; 
nt  33"  C  The  fat  has  an  ai^^eable  odour,  and  is  easily  saponified  by  pota«h,  yielding 
royristic  and  lanric  acids,  but  no  volatile  acid. 

DZXATA-TZON-.     See  HsiiT. 

B£Z»ATOMSTBX.  This  name  is  given  by  Konp  to  a  thermometric  ap^ntns 
for  measuring  the  expansion  of  liquids  (see  Hsat)  ;  by  Silberraann  to  an  instromf-nt 
which  he  uses  for  measuring  the  expaniion  of  a  mixture  of  two  liquids,  and  thence 
determining  t^eir  relative  quantities;  e.g.  for  determining  the  strength  of  a^ncovs 
alcohol. 

DZKmnUC  ACIDt   Niirotiilitic  acid.    (Scltlieper,  Ann  Cb.  Pharm.  Itl  S3.) 
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Wlicn  aqneona  alloxiuititi  U  boiI<>d  with  hydrodUonc  add;  the  mixture  of  slliturie 
acid  and  iilloxiiiitia  which  9«parnt<^«  oit  p<k  Hug,  trrntpd  with  nitric  acid,  to  diasolrr  ont 
the  hitter;  the  nitric  acidtiolution  treated  with  Bulphtm'ttvd  hvdrogtMj,  and  flltcrrd ;  and 
the  filtrate  mixed  with  nitric  add,  and  eruporat^d  toone-thtrJ ;  —  a  Yellowish  powder  ia 
oMaioed,  which,  by  reciyntalliBMtion  from  hot  water  yields  yellow  laminae  ochlifper 
Udigiia  to  thia  componad  the  formuk  C'n*N*0*,  ana  regards  it  as  the  ammonium^ 
aalt  of  a  peculiar  acid,  which  he  has  Dot  succeeded  in  isolating,  which  be  caUa 
Diiitarie  add.  The  compound  is  nearly  in»alu1>le  in  cold,  epuringly  solnbic  in  hot 
water;  insoluble  in  Hramonia;  solable  in  salphoric  add,  and  rcprecipitatcd  nnchanged 
by  water ;  neither  dissolred  nor  decoopoaed  by  nitric  acid.  It  is  soluble  in  dilate 
potash,  with  erolutiun  (>l  Ammonia:  from  the  solution  acids  predpitato  acid  diiilurate 
of  potHnum,  The  a<Hd  appeara  to  be  dibasic  Besides  the  potassium-salt,  Schlioper 
has  analysrtJ  it*  oilver-tMilt.    (See  Addkkda,  p.  966.)  F.  T.  C. 

nTt^KWm.  4Al'0*.3SiO»  4-  8H»0.  (HaidinRer,  Popg.  Ann.lxxviii.  fi73.— 
Jahresber.  t.  Cham.  1849,  7d9.) — The  compact  arfpUaceuos  mass  in  wliich  the  diasnore 
of  Schemnitz  is  imbedded,  consists  of  three  varifties,  one  of  which  (a)  is  agalmatoute, 
while  the  other  two  (A  lind  c)  contain  a  miaeral  not  prcdoiuily  obsorveo,  to  which 
liitidinjeirr  eives  the  name  of  DiUnitr,  from  the  locality,  Dillna,  near  Schemoita, 
where  it  occurs.  The  agalmatolite  (a)  is  translucent,  with  grey  or  greenish  colour, 
fcttr  lustre  and  splintery  fracture.  Hardness  -  2o  to  3  ;  spedOc  gravity  =  2-T,i5. 
Diiinite  (A),  called  coilyritt  at  Schemnitz,  has  the  composition  above  stated :  it  is  white, 
opaqne  and  dull,  earthy,  and  adheres  strongly  to  the  tongue.  Rardnea^  18  to  2. 
Spv'dfic  gravity  2'674.  The  Tariety  r,  called  BUdttetn  st  Schi-ninits,  is  uIk)  white, 
opaque  and  dull,  but  has  a  flat  conchoidal  or  uneven  fracture ;  bardneta  3-6  and 
sjwvific  gmdty  2'8:i5  :  it  is  dillnite  mixed  with  a  hydrate  of  alumioinm,  A1*H*0'  or 
Al*O<.4U-0.     The  foUowiug  are  the  analyses  of  thMe  minerals : 
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The  diaspore  is  found  most  abundantly  io  the  aeeood  variety. 

SI&&,  OZXi  OF.  Oil  of  Celtry,  Olftim  amrtki,  Tlic  volatile  oil  of  Apivm  (or 
Anethum)  qrav&)^^n4.   It  has  a  pale  yellow  coK>ur,  becoming  brownish  by  age,  the  same 

»  pungent  odour  as  tho  seeds,  aUfl  a  sweetish  tiiste.  Specific  gnivity  088t<30'9l ;  of  old  oil, 
■ccOTding  to  Zeller,  0-95.  Sparingly  »nluMe  in  watt^r.  Msilv  in  aJcyhol  and  ether. 
Boils  at  about  190^  C.    (Handw.  d.  Chero.  2"  Aud.  ii.  [3]  468.) 

9ZXCAGVEITZTS.  A  mineral  consisting  mainly  of  ferroso-ferric  oxide,  which 
occurs  in  rhmribic  prisms  at  Monroe,  Orange  County.  Now  'i'ork,  and  i"*  regarded  by 
Shepard  (Sill.  Am.  J,  [2]  liii.  392)  as  a  diBfinct  nt^HX-ics.  Aocor<linK  to  Dana, 
however  {Minfralr>gy,  iL  206),  it  is  a  pseadomorph  of  magnetite  after  licvrite. 

nxZlCSTAPHOSPHOKXC  ACXB.    See  pHOSfiiOBtrs,  OxTonroACiPfl  or. 

SXSCORPBZXrS.  A  nuUJjidf  of  arsenic  fn>m  tlie  Solfatara,  Pozruoli.  It  fomja 
minul^  tniiivtrii:;  crystals  of  vory  complirHted  form,  and  is  reganled  by  Scacchi 
{Mem.  ^tol.  gutia  CainjHima,  Nupoli,  1849)  as  a  distijict  gpecies.  It  has  not,  liow- 
«T«r,  beeo  analysed,  and  is  perhaps  a  mere  variety  of  orpimcut,  wliich  it  very  nioch 
tcaemblea. 

SZMOSVBZSIMI,  and  TltKMOSPHXSBf.  Many  sub^ttances.  both  simpln  and 
compound,  crystallise  in  forms  which  belonp  to  two  or  three  difffrert  systems  of  erjs- 
(allisation,  or  which,  even  if  they  belong  to  the  same  system,  yet  exhibit  Huch  difii-rence 
in  their  corresponding  angles  as  to  render  it  quite  impossible  to  ntduw  them  to  the 
Mme  form:  thui  was  first  shown  by  Mit,vh<Tlich  in  1823  (Ann.  Ch.  Phys.  [21  xjtiv. 
264).  Buch  bodies  are  said  to  be  dimorphouii  and  trimorphouB.  The  dinerence 
of  crystalline  form  which  they  exhibit  ii  assodated  with  difference  of  specific  gravity, 
hardness,  colour,  and  otber  properties.   Whether  a  body  nhtill  crystidlipe  in  one  system 

^or  another  84>ems  to  depend  chiefly  on  femperature.  C'rysttale  formed  jit  one  particular 
terap»'initure,  and  then  exposed  to  that  tempcratnre  at  which  crjstalsof  a  different  kind 
are  produced,  often  lose  their  transparency,  and,  without  alteration  of  external  form, 
iMBome  changed  into  an  aggregate  of  email  crystals  of  the  latter  kind;  examples  of  this 
'■Itw^tion  of  Htructtire  are  afforded  by  sulphur,  carbonate  of  calcium,  mercuric  iotlide, 
and  many  other  l>odiea.  Sometimes  the  form  of  the  crystnl  \-Hrii^s  according  to  the 
solvent  from  which  it  sepsrates;  thus,  arneninus  anhydride  erystallisos  fn>m  water  oi 
hydroohkiric  acid  in  regutar  octahcdrunf,  from  alkaline  hulutiona  in  trimelric  prisms. 
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The  most  important  cases  of  dimorphism  hitherto  observed,  ire  u  foUowi: 

1.  In  elementary  bodies. 

Carbon,  in  the  diamond,  forms  crystals  helonfnng  to  the  monometrie  tyettaik 
craphite,  to  the  hexagonal  system.  If  -the  amorphous  varieties,  charcoal,  aDthnrihg 
&c.,  are  likewise  taken  into  account,  carbon  may  be  regarded  as  trimoiphons. 

Artenie,  antimony,  phosphorus,  bismuth,  paUadium,  iridium,  eopftr,  and  probtUf 
iron,  likewise  crystallise  in  the  monometrie  and  hexagonal  systemsi 

Tin  exhibits  forms  belonging  to  the  monometrie  and  dimetric  systema. 

Sulphur  crystallises  on  cooling  from  a  state  of  solntion  in  snlphide  of  CHlmi  in 
rhombic  octahedrons  belonging  to  the  trimetric  system,  exactly  like  those  of  astiTs 
sulphur ;  if,  on  the  other  hand,  melted  sulphur  be  allowed  to  eool  alovly  till  a  poitioa 
of  it  has  become  solid,  and  the  still  liquia  portion  be  then  poured  out,  the  solidifled 
portion  exhibits  oblique  rhombic  prisms  belonging  to  the  monoclinie  system.  Tbaa 
are  at  first  perfectly  transparent,  of  a  deep  yellow  colour,  and  somewhat  haidar  sad 
denser  than  those  of  sulpW  crystallised  in  the  cold;  bat  after  beinff  kept  for  a  far 
days  at  ordinary  temperatures,  th^  become  opaque,  and  of  a  straw-ydlow  edoK 

According  to  Frankenheim  (J.  pr.  Chem.  xyL  6),  sulphur  assume*  the  fena  of  Ap 
oblique  rhombic  prism  when  precipitated  from  solutioniy  or  sablimed,  at  tmpcnlaiia 
near  its  melting  point 

2.  In  compound  bodies.  A  compound  is  said  to  be  dimoiphona,  only  whoi  the  twa 
fbrms  which  it  assumes  are  perfectly  identical  in  chemical  compoaitioD.  l^ns,  a  sdt 
which  crystallises  in  two  forms  is  not  dimorphous,  if  these  fbnns  belong  to  difinal 
hydrates ;  thus  the  two  hydrates  of  sulphate  of  nickel,  vis.  Ni^SO*  -t-  8  aq,,  wUA 
is  dimetric,  and  Ni'^*  +  aq.,  which  is  trimetric,  do  not  afford  sd  iBStMwe  Ol 
dimorphism. 

Cuprous  oxide  occurs  in  ordinary  red  copper  ore  in  rvgnlar  oHahedront  and  othsa 
forms  belonging  to  the  monometrie  system,  but  in  copper-bloom  it  exhibita  fiinns  oj 
the  trimetric  system. 

Protoxide  of  lead  crystallises  after  fusion,  as  well  as  ftom  a  saturated  aolation  in  hoi 
concentrated  caustic  potash,  in  yellow  rhombic  octahedrons.  If,  however,  the  sohtioc 
in  not  ftdly  saturated  with  oxide  of  lead,  so  that  crystallisation  does  not  take  place  til 
after  complete  cooling,  red  crystalline  scales  are  depowted  on  the  yellow  rhombieoctv 
hedrons  just  formed :  if  the  red  crystals  are  heated,  they  turn  yellow  on  eoolingi  ia 
consequence  of  passing  into  the  first  form.    (Mitscherlich,  J.  pr.  Chem.  xix.  4AL) 

Titanic  oxide,  TiO\  occurs  in  niiture  in  the  three  forms  of  anatase,  rutile,  and  brookite 
Anatase  and  rutile  are  both  dimetric,  but  their  angles  are  incompatible,  ao  that  the^ 
cannot  be  reduced  to  the  same  primitive  form ;  moreover,  the  specific  gravity  of  aaatiM 
is  3-826,  that  of  rutile  4-249.     Brookite  is  trimetric. 

Arsenious  oxide,  As»0«,  generally  crystallises  in  regular  octahedrons;  but  Wohle  : 

iPogg.  Ann.  xxvi.  177)  found  it  also  in  the  fbrm  of  native  oxide  of  antimooj,  Sb^ 
valentinite),  which  belongs  to  the  trimetric  system.  Wohler  also  olttained  artiflei^ 
crystaUiaed  oxide  of  antimony  in  regular  octahedrons.  Consequently  Aa'O'  and  SbKCl 
arc  iso'dimorphous ;  i.  e.  they  are  capable  of  crystallising  in  twodiflhtcnt  ftm 
which  are  similar  each  to  each. 

Cuprous  sulphide,  Ccu^S,  appears  in  copper-glance  in  crystals  of  the  trimetric  lysleaa 
but  Mitscherlich  (Pogg.  Ann.  xxviii.  157),  by  melting  together  lai]ge  qnantitiNC) 
copper  and  sulphur,  obtained  it  in  regular  octahedrons.  These  two  fcNrma  are  lioulB 
to  those  of  the  red  oxide  of  copper. 

Bisulphide  of  iron  occurs  in  nature  as  iron  pyrites  in  crystals  belonging  to  fla 
regular  system,  and  as  marcasite,  in  forms  of  the  trimetric  system,  the  latter  bei^g  c 
a  paler  yellow  and  much  softer. 

Mercuric  iodide  s«panitefl  from  solution,  and  likewise  anblimee  at  >  verr  gentle  bead 
in  scarlet  tables  b».onging  to  the  dimetric  system,  but  when  snUimed  at  a  hi^k* 
temperature,  in  sulphur-yellow  rhombic  tables  of  the  monodinic  system.  The  re 
crystals  turn  yellow  when  heated,  and  resnme  their  red  tint  on  cooling.  Tbe  ydlo" 
crystals  obtained  by  sublimation  retain  their  colour  when  cooled;  but  on  the  ibghte* 
rubbing  or  stirring  with  a  pointed  instrument,  the  part  which  ia  tooched  toma  anitc 
and  this  change  of  colour  extends,  with  a  slight  motion,  aa  if  the  nuM  woe  alrv 
throughout  the  whole  group  of  crystals  as  far  as  they  adhere  together. 

Carbonate  of  calcium,  Ca-'CO*.  m  the  form  of  calcspar,  whose  specific  gmTitf  «ST2 
belongs  to  the  rhombohedral ;  in  arrstponitp,  whose  specific  gravity  is  2-931,  to  ♦! 
trimetric  system.  An  explanation  of  this  difference  was  formerly  sought  in  the  'Cb 
discovered  by  Stromeyer,  viz.,  that  arragonite  usually  contains  ami^  qoaatitieB 
carbonate  of  strontium.  The  same  )>eculiarity  in  presented  by  carbonate  qf  iron  (L  t&i 
which  in  sparry  iron  ore  (of  3-872  specific  gravity;  has  the  form  of  caicwpmr,  in  jnakrxH 
(of  3-816  specific  gravity)  that  of  arragonite.  Hence  CaKX;*,  and  Fei*00'  ■«»  mo* 
notphooB.  If  a  solution  of  carbonate  of  calcium  in  water  ountainii^  cmbopic  acid  b»  *&■ 
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to  enoonte  at  the  ordinary  temperatttre,  nothing  is  obtuinetl  bdt  calcitpar,  in  niicn>< 

Napird  ind.  for  the  most  party  tnmcHted  primitive  rhombohedrons ;  if,  on  the  contnii7, 

the  lolation  be  eTuwrated  over  the  water^batb,  arragonite  ia  obtained  in  small  aiz- 

niii  prisBia,  mixea  with  a  few  ayataLi  of  calcspar,  because  the  temperature  of  the 

rihtioB  is  lower  at  flnt  than  it  afterwards  becomes,  and  the  specific  gravity  oi  the 

liqBid  is  not  higher  than  2*803.    When  an  aqueous  solution  of  chloride  of  culcinm  is 

■iifdtt  ordinary  temperatures  with  an  aqueoos  solution  of  carbonate  of  ammonium,  a 

ninaiiioiii  flocenlent  precipitate  of  chalky  (amorphous  ?)  carbonate  of  calcium  is  fknrt 

prodaecd,  which,  if  immediately  collected  on  a  filter,  washed  and  dried,  remains  un- 

iltcRd,  possfsainE  a'  specific  gravity  of  2716,  and  appearing  under  the  microHcope  to 

(OBut  of  small  opaque  granules ;  but  if  this  same  precipitate  be  left  for  some  time  in 

th«  aline  liquid  from  which  it  has  l)een  precipitated,  it  collects  into  niicroscopicHl 

ontab  of  calrsfMr,  of  specific  ^vity  2*719.     if  the  same  saline  solutions  be  mixed 

holiflg.  the  carbonate  of  ammonium  being  added  to  the  chloride  of  calcium,  arragonite 

it  oUaiDed,  mixed  with  a  small  portion  of  calcspar.    !£,  on  the  contrary,  ^e  chloride 

tffalnnin  be  added  to  the  carbonate  of  ammonium,  arragonite  is  obtained  alone,  in  ex- 

mdiogly  small  ciyatala  of  specific  gravity  2-949.    If,  however,  these  crystals  are  not 

imnediately  collected  on  a  filter,  washed,  and  dried,  but  allowed  to  remain  in  the 

lifud.  they  gradually  change  after  tlie  liquid  has  cooled,  and  in  about  a  week  are  com- 

Jiktelj  converted  into  calcspar ;  in  pure  water  this  transformation  goes  on  much  mora 

*IoirIy.    When   carbonate  of  calcium  ia  fused  under  strong  pri'ssure,  it  invariably 

cmtalliaefl  on  cooling  in  the  form  of  calcspar.     A  tolerably  large  crystal  of  arragonite 

Ms  to  (neees  at  a  low  red  heat  without  losing  weight,  and  forms  a  white,  opaque,  roareo 

powder,  bavins  a  specific  gravity  of  only  2*706.     Hence  it  follows  that  carlmnatc  of 

alrium  ctystaUises  at  about  100^  C.  in  the  form  of  arragonite,  but  at  a  lower  tom|ie- 

ntore;  or  at  a  red  heat^  in  the  form  of  calcspar.     The  arragonite  which  oci^urs  in  the 

carmiB  of  volcanic  districts  must'  have  been  formed  by  infiltration  while  the  mass  was 

jftwunn.    (H.  Rose,  Pogg.  Ann.  xlviL  353.) 

yUrate  of  potassium  usually  crystallises  in  prisms  of  the  form  of  arragonite:  but  if 

I  dit^  of  the  aqneona  solution  of  this  salt  be  left  to  evaporate  on  a  glass  plate  and  the 

ojstalliiation  observed  under  the  microscope,  it  will  be  found  tliat,  side  by  side  with 

tke  pxiimatie  ciystals  at  the  edges  of  the  drop,  a  number  of  obtuse  rhombohedrons  of 

the  ealonarform  are  produced,  just  like  those  in  which  nitrate  of  sodium  ci^-Htallises.  As 

the  two  Kinds  of  arnitals  increase  in  size  and  approach  one  another,  the  rhombohedrons 

bteoma  rounded  off  and  dissolve,  because  they  are  more  easily  soluble  than  the  others, 

viiile  the  aingonite-ihaped  prisms  go  on  increasing  in  size.    When  the  two  kin<ls  of 

(lytUls  come  into  immeaiate  contact,  the  rhombohedral  ones  instantly  become  turbid, 

rquxre  an  uneven  surface,  and  after  a  short  time  throw  out  prisms  from  all  parts  of 

their  ni&cea.     Contact  with  foreign  bodies  also  brings  about  the  transformation  of 

the  rbombohedrons  while  they  are  wet    If  the  drops  are  so  shallow  that  the  liquid 

I        Ann  round  the  rhombohedrons  before  they  are  disturbed,  tlioy  will  remain  for  wet'ks 

I        vithont  disintegrating,  and  bear  gentle  pressure  with  foreign  bodies  without  alteration  ; 

Wrt  stronger  presmue,  or  scratching,  or  the  mere  contact  of  a  prismatic  crystal  of  salf- 

p(ti^  ctB-ies  them  to  change,  a  delicate  film  proceeding,  as  it  were,  from  the  point  of 

(oatMt  and  npreading  itself  over  their  surfaces ;  they  then  behave  towards  foreign 

Mia  Uke  a  heap  of  fine  dost,  but  retain  their  transparency.   The  rhombohedrons  are 

>ho  tniwfbnned,  without  alteration  of  external  appearance,  when  heated  considerably 

•hws  lOO^  C. :  they  then  become  much  harder,  because  the  fine  powder  first  produced 

l«kis  together  into  prismatic  crystals.   A  hot  solution  of  saltpt^tre  yields,  when  slightly 

(oolcd,  nothing  but  prismatic  crystals ;  but  at  10°  C.  priHmatic  and  rhombohedral 

*7*«li  Appear  together ;  if  alcohol  be  added,  the  latter  arc  formed  most  abundantly ; 

ue  addition  of  potash,  nitric  acid,  or  nitrate  of  sodium,  produces  no  alteration. 

(Frankenheim,  Pogg.  Ann.  xl.  447;  also  J.  pr.  Chem.  xvi.  I.) 

^•ammoniae,  whi^  commonly  crystallises  in  regular  octahedrons,  appesirs  at  higher 
^pcntorea  to  asMuna  forma  belonging  to  the  trimetric  system.  (Frankenheim, 
J-pr.Cliem.xvL8.) 

M^  of  potassium,  which  usually  crystallises  in  ou>>es,  likewise  forms  square  prisms, 
■rth  tmncated  snmmita,  which  cannot  be  regarded  as  cubo-octHhedrons,  because  their 
Jrtiihe^rel  faces  are  not  equally  inclined  to  all  the  adjacent  prismatic  faces;  P  :  oP  = 
I20O;  p :  obP  -  mbout  160.     (Kane,  Phil.  Mag.  f.rj  xvi.  22-2.) 

('"iroiHste  of  lead  occura  in  red  lead  spar  in  the  form  of  mono<'Hnic  prisms  ;  but  in 
enmutateof  lead  from  the  Bannat,  the  same  substance  pwsi'nts  forms  belonging  to  the 
vioivtrie  itystem,  having  the  same  angles  as  molybdate  of  lead  (Johnston,  PhiL 
^fi^]  xi  387.) 

Ml  kJ****"*  tfniektt,  Ni«SO*  +  7  aq..  crystallises  («)  below  15^  C.  in  trimetric  prisms, 
•jJ^Wtween  16°  and  20<»  C.  (69°  and  68"  Fahr.)  in  acute  dimetric  octahedrons,  and  (e) 
"'Or^  JO°C.  (86°  Fahr.)  in  moiiocliui«;  prisms ;  it  ia  therefoi-e  trimorph-na.    The  right 
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The  most  important  cases  of  dimorphism  hitherto  ohienred,  are  aa  foUowa : 

1.  In  dmurUarjf  bvdk». 
Carbon,  in  the  diamond,  forms  cn'stAle  belonping  to  the  mononiotne  ajst^m ;  io 

CTuphite,  to  the  hExagnnal  system.     If  the  amorphous  ranct}f«,  charcoal,  antiindt^ 
fitt,  are  likewise  taken  info  account,  carbon  may  be  regarded  a«  triraorpboua. 

Arneni'c,  antimony,  phogphoruf,  bismuth,  pal/adium,  iridittm,  copper,  uid 
iVtrn,  likewiB*  crystallise  in  the  monometric  and  hexugnnul  systema, 

2¥n  exhibits  forme  belonging  Xa  the  monometric  anrl  dimotric  ajstenw. 

Sulphur  rrjutaUiaea  on  cooling  from  a  state  of  solution  in  salphide  of  carbon  x 
rhombic  oct-iihedrena  bdomging  to  the  trimetrie  system,  exactly  Uke  those  of  native 
iiUphur ;  if,  on  the  other  hand,  melted  sulphnr  be  allowed  to  cool  B\aw\y  tiU  a  portioo 
of  it  haa  become  solid,  and  the  still  liquid  portion  be  then  poured  ont,  the  eolidiflfd 
portion  exhibits  obliqne  rhombic  jirisms  belonicjing  to  the  monoclinic  system.  Than 
are  at  first  perfectly  transTparent,  of  a  deep  ypUow  colour,  and  somewhat  harder  and 
denser  than  those  of  sulphur  crystallised  in  the  cold;  but  after  being  kept  for  a  few 
days  at  ordinary  temperatures,  they  become  opaque,  and  of  a  straw-yoUow  eoloar. 

According  to  Frankeuheim  (J.  pr.  Chem.  xvi  fi),  Bolphur  assumes  the  form  of  the 
obliqne  rhomliic  prism  when  precipitated  from  solutiona,  or  sublimed,  at  tnapetmtam 
near  its  melting  point. 

2.  In  compound  hodin.  A  compound  is  said  to  be  dimorphous,  only  when  the  tw© 
forms  which  it  ussuraes  are  perfectly  identical  in  chemical  composition.  Thus,  a  salt 
which  crj-stjilliBea  in  two  forms  is  not  dimorphous,  if  these  forms  belong  to  difierrot 
hydrates ;  thus  the  two  hydmtes  of  Bulpbite  of  m'ckel,  viz.  Ni'SO*  •♦-  6  aq.,  whirk 
is  dimetric,  and  Ni*SO*  +  aq^  which  is  trimetrie,  do  not  afford  an  inatance  of 
dimorphism. 

Cuprova  oxide  oocora  in  ordiBary  red  copper  ore  in  repdar  oMahedrona  and  othar 
forms  belonging  to  the  monometric  system,  but  in  copper-bloom  it  exhibita  forms  of 
tlie  trimetrie  system. 

Prutflxidf  oj  Uad  crystallise*  after  fiieion,  aa  well  aa  ftom  a  »«tiirate«l  solution  in  fiot 
concent-rated  caustic  potash,  in  yellow  rhombic  (wtahedrons.  If.  however,  the  solution 
is  not  fully  saturnted  with  oxide  of  lead,  no  that  crystAlliaation  does  not  take  plxce  till 
after  complete  cooling,  red  crystalline  acides  are  depoHited  on  the  yellow  rhombic  ueta- 
hodrons  jiwt  formed :  if  the  red  crystals  are  heated,  they  tnm  yellow  on  cooling,  in 
consequence  of  passing  into  the  first  form.     (Mitscherlich,  J,  pr.  Chem.  xix.  461. 1 

Titanic  oxidt,  TiO*.  occurs  In  nature  in  the  thrw  forms  of  anatase,  rutDr,  and  brookile. 
Anntase  and  rutile  are  both  dimetric,  but  their  angles  are  incompatible,  so  that  they 
Crtnnot  be  reduced  t-o  the  same  pri  mi  tire  form  ;  moreoTcr,  the  specific  gravity  of  aaataM 
is  3-826,  that  of  rutile  4-249.     Urookite  is  trimetrie. 

Arsenioua  oxidf^  Afl*0",  gcnprally  crvstidliBes  in  regular  octahedrons;  but  "Wohler 
fPogg.  Ann,  xxvi.  177)  found  it  also  m  the  form  of  notive  oxide  of  antimony,  Sb*0* 
(vjilentinite).  which  belongs  to  the  trimetrie  Byfitera,  Wohler  also  obtaine<l  artiflcially 
crj-rtlalliseJ  oxid*-  of  antimony  in  r«>giiiftr  octahedrons.  Consequently  Aa'O*  and  Sb*0* 
iirp  isn-dimorphoug ;  L  e.  they  are  CMpable  of  crystallising  in  two  different  fbrms 
which  are  similar  each  to  each. 

Cuproits  sulphidr.  Cent's,  appears  in  copper-glance  b  crystals  of  the  trimetrie  srstem ; 
but  Mitpcherlich  (Po^g.  Aim.  xxviit,  157),  by  melting  together  large  quantitifti*  rif 
coppi'r  and  sulpliur,  obtained  it  in  regular  octahedrons.  These  two  forma  ore  similor 
to  those  nf  the  red  oxide  of  copper, 

Dixulphid^  of  iron  occtirs  in  natnre  as  iron  pyrites  in  crystil*  belonging  to  the 
Tsgalar  system,  and  na  marcasite,  in  forma  of  the  trimetrie  system,  the  latter  being  of 
a  paler  yellow  and  much  softer, 

Mrrcuric  iodide  s«parutes  from  solution,  and  Hkewise  sublimes  at  a  very  gentle  heat, 
in  scarlet  tables  bfr.onging  to  the  dimetric  system,  but  when  sublimed  at  a  higher 
temperature,  in  sulphur-yell nw  rhombic  tables  of  the  monoclinic  s^'stem.  The  rtA 
crystals  turn  yellow  wh«n  heated,  and  rpsume  their  red  tint  on  cooling.  The  ^eDow 
crystftls  obtained  by  sublimation  retain  their  colour  when  cooled;  but  on  the  slightest 
rubbing  or  stirring  with  a  pointed  instrument,  the  part  which  is  touched  tarns  scarlet, 
and  this  change  of  colour  extends,  with  a  slight  motion,  afl  if  the  maas  w«re  alivt^ 
throughout  the  whole  group  of  cn'stala  a*  far  a«  they  adhere  together. 

Carbonaif  of  caMnm,  Ca'CO",  in  the  form  of  OHlcupaj',  whose  specific  gravity  •»  2-731, 
belongs  to  the  rhombobedriil ;  in  amigonite,  whose  specific  gravity  is  2-931,  to  fhs 
trimetrie  system.  An  explaiiHtion  of  this  difference  was  formerly  »oaght  in  the  fact 
discovered  by  Stromeyer.  viz.,  that  arr&pniiit«»  usually  contains  small  quaatities  of 
carbonate  of  strontium.  The  same  j^cdlittrity  is  jiresrnted  by  carhonaU  of  iron  (i.  359\ 
which  in  sparry  iron  ore  (of  3*872  specific  gravity'!  hiw  the  form  of  calcspnr.  in  junkcrits 
(of  3-81 6  speeiflc  gravity)  that  of  arragonite.  "Hence  Ca*C<)*,  and  F©*CO»  are  isodi- 
moiphooa.  If  a  solution  of  carbonate  of  odcium  in  water  cuntuimag  carbonic  add  be  left 
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to  mponte  ai  the  ordinary  t«inper»riu«;  nothing  is  obtain**!  hot  ralaipAr,  in  micm- 
•eo(Mcml  and,  for  the  most  part,  truncated  primitive  rhomlfobedrouB ;  if,  on  the  contrurjr, 
the  aolatioo  be  entponited  orer  the  watcr*bsth,  arragotiite  ui  obtniaed  in  smalt  six* 
aided  prisma,  mizea  with  a  few  crjstala  of  culcupar,  becausp  the  temperature  of  the 
•olotion  ia  lower  at  first  than  it  afVcrwaida  becomes,  and  the  specific  gmTity  oi  the 
bqaid  ia  not  higher  than  2-8U3.  When  ub  aqueous  solution  of  cliloride  of  nilrinm  is 
mixed  at  ordinary  temperatures  with  ao  aqaeoaa  solution  of  carbonate  of  aramoniam.  a 
▼olumiooaa  flooculent  precipitate  of  chalky  (amorphous?)  carbonate  of  calcium  is  first 
produoed,  which,  if  immediately  collected  on  a  filter,  washed  and  dried,  remains  un- 
altered, posaeaaing  a'specifle  graviW  of  2  716,  and  appearinc;  under  the  mieroseo|«c  to 
consist  of  small  opaqne  granules;  bnt  if  this  same  pi^ecipitiite  be  left  for  some  time  in 
the  saline  liquid  from  which  it  h«ii  been  precipitated,  it  collects  into  mieroscopicMl 
ctyatals  of  caicspnr,  of  specific  ^rity  2719.  If  the  aamo  saline  solutions  be  mixed 
boiling,  the  carbouiite  of  ammonium  being  added  to  the  chloride  of  calcium,  arrugouite 
ia  obtained,  mixed  with  a  small  portion  of  calespar.  It,  on  the  contrary,  the  chloride 
of  calcium  be  added  to  the  carbonnte  of  ammonium,  arragouite  is  obtained  alone,  in  ez- 
eeedingly  small  cryBtaL!  of  specific  grarity  2-949.  If,  howerw,  these  ayatals  are  not 
immediately  collected  on  a  filter,  washed,  and  dried,  but  allowed  to  remain  in  the 
liquid,  they  grmduiiUy  change  after  the  liquid  hue  cooled,  and  in  about  a  week  are  com- 
pletely convcrtoii  into  calcapor ;  in  pure  water  this  transfommtion  goea  on  much  mop© 
■lowly.  When  carbonate  of  calcium  is  fused  under  strong  preasure,  it  inrariably 
crystallises  on  cooling  in  the  form  of  calcapar.  A  tolembly  largo  crystal  of  arrsgonite 
fislls  to  pieces  at  a  low  red  heat  without  losing;  w«»ight,  and  forms  a  white,  opaqne,  coarfe 
powder,  baring  a  specific  grarity  of  only  2706.     Hence  it  follows  that  carbonate  of 

'ciam  ccystaUiaea  at  about  100'*  C.  in  the  form  of  arragonite,  but  at  a  lower  t«nni>e- 
,  or  at  a  red  heat,  in  the  form  of  caloipAr.  The  arnigonito  which  oocure  in  the 
» of  Tolcanie  districts  must  hare  been  formed  by  infiltration  wrbile  the  nmaa  wua 
yet  warm.     (H.  Rose,  Pogg.  Ann.  xlrii  353.) 

titrate  ofpottufium  usually  crystallises  in  prisma  of  the  form  of  nrraponite:  bnt  if 
a  drop  of  the  aqueooa  solution  of  this  «ult  be  left  to  Braporate  <ia  a  gla-<s  plate  and  the 
crystalliaatfon  obaerrrd  under  the  microscope,  it  will  be  found  tlmt,  aide  by  aide  with 
the  prismatic  crystals  at  the  ed^es  of  the  <htjp,  a  number  of  obtuse  rhombohedrons  of 
the  calespar  form  are  produced,  just  like  tboee  in  which  nitrate  of  sodium  cr}'Btalli8es.  As 
the  two  kinds  of  crystals  incrtfaoe  in  size  and  approach  one  another,  the  rhombohedKina 
become  rounded  on  and  diasolre,  because  they  are  more  easily  soluble  than  tlte  other*, 
while  the  arnigDnite>ihiiped  prisms  go  on  increjiaing  in  size.  When  the  two  kind»  of 
nystals  come  into  immedinte  contact,  the  rhombohedral  ones  instantly  become  turbid, 
arquire  an  uneven  surface,  and  after  a  abort  time  throw  out  prisms  from  all  pai-ts  of 
their  surfaces.  Contact  with  foreign  bodies  also  brings  about  the  transformation  of 
tha  rtomMhedrons  while  they  are  wet  If  the  drops  are  so  shallow  that  the  liqui<| 
driM  round  the  rhombobedrons  befbre  they  are  disturbed,  they  will  remuin  for  week* 
without  disintegrating,  and  bear  gentle  pressure  with  foreign  Ixidies  without  alteration  ; 
but  stronger  prearare,  or  scratching,  or  the  mere  contact  of  a  prismatic  crystal  of  snlt- 
petre,  causes  them  to  change,  a  delirate  film  proceeding,  as  it  were-,  from  the  point  of 
contact  and  spreading  itaelf  orer  their  surfaces;  they  then  behare  towards  foreign 
bodiea  like  a  heap  of  fine  dust,  but  retain  their  transparency.  The  rhombohedrone  ure 
alao  tran.«rformed,  without  alteration  of  external  appearance,  when  heated  con-siderably 
■  ore  100**  C. :  they  then  become  much  harder,  becauae  the  fine  powder  (IrRt  produced 
together  bto  prismatic  crystals.  Ahotsolution  of  saltpetre  yields,  when  slightly 

1,  nothing  but  prismatic  ci3rBtalB;  but  at  10*0.  pfismatic  and  rliombohcdnil 

CTTStals  appear  together ;  if  alcohol  be  awjded,  the  latter  arc  formed  mo<>t  abundantly ; 
the  addition  of  potash,  nitrie  acid,  or  nitrate  of  sodium,  produces  no  altenitiou. 
(Frankenheim,  Pogg.  Ann.  xl.  447:  also  J.  pr.  Chem.  xri.  1.) 

SaJ-ammrmiae,  which  commonly  crystaUiaes  in  regular  octahedrons,  appenrs  at  higher 
temperatures  to  aseume  forma  belonging  to  the  trimetric  syatom.  (Frankenheim, 
J.  pr.  Chem.  xvi.  3.) 

Iodide  of  ptttaafium^yrhich  usuiilly  crystallises  in  cubes,  likewise  forms  square  prisms, 
with  truncated  snmmita,  which  cannot  be  regarded  aii  cubo-oetahodrons,  because  their 
oot4ihcdnd  faces  are  not  equallr  inclined  to  ^1  the  ad^jacent  prismutic  facea;  P  :  oP  » 
120*;  P  :  oeP  -  about  160.  '(Kane,  PhU.  Mag.  [3]  xvi.  222.) 

Chro/natt  of  lead  occurs  in  red  lead  spar  in  the  form  of  monoidiuic  prisms ;  but  in 
ehromate  of  lead  from  the  Bannat,  the  same  subntance  presents  forms  belonging  to  the 
dimetric  sTstem,  baring  the  same  angles  ae  molybdate  of  lead,  (Johnston,  Pbfl. 
Mj«g.  [8]  xii.  387.) 

Siitphatf  ofnii-kr/,  Ni-SO'  +  7  aq..  cry«tallisc»  (a)  below  16'  C.  in  trimetric  priama, 
(A)  between  16*^  and  20*  C,  (50°  and  68^  Fahr.)  in  acute  dimetric  OL-tahedrons.  and  ^r) 
above  3(P  C.  (86°  Fahr.)  in  moinx'Unic  prianis ;  it  ia  tbercfoi-e  trimorfhotn.    The  right 
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rhombic  pi-Uow  {a)  when  exposed  to  snnlight  for  A  few  daja,  neither  liqaefjr  nor  !(?«• 
their  form  or  water  of  cryirtailiiJation,  tut  when  broken  are  fotmd  to  be  tmide  up  of 
uquare-based  octAhedronji,  often  RevenJ  lines  in  length. 

The  following  snlte,  isomorphoaB  with  sulphat*  of  nickel,  hare  hitherto  been  obtained 
in  only  two  out  of  the  three  forma  just  mentioned.  Sulphate  of  rin4\  Zn*SO*  +  7  tq^ 
ciystulliMii  below  62*  C.  in  form  a ;  below  52°  C^  ae  obeerred  by  Haidinger  in  l^ 
triinspareDt  cryatda,  like  e ;  if  a  crystal  a  be  heated  in  oil  or  in  a  glaaa  tube  above  fiS'*  C- 
it  liccomes  soft  at  certa.in  points  without  losing  water,  excepting  any  that  may  be  ad- 
hering to  it  mechanically,  and  from  these  points  bundles  of  milk-white  crystal*  r  ahoot 
out  towards  the  inside  of  the  transparent  crystaJ,  until  the  wliolo  is  completely  ina*- 
formed.  If  the  crystiUa  obtained  ahore  62°  0.  be  slowly  cooled  after  drying,  tliey  remain 
toiorably  clear;  bat  when  cjooled  quickly  before  drying,  they  become  opaque,  and  when 
broken  arc  oft^n  found  to  consist  of  an  aggregate  of  crystala  a,  these  baring  be<>n  tint 
formed  in  the  adhering  mother-liquid,  and  anbseqnently  extended  throngh  the  ciystAla 
alrwidy  formed.  Sulphate  of  magnesiwmy  Mg'SO'  +  7  aq.,  like  sulphB.te  of  zinc,  yieJds 
trimetric  prii^ms  a  below  62°,  and  mnnodinic  pri.smjs  c  above  S^'';  and  the  ezystaJsa 
when  heated  altove  62'^  are  immediately  converted  into  an  opaque  sgeregate  of  ciTBtala 
r.  winch  proceed  from  the  surface  of  tlic  crj-staU  and  meet  in  the  middle.  SeienaU  «/ 
zinc,  Zn*SeO^  +  7  aq.,  cryotnllises  at  a  lower  temperature  like  a,  at  a  higher  tenip»- 
raturc  like  b,  and  the  cryetals  a  undergo  an  ulterution  of  internal  structure  when  ex- 
posed to  sunshine.     (Mitscherlich,  Pngg.  Ann.  vi.  19,  and  xii.  144.) 

Acid  phosphate' of  sodium,  if  nil- I'O*  +  af^.  crywtidlisesin  two  series  of  forms,  both  of 
which  belong  to  the  trimetric  .syetcn),  but  have  incoiitpatible  angles,  (Mitpcherlich.) 

nun  1TB.  A  foasil  resin  found  in  the  lignite  of  Lunigiuna  in  Tuscany.  Cleamtge, 
none.  Has  the  appeamnce  of  ice,  with  a  yellow  lingo.  Inodorous  and  tasteUm 
Fraf^ile  and  easily  reduced  to  jxjwder.  lusolublo  in  water,  sparingly  soluble  ic 
alct»hol,  very  soluble  in  ether  and  in  hiilpliide  of  carbon.  The  ethei-enl  delation, 
on  8t4Ujdiug,  deposits  large  crystals  of  the  resin.  It  melts  with  the  warmth  of  the 
hand.     Heated  in  a  close  vessel,  it  distils  over  without  perceptible  decomposition. 

ssifiTKABTMOirTXi,   and    i>zsi&OMozrzT&Jici:Toirrraxxi;B.     Seo 

TKWITIiArETO.VITRUJE, 

SXXrrntOETHTXac  and  SXirrr&OI«aT&YX.ZC  ACXSS.     See  KtTBOrs 

SZOPSZDB.  A  variety  of  augite  M-8i0^,  containing  calcium  and  magnesium, 
with  liHk-  or  no  iron.  Tiie  crystnls  appear  rectangular  in  the  basal  section  from  pre- 
doniinanco  of  the  faces  ooPoo  and  [  oePec  ],  and  are  acuminated  at  the  ends  with  the 
faL'cs  -^  P,  — P,  -2P,  and  several  others,  the  pyramids  being  aL«3  frequently  tnui- 
catcd  by  oP.    Inclination  of  wP  :  ooP  »  87°  C ;    +  P  :  +  P  in  the  dinodiagonal 

Srincipal  section  ==  131°  29';  -P:  -P  *=  120°  39';  -2P:  -2P  =  96°  3fi'.  Clearage 
ifltinct  parallel  to  ocP;  less  distinct  parallel  to  ooPoo  andfocPao].  The  oystala 
are  implanted,  or  less  frequently  imbedded,  and  often  distorted  into  fusifona,  aealy,  or 
granular  a^regationfi.  The  grunular  Tariety,  if  coarse  and  somewhat  friable.  i« 
called  whiii  coccoHtf.  Specific  gravity  =32  to  2'3.  Hardnesa  =  6*6  to  8*0.  Colour, 
generally  light  green  or  grey;  white,  if  quite  free  from  iron.  Luiftrtsi,  vitreoas  oo  tbe 
crj-^tttUioe  faces,  nacreous  on  the  cleavage  faces.  Transparent  or  trauaJucent  in  Tariou 
degroea,  sometimea  on  the  edges  only;  the  more  transparent  aorta  are  sometimes  cut 
Ibr  gems.  Before  the  blowpipe,  diopeide  melta  to  a  whitiah  or  grey  glass.  It  is 
insoluble  in  acids. 

Analyses. — a.  From  Tammare,  Finland  (Bonadorff,  Schw.  J.  zxxL  168). — b.  From 
Brasil  (Kua ain,  Rammthher^B  Mineralchimie,  p.  462). — c.  From  the  2Sllerthal  (W ac- 
kenroder,  Kastn.  Arch.  xiiL  84).  —  d.  From  Rcichenstein,  in  Silesia;  partly  asbnti- 
form  (R.  Richter.  Pogg.  Ann.  Ixxxiv.  383). — e.  From  Pargaa  in  Finland;  lai^ 
grev-g;reen  ciystuhi  (Arppe,  Anai.  af.  Firmk.  min.  p.  22). — f,  ff.  From  Schwatten- 
■tein  in  the  Tyrol  (T.  S.  Hunt,  PhiL  Mag.  [4]  viL  501).— A.  From  the  Saa«ignl 
between  the  RimftBchhom  aod  the  SCrahlhom;  white,  trautducent  (Brunner, 
Jfthrb.  Min.  1866,  p.  186.) 
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Fig.  369. 


A  tnuMpunDt  colnarliw  variety  of  diopciide  called  alalitf,  foond  at  Ala  in  Piedmont^ 
is  cat  for  g«ni&  McMsite  is  a  Turirty  from  Mumu  in  Pietlmont  of  erejish-green  colour, 
with  lamellae  parallel  to  the  baae^  and  sometimes  contorted.  These  two  Tarieties 
contain  rety  little  iron. 

Diopside  has  also  been  found  as  a  furnace-slag  (Hansmann,  J.  pr.  Chem.  Iri.  186), 
and  is  produced  artificially  by  passing  vapour  of  chloride  of  silicon  over  a  mixture  of 
lime  and  magnesia  at  a  red  heat.     (Daubrie,  Compt.  rend,  xzxiz.  163.) 

nZOVTASX.  Emerald  Copper,  Emerald  Malachite,  SmaragdoehaleiU,  Achiriie^ 
Cn"SiO*  -r  H"0  or  (Cu*II«)vSiO'.— This  mineral  crystallises 
in  rhombohedral  combinations  derived  from  a  primary  form 
R,  for  which  the  lonr|:th  of  the  principal  axis  is  O'o295.  and 
the  angle  R  :  R  in  the  terminal  edges  >:  126°  17'.  Ordinary 
combination  -2R.  odP2  (/?//.  360);  -2R:  -211  in  the 
terminal  edges  >=95°  48'.  Cleavage  very  distinct  parallel 
to  R.  It  occurs  in  single  crystals  and  implanted  in  geodes. 
S|H*cific gravity  -  3278  -  3348.  Hardness  -6.  Colour 
emerolcUgreen.  Streak  green.  Lustre  vitreous.  Trans- 
parent to  sub-trantilucent  Fracture  conehoidal,  uneven. 
Brittle.  When  heated  in  a  tube,  it  gives  off  water  and 
turns  bladL  Infusible  before  the  blowpipe ;  turns  black  in  the 
outer,  red  in  the  inner  flame.  Gives  with  phosphorus-salt  a 
•keleton  of  silica  and  the  reactions  of  copper;  and  with  soda 
ft  bnttnn  of  copper.  Dissolves  in  hyorochloric  add,  with 
wparation  of  gelatinous  silica. 

Jnatjf»e».—a,  h,  Damour  (Ann.Ch.  Phys.  [3]  x.  485);  — 
•t  df  Hes  s  (Pogg.  Ann.  xvi.  360). 
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Dioptase  occurs  at  Altyn  Tubi,  Berghes-Earkalinsk,  and  Oni  in  Siberia,  and  in  the 
Duchy  of  Nassau  between  Oberlahnstein  and  Braubach. 

SZomXTB.  Oreenstone,  containing  soda-  instead  of  potash-felspar.  (Sea 
OvoirsToiix.) 

BZOSCOXBA.  A  genus  of  plants  of  the  Smilaceous  order,  the  tnbers  of  which, 
called  yams,  are  very  rich  in  starch,  and  are  much  used  as  food  in  the  West  Indies  and 
otliar  tn>pical  countries.  In  a  root  of  Dioacorea  data  from  the  Antilles  weighing  eleven 
kflognunmes,  Payen  (Compt  rend.  xxv.  182)  found  79*6  per  cent,  water,  and 


Non-acotised  substance 
Azotised  substance  . 
Mineral  constituents 


In  the  Attbrmd 

middle.  of  th*  loot. 

86-0  74-6 

9-6  16-4 

6-6  9-0 


The  tubers  of  D.  Imibifera  were  found  to  contain  106  per  cent,  starch  (Phann.  J. 
Trans.  tL  23>  The  tubers  of  D.  Batatas  (the  Ckineseyam,  Ignamede  Chine),  grown  in 
tha  neighbourhood  of  Paris,  have  been  analysed  by  Fr^my  (Compt.  rendL  xL  128); 
tha  same  from  Algeria,  by  Bonssingault  and  by  Payen;  the  same  grown  in  tiis 
Botanie  Garden  at  Bonn  by  Grouven  (Chem.  ContralbL  1867,  p.  686).  The  tubers, 
altar  diying  over  the  water-bath,  yield  by  trituration,  a  powder  which  may  be  kneaded 
with  watar  to  a  dough,  like  wheat'flower.    The  fresh  tubers  yield  in  100  parts: 


Frimj. 

B<iu(>ln« 

gHlllt. 

Staivh      . 

.     160 

13-1 

Albuminous  substance 

.        1-5 

2-4 

Fat,  sugar,  &c. 

.       1-1 

02 

CeUuloea          .        . 

.        1-0 

0-4 

"Mineral  salts  . 

.        l-l 

1-3 

Water      . 

.     70-3 

82-6 

Payen. 

Grou*ea. 

16-7 

8-0 

2-6 

1-1 

0-3 

6-0 

1-4 

0-7 

1-9 

11 

77-1 

83-0 

The  albuminous  substance  does  not  coagulate  till  after  long  continued  boiling 
(Fremy).  Suersen  (Scheerer's  Joum.  [1802]  viii.  600),  found  in  the  tuben  of 
Dit-scfrrta  8ativa,  23  per  cent  starch.  (18  woody  fibre,  gum,  &c 
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XkXOSMA  CSBVATA.    Buchv.     The  Irares  of  this  plant,   a   native   of   tha 

Ca-pe  of  Good  Hop«,  ntnUun  about  0'7  jwr  cent,  of  Tolatil©  oil,  21-2  gum,  and  2'16 
resin.  According  to  Erandea  (Arch.  Fhoinn.  xjdi  242)  they  also  contain  a  bitter 
principle,  diosmin,  which  is  jellowish-brown,  bitter,  and  BoJoble  is  water. 

9l03CT&rr&    SyiL  with  Lahaakitb. 

SIPBAIfXTB.  A  variety  of  margatite,  ooctirring  in  the  emerald  inine«  of  tba 
Uml,  together  with  chryeoberyl  and  phenacit«,  in  hexagonal  prisms  with  perfect  bajRal 
cleavage.  Specific  grdvity  «-  3-04  —  3-97.  Hardness  =  6  —  fi'fi.  Colour,  white  to 
blttiah.  Bffnrpthfl  blowpipe  it  becomes  opaque,  and  fuses  with  intamescesca  in  tho 
inner  flame  to  u  white  caameL  With  a  liitte  soda  it  forma  a  blebby  glaaa.  Containt, 
according  to  Jewreinow'i  analysis,  34  02  per  cenL  SiO',  43-33  A1'0»,  ISll  Ca*0,  3-02 
Fe'O,  lOfi  MnK)  and  634  water  =  00-87,  wlienco  approximately  the  fannnJa 
(M»O.SiO').(2Al«0«.SiO»)  +  HH)  or  Mo/^iO'.o/'HO*.  (Nordenskiold.  fctaab. 
Acad,  Bull,  V.  17;  Rammrltb.  MiTuraUh,  p.  843.) 

9lPR«'XrX».  C'H'K*  or  C'*H'*N*.  (Laurent  and  Qerhardt.  CompL  chim. 
1K19  417.)  Dinitrazolienienp  (i.  478J  i«  boiled  with  ak-ohol  and  sulphide  of 
ammnniuni  till  moat  of  the  alcohol  is  driven  off;  the  liquid  is  diluted  with  water, 
miifd  with  a  slight  exe^ss  of  hydrochloric  acid,  filtered  liot,  and  precipitated  by 
ammoniu ;  and  the  crystiilline  precipitute  is  purified,  either  by  recrystailisatioo  froan 
fther,  or  by  coiiTertinir  it  into  nulphatp,  which  is  waahed  with  cold  water  and  aldcAol, 
disBolred  in  boiling  dilut*?  hydrochloric  acid,  and  precipitated  by  ammonia.  Dipheaia 
ia  a  yellow  crystalline  body,  diasolving  with  re4  colour,  in  hydrochloric  or  nitric  add; 

dark  carmine  precipitate  of 


the  former  solution  giTea  with  dichloride  of  platinum  a 
chloroplaHnate,  PlCl*C*H'N'.     The  tulphate  i»  insoltiblo  ir 


in  wator. 


r.  T.  c. 


SZPXOBABB.     S^-n.  with  Alstoiotb  (i.  149). 
S^ZiOZn:.     LatrobiU.     A  variety  of  Anohthttb  (i,  SOS). 

SXPVX^'S  OXXm  Purified  Hart'»-hom  oil,  or  Animal  oil.  Oleum  animalf  tHppflH, 
01,  comu  ceriH  rcctificattim.  An  oil  originally  prepared  as  a  medicine  by  DippeL,  an 
apothecorj- of  the  »eTenteenth  century,  from  crude  fetid  animal  oil  (O/.  eoniK  cwni 
/(.ttitlion)  by  eubmittiag  tt  to  n^peated  rectification  per  sf,  till  it  no  longer  left 
any  block  residue.  The  oil  thua  obtained  is  cotoorleBs.  highly  refractire,  faaa  a  not 
unpleasant  odour,  somewhat  like  that  of  cinnamon,  and  a  burning  taste,  with  «weeti»h 
after-taste,  like  a  miiture  of  peppea-  and  cinnamon :  its  specific  gravity  ia  0-866.  When 
kept  for  some  fimp  it  tums  yellow,  especially  if  exposed  to  light. 

Anunal  oil  is  now  mnro  generally  purified  by  rectifying  it  with  addition  of  sand, 
lime,  or  water.  That  which  is  rectified  with  water  ia  very  mobile,  h*«  a  very  pong^'nt 
disagreeable  odour,  a  nauBPOtiB  bunjing  tarfe,  and  a  Epecific  gravitj-  of  about  0-75. 

Nearly  all  the  animal  oil  of  commerce  ie  now  obtained  by  the  destructive  di»tillatton 
of  hones,  in  fact  as  a  by-prodnrt  in  the  preparation  of  bone-black. 

The  composition  of  nnimal  oil  varies  greatly  according  to  the  mo<le  of  preparation ; 
but  in  all  caoes  it  consists  of  a  basic  and  non-baaic  portion,  the  former  being  a 
mixture  of  numerous  volatile  bases,  including  ammonia  and  pyrrol,  and  the  latter 
consic^ling  mainly  of  benzene  and  its  homologues.     (See  Bowb-oil,  i  625.) 

9XPYXB.  Schmel^trin,  Lencolithe  de  Manlion.  A  silicate  found  with  talc  and 
chlorite  in  an  unctuous  argillite  near  Maul^n  in  the  lower  Pyrenec-s  cryataUiaed  in 
four-aided  prisma,  with  rounded  ends,  apparently  dimctric  like  scapolite,  with  lateral 
and  diagonal  cleavage.  Specific  gravity  =  2643.  Hard  enough  to  scratch  glaak 
Colour  whitish  or  rt-ddish,  lustre  vitreous.  Transparent;  to  translucent;  opaque  wii«a 
weathered.  Before  the  blowpt[>e  it  becomes  opaque  and  mulfB  with  intumescence  t« 
white  blebby  glass.  Mel(«  easily  with  phDHnborue  sjilt.  excepting  a  skeleton  of  sili 
Forms  u  limpid  glasa  with  soda.  Attackca  with  difficulty  by  the  strongest  ari(  _ 
even  when  pulverised.  According  to  an  analysis  by  Del  esse  (Compt.  rend,  xriii.  994, 
1844).  it  contains  65-oper  cent.  SlO^  24-8  A1'0»,  90  Ca'O,  94  Na-0,  07  K»0,  wh«c« 
approximately  the  formula  4<2M»0.3SiO*)  +  3(2.4J'0'.3SiO'). 

SZSACVOITS*     See  Disj^cbtl. 

BXBACRTl^  (Redtenbacher,  Ana.  Ch.  Pharm.  xlvSi.  114.)  Acrolein  whoj 
kept  for  hoihc  time,  even  in  cloa*i  vt-ssels,  chaDgos,  Bomctimes  into  a  flneculeat  aubstanca 
Cidlt-d  tiiem:ri/f  or  diaacrom.,  sonietimes  into  a  rei^inous  matter,  disairrt/l  rexin. 

Disucryl  is  a  white,  amorphous.  ta«tele«»,  inodorous  powder,  which  be<"mne9StTOnp!T 
eleotn<-iil  by  friction.  It  is  in.soluhle  in  water,  acids,  alkalis,  sulphide  of  carbon, 
and  cila,  cither  fat  or  volatile.  It  dii^solves  slowly  in  melted  jiofash,  and  Is  precipitated 
h^  aitids  from  the  solution  of  the  oroduct     It  gives  by  analysis  61-2  per  cent.  carboB, 
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and  7*48  Inrdrogni,  whence  Bedtenbacber  deducea  the  fonnuk  C*H*0'  (cftrhon  006. 
hjdrcfen  f  *I ).     It  ii  prrhApa  isnmme  with  acroleui. 

Disteryl-rr-iin  is  m  white  powder  which  melta  at  100°  C,  aad  forme  on  cooling  a 
diaphuKraa  britilo  mus.  It  ie  ioMloble  in  water,  but  soluble  in  alcohol  and  in  ether ; 
the  alcoholic  aolntion  reddena  litmus  and  ia  pnrecipitat't'd  bj  water.  It  diaaolree  in 
oqaeous  aDulia  and  is  precipitated  bjr  acids.  The  alcoholic  eolutioo  precipitates  the 
aalta  of  copper,  le«d,  and  other  metala.  The  resin  gires  bv  analjaia  66  6  C  and  7  4  II, 
whence  Kedtenbacher  dedncee  the  formula  C"H'*0'.  (Carbon  66-3^  hydrogen  7*2.) 

SZSCSASZXB.    S>-n.  with  Aktimohiai.  Siltu  (L  817). 

DXSoatOBa.    Sjm.  with  Ntcur-OLaNCB. 

See  CLUCTOiOTii  (i.  1026). 
See  Ktahitk. 


mManmCTAMTa*    See  Z7r«'«  JHetionary  of  ArU,  Mannfactura,  itnd  Mint^ 

(ii  27  I. 

SZBTX^XtATXOir  is  the  conversion  of  a  substance  into  vaponr,  and  the  condeo* 
aation  of  the  Tapoar  in  another  part  of  the  apparatna  br  coolinp,  the  object  of  the 
operation  being  ^^enemlly  to  aepazate  an  eaaily  vaporised  body  from  one  which  is  lesa 
Tolatile.  It  ia  called  et<pecially  diaiiiiaUon,  when  the  vapoar  condenses  into  a  liquid, 
and  tublimation  when  it  condenses  iato  a  solid.  In  either  case  the  body  to  be  rapo- 
riaed  is  enclosed  in  an  aJembic  flask,  retort,  or  still,  and  the  vapour  ia  conducted 
throngh  a  tube  or  aeries  of  tabes  kept  cool  into  a  rtcdver.  In  distillation  on  tlie 
Uice  scale,  the  condnctbg  tube  is  in  the  form  of  a  worm  enclosed  in  a  tub,  through 
which  cold  water  is  constantly  flowing.  For  laboratory  eipenments,  sufficient  cooling 
power  may  aometimea  be  obtained  by  simply  immersing  the  receiver  in  cold  water,  or 
by  directing  a  stream  of  oold  water  on  the  neck  of  the  retort,  surroanrled  for  the  pur- 
pose  with  Dibolona  paper.  To  obtain  greater  cooling  power,  Liebig's  condenser  is 
used,  which  consists  of  a  glass  tube  enclosed  within  a  metal  cylinder,  throuj^h  which 
r<dd  water  is  continually  flowing  in  a  direction  contrary  to  that  of  the  vapour,  for 
details  and  figures  of  apparatus,  see  Vr^t  Dictionary  of  Arts,  Manufactures,  and 
Mines  (iL  36). 

SXSTXZAATXOXr,  X»RT  or  9B8XWCTXVS.  These  terms  are  applied  to 
the  decompositioa  which  organic  subetancea  undergo  when  heated  oat  of  contact  with 
the  air,  or  at  all  events,  in  such  a  manner  that  the  constitoents  of  the  air  take  no  part 
in  the  reaction.  Some  organic  compounds  boLl  at  bo  low  a  tempemlure  that,  when 
heated  in  a  retort,  they  pass  over  unchanged,  eapedally  if  the  air  be  excluded  ;  <■.  p.. 
alcohol,  ether,  volatile  oub;  othe^  on  the  contrary,  which  would  not  boil  till  raised 
to  a  higher  of  degree  of  heat,  undergo  decomposition  before  they  attain  the  boiling 
temperature. 

(impounds  whose  boiling  points  are  not  much  above  the  tempera  tares  at  which 
their  decomposition  begins,  pass  over  to  a  certain  extent  nndecnmposed ;  because  the 
▼apoora  and  gasea  produced  or  the  decomposition  of  the  one  part,  take  up  the  other 
pait  of  the  compound  below  the  boiliDg  temperature  in  the  form  of  vapour,  just  as 
water  evaporates  id  the  air  considerably  below  its  boiling  point.  Thus,  oxalic  acid, 
margari(!  acid,  and  other  fatty  acids,  also  pinic  acid,  and  certain  other  resins,  indigo- 
blue.  &c.,  undeigo  but  partial  decompoaitioD.  Such  oompoondB  may  therefore  be 
volatilised  without  decomposition,  if  they  are  heater!  in  open  Teaaeb  to  a  temperature 
aomewhat  below  that  at  which  they  decompose  ;  or  in  a  wide  distillatory  apparatus 
filled  with  air:  or  in  a  tube  or  a  conical  enlargement  of  it^  through  which  is  passed  a 
stream  of  air — or  if  the  air  eiertfl  nn  oxidising  action — of  hydrogen,  nitrogen,  or  car- 
'x>nic  acid  gas ;  also  when  carefully  hr>ated  in  vncuo. 

A  eoDtrary  action  is  exerted  by  aond^  brirkdusi,  &e.,  mixed  in  large  Quantities  with 
Um  otitic  compound,  even  if  the  boiling  point  of  that  compound  be  below  the  tem- 
perature at  which  it  decomposes  :  for  the  bubbles  of  vapour  are  mechanically  retained 
by  the  pulverulent  mixture,  and  raiaed  by  the  heat  which  penetrates  the  containing 
veflsel,  to  the  degree  at  which  their  decomposition  takes  pkce.  Alcohol  is  partially 
decomposed  by  this  treatment,  and  benzoic  acid  almost  completely. 

The  apparatus  u<(ed  for  de.<trructive  distiUation  consists  of  retorts  of  glaaa,  earthen* 
ware,  or  metal,  according  to  the  temperature  required,  flUled  with  good-sized  eiit-tiibe«, 
and  cfimniunifating  with  well-cooled  reeeivcni  of  considerable  capacity.  For  operating 
OD  Hmal]  quantities  of  substances,  Greville  Williama,  who  has  worked  extensively  on 
the  subject,  use«  a  amall  still  made  from  a  glue-pot,  and  having  a  copper  head  fitted  to 
it.  The  luting  for  all  temperatures  not  eicee«ling  700°  F.  may  be  a  mixture  of  | 
liniHwd  and  {  almond  mi™al,  made  into  a  mass  of  the  conMi«t4'nce  of  putty.  For  quan- 
tities of  roatmal  not  exceedinji  15  or  20  lbs.,  a  stout  semi-cylindrical  cast-iron  pot  roav 
be  used,  having  a  broad  flange  round  the  edge  and  a  cover  fltting  it  like  a  saucepaa-Ud. 
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For  opcnktions  nn  the  maniofacturing  scale,  Uige  retorts  of  out  tron  or  finp^day  an 
emplojed,  as  in  gas-works.  (See  Urc's  JHctiofutry  of  ArU,  ManitfaetytTt^,  and  Jlines, 
ii.  44.) 

Volatile  organic  rampoonds  are  decomposed  by  passing  them  through  s  rpd-bot  tabc^ 
tLBu&llj  fiU^  with  finignient«  of  glass  or  pumioe,  to  increaae  the  heating  tarta^t. 

The  causea  of  deeomposition  by  heat  arc  as  follows:— The  affinity  of  the  oxygen  for 
the  hydrogen  and  the  carbon,  tending  to  form  water,  carbonic  oxide  and  carbonic  anhv- 
dride,  is  greater  tliaa  that  by  which  the  elements  in  the  organic  compoand  ar«  held 
together.  These  strong  affinities  are  brought  into  action  by  heat  Hence  those  com- 
poonda  which  contain  most  oxygen  decompose  at  mncb  lower  tt-mpcratures  than  thoae 
which  contain  little  or  none.  To  this  rule,  howeTer,  there  are  many  exceptions; 
Acetic  acid,  C-H*0',  ia  a  body  rich  in  oxygen  ;  bnt  its  Tapour  is  but  little  altered  in 
composition  by  paswing  through  a  tube  at  a  low  red  beat ;  acetate  and  cyanate  of  pota»- 
0inm  alsOi  are  not  decoinposea  when  hcMted  to  low  redness  out  of  contact  with  air. 

In  compounds  containing  nitrogen,  the  affinity  of  that  element  for  hydrogen  like- 
wise MHsts  the  decomposition.  The  ammonia  which  is  then  abondantly  formed,  does 
not,  liowerer,  pass  orer  in  the  fire©  stnte,  but  in  combination  with  an 'acid,  as  with 
mrbonie,  acetic  acid,  tic. 

11  the  compound  contains  chlorine,  bromine,  iodine,  or  sulphur,  the««  elements,  if 
they  do  not  separatei  in  the  free  state,  or  enter  into  volatile  organic  compounds,  sie 
given  oflfin  corabinuti'^n  with  hydrogen,  in  the  form  of  hydrochloric,  bydrobromie,  hy- 
driodic,  or  sulpbydrie  acid.  Part  of  the  sulphur  and  chlorine  may  also  be  erolved  m 
the  form  of  snlphide  or  chloride  of  carbon. 

At  !iigh  temperatnr*«.  moreover,  decomposition  is  facilitated  by  the  great  tendency 
of  certain  elements  to  assume  the  gaseous  form  ;  hence  part  of  the  hydnigen  and  tdtjo- 
gen  are  given  off  in  the  state  of  gas,  the  quantity  thus  evolTed  increasing  with  the 
temperature ;  for  even  the  hydfocarbons  formed  at  a  moderate  heat  may  be  resolTed  at 
higher  temperatures  into  hydrogen  sas  and  sooty  carbon.  The  heat  may  also  indoeo 
a  oiBposition  to  the  formation  of  rolatile  organic  compounds,  which,  when  oooe  pro- 
duced, pnss  over,  and  are  thus  withdrawn  &om  the  decomposing  action  of  a  stronger  beat. 

By  the  formation  of  the  inorganic  compounds  above  mentioned,  and  by  the  escape  of 
bydrogcn  and  nitrogen  gas,  the  organic  compound  (unless  it  be  one  of  the  more  bigbly 
oxyi?pnLied  acids,  such  as  oxalic  or  formic  acid)  loses  oxygen  in  the  greatest  rrUitivt 
quantity,  hydrogen  and  nitrogen  in  smaller  quantity,  whfle  the  residue  beoomes  con- 
tinually ricber  in  cnrl>on. 

Hence  those  volatile  organic  oompounds  winch  are  richest  in  oxygen,  such  as  acids 
and  alcoholic  liquids,  ptiss  over  principally  at  the  beginning  of  the  distiUatioo.  Among 
acidt,  the  most  frequent  is  acetic  acid.  It  is  formed  in  especial  abandance  in  the  dis- 
tilJntion  of  compounds,  such  as  sugar,  gum,  or  wood,  which  contain  oxygen  and  hydro- 
gen in  about  the  proportion  to  form  water,  so  that  it  only  requires  Uie  addition  of  a 
certain  number  of  carbon-atoms  to  form  aeetic  acid,  CH''0',  which,  being  rolatile.  ii 
withdrawn  from  the  further  decomposing  action  of  the  heat.  Many  organic  oompoundi 
yield  other  acids,  whicli  in  some  cases  are  quite  peculiar  to  them  {vid.  in/.).  The 
alcoholic  liquid^!  produced  in  the  dry  distillation  of  a  few  organic  compounds  aie^  wood- 
spirit,  Hgnone,  aldehyde,  and  acetone. 

But  a.4  the  distillation  proceeds,  oompounds  containing  little  or  no  oxygen  a{>prar  in 
continually  greater  abundance,  viz. :  1.  Gaseous  hi/drocarbons,  such  as  maivi-g8% 
CH*,  olefiant  gas  or  ethylene,  C*H*.  and  tetrylene,  V.*W.  The  last  two  hydxoesjtbons 
are  evolved  chiefly  from  compounds  containine  but  little  oxygen,  such  as  fiits  aod 
resins ;  the  greater  their  proportion  in  the  gaseous  mixture,  the  more  brilliant  is  iti 
flurae  and  the  better  is  it  adapted  for  illumination.  — 2.  Volotile  oils  generally  baring 
an  offensive  odrrnr,  and  designated,  from  their  mode  of  formation,  empyrrumatic  ailt. 
They  are  sometimes  pare,  sometimes  slightly  oxidised  hydrocarbons.  To  this  clan  of 
products  belong  the  two  empyreumatic  oils  which  Faraday  obtained  from  fat;  also 
eupione,  creosote,  picamar,  and  capnomor,  obtained  by  Reichenbacb;  pyrrol,  by  Ruage, 
and  several  oilsobt^iined  from  resins  by  Fr^y,  Couerbe.  Laurent,  and  others;  At  &c 
— 8.  Carnpkoro'idal  compotinflf,  which  may  be  rallefl  empyreumatic  campkurt  ct 
$iearoptm(-8 ;  they  consist  wholly  of  carbon  and  livdpogen;  but  some  of  tbem  ap- 
pear to  be  produced  from  other  volatilised  compoundii,  which  are  subjected  to  ths 
farther  actaon  of  a  red  beat  within  the  apparatus.  —  4.  Kesins,  which  maybe  callsd 
enpvreumatie  rennt,  containing  but  little  oxygen,  and  genernUy  dark-coloured ;  ae- 
cor^ng  to  Unverdorben,  some  of  them  dissolve  both  in  alcohol  and  in  potash,  others 
only  in  alcohol,  others  again  only  in  potash. — 5.  If  the  original  compound  contains 
nitrogen,  ammonia  and  tfotatih  cJkaldids  are  also  given  off,  vis.  ethylamine  and  its 
horodoguoB,  together  with  pyridine,  picoline,  lutidine,  colhdine,  pyrrhol,  and  others. 
(See  BoxE-oiL,  i.  625.) 
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CoaI  jrifildi  b^  dry  distilktion,  especially  at  loir  temperatmei^  «  to^  mmplex 
distilljiAe,  oonsiatuig  of  an  add  portion  con  taming  pbenic  or  carbolic  add,  with  Bmaller 
qnantitiea  of  rosolie  and  bninouc  adds,  a  Inasic  {xtrtion  contaiQing  ammonia,  phonyla^ 
mina,  benzjlamine,  and  the  volatilo  baaes  above  mendoned,  and  a  ncotral  portion 
omaisting  of  beoaese  and  ita  boinologueB,  together  with  the  hydridra  of  the  alcohol- 
FndidM,  amyl,  bexyl,  and  hoptyl.  which  are  liquids, — alao  the  aolid  componnda 
ia|>hthalene,  anthracene  or  puranaphthalene,  chiyiiene,  pyiene,  and  the  paraffina,  whidi 
probably  conaiat  of  the  hydrides  of  the  higher  terms  of  the  series  of  olcohol-nididea. 

Aa  the  more  volatile  products  escape,  sobatancea  of  continually  diminishing  vola- 
tilitr  reauun  behind ;  ana  these,  as  the  temperatnre  rises,  are  either  evolved  unaltered 
in  the  gaaeoiu  form,  or  resolved  into  more  volatile  muttem  and  reaidaal  products  of 
•till  greater  fixity. 

The  hydrogen,  nitrogen,  and  oxygen,  which  finidly  remain,  are  either  snffident  to 
iaaa,  with  the  whole  of  the  reaidaal  carbon,  a  compound  which  is  volatile  at  a  higher 
temperature,  in  whidi  case  nothing  remains  in  the  retort ;  or,  the  relative  quantity  of 
the  carbon  is  too  great  to  enter  wholly  info  such  a  state  of  combination ;  and  then,  aa 
th«heat  approaches  to  redness,  thisexcesK  remAina  l)ehind  in  the  form  of  charcoal,  still 
eombinfd  with  small  quantities  of  the  other  substances,  which,  however,  are  separated 
the  more  completely  aa  the  reaidne  is  finally  subjected  to  a  stronger  heat. 

Compounds  containing  a  medium  quantity  of  oxygen,  such  as  sugar,  gum,  wood, 
and  glue,  leave,  if  thcnr  are  not  volatile,  the  largest  quantity  of  charcusJ ;  because  a 
large  portion  of  the  hyiuogen,  which  would  otherwise  volatilise  the  carbon,  is  converted 
by  the  oxygen  into  water.  These  compounds  leave  more  charcoal  in  proportion  aa  they 
are  heated  more  slowly,  because  the  quantity  of  water  formed  is  then  likewise  greater. 
When  the  proportion  of  o^^en  is  large,  this  element  also  tends  to  vokLiliae  the 
cnrlMn,  in  the  form  of  carbonic  anhydride  and  carbonic  oxide.  When  the  quautity  of 
oxygen  is  comparatively  amall,  the  hydrogen  combines  chiefly  with  the  carbon,  form- 
ing volatile  compounds,  such  as  gases,  oita,  camphors,  and  resins. 

If  the  compound,  during  dry  custillation,  passes  into  n  fused  or  softened  state,  which 
is  moflt  frequently  the  case,  the  charcoal  appears  inftnt^  tike  that  formed  from  resin 
and  fOgar,  or  at  idl  events  very  porous,  like  that  fW>m  tartttric  add  and  cork.  But  if 
the  compound,  wood,  for  exampfc,  remain!)  solid  while  siibji-eted  to  heat,  the  charcoal 
■tin  exiubita  the  original  form  and  internal  structure,  but  is  contracted  in  volume. 

Spongy  platinum,  inasmnch  as  it  favours  the  formation  of  rapottr  in  liquids,  may 
eaose  an  organic  compound  to  be  completely  resolved  into  volatile  products  at  a  lower 
temperatnre  than  it  would  if  heated  alone.  Thus,  tartaric  acid  mixed  with  spongy 
plutuTun  and  carefiilly  heated,  yields  nothing  hut  carbonic  add  and  a  truifparent  and 
colonrieaa,  crystallisable  rJistillate.     (K  e  is  e  t  and  M i  1 1  om) 

The  products  of  dry  distiUatioc  may  be  arranged  in  the  following  dsaaea,  according 
to  their  external  forms : 

1.  (Poses.  —  Hydrogen  and  nitrogen;  —  carbonic  oxide,  carbonic  anhydride,  hydro- 
chlofie,  hydrobramie,  hydriodic,  and  sulphydric  acid  gasos,  marsh-gas,  olefiont  gaa, 
and  tetrylen&  In  this  gaseous  nuxtaE%  the  vapours  of  empyreumatie  oils  and  of 
aolphide  of  carbon  are  also  difi^ued. 

2.  If'atery  tUatUlatA, — The  water  oontained  in  this  distillate  was  dther  attached  aa 
BQCh  to  the  organic  compound,  or  it  has  been  formed  at  the  high  tempemture  to  which 
That  eorapoond  has  beeiii  subjected,  &om  the  oxygen  and  hydrogen  contained  in  it. 
In  this  water  are  dissolved: — a.  In  some  few  instance*,  alcoholic  floida,  such  as 
aldehyde,  wood-irpiri^  lignone,  and  acetone. — b.  Almost  always  adds,  of  which  the 
moat  fiwquent  is  acetic  acid.  Hence  the  watery  distillate  obtained  in  the  dry  distil- 
lation of  non-azotised  organic  bodies  almost  alwavfl  haa  an  add  reaction  (lee  Acbtio 
Aero,  i.  9).  — c.  The  watery  distillate  obtained  from  azotised  substances  contains 
■mall  quantities  of  hydrocvanic  acid  and  large  quaiititi(?a  of  amnardiia,  often  mixed  with 
compound  ammonioa,  such  as  methylttmine,  etliyhimine.  &e.  When  the  quantity  of 
ammoiua  is  but  small,  it  is  completely  ^ittmitod  by  the  acetic  acid  or  any  other 
utronger  add  that  may  be  preisent,  iind  the  watery  distillate  still  exhibits  an  acid 
reaebon,  or  is  neutiul ;  but  m  the  distillate  obtained  from  most  aaotised  bodies,  these 
BtzDoger  adds  are  not  present  in  Huflicient  quantity  to  neutralise  the  lai^ge  quantity  of 
ammonia,  the  excess  of  which,  therefore,  unites  with  the  carbonic  acid,  and  in  the 
form  of  carbonate  of  ammonia,  imparts  an  alkaline  reaction  to  the  liquid.  By  this 
character,  a  non-azotise<i  organic  compound  may  be  distinguished  from  one  which 
contains  nitrogen.  The  former  yields  an  add  distillate,  which  does  not  give  oflF 
ammonia  even  on  the  addition  of  potash ;  the  Iatt«r  givea  dther  an  alkaline  distillate, 
or,  if  it  contains  but  little  nitrogen,  a  neutral  or  acid  distillate  which  givps  off 
ammonia  when  treated  with  potaah.  But  a  non-azotiscd  organic  compound  likewise 
yields  ammonia  by  destructive  distilhition,  if  it  be  previously  mixed  with  nitre. 
Thus,  gnm'atubic  distilled  with  one-tenth  of  its  weight  of  nitze  yields  ammonia 
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and  a  pyrophnric  cliiurcoa]  containing  oyanide  of  pota^fliom  (Vaaqaeliii,  Ann.  CUm. 
IxxlL  59). — d.  The  wuteiy  distiliuta  likewise  holds  in  solation  a  smail  quantity  of 
the  tarry  matter  next  to  be  considered,  which  Rives  it  a  brown  coloar. 

3.  Oily  or  Tarry  DutilUitt,  Empyrevmatic  Tar. — Generally  a  brown  and  fetid  mii- 
f ure  of  difrprent  empyreuotatic  oila,  camphors,  and  resLos,  wkich  may  likewise  contain 
volatile  lUkuloids,  a  brown  mouldy  substance,  and  another  brown  substance  aoluble  in 
water  and  alcohol,  and  forming  with  potaab,  baryta,  and  lime,  compotinda  which  are 
soluble  in  water,  and,  with  the  other  eartha,  eotnpounda  which  are  ineolublo.  The  most 
fetid  tar  is  that  obtained  from  the  more  highly  luotised  compounds,  snch  aa  gelatin  i 
white  of  egg.  The  offensive  odour  of  racet  empyreumatic  tars  ib  sKcribed  by  Un 
dorben  (Pogg.  253,  297,  and  477)  to  a  pecnliiir  oily  acid  which  he  calJs  ewpjr 
maiic  acid,  which,  howoTer,  Tarlea  with  the  nature  of  the  original  compound,  being 
aometimea  lighter,  sometimes  hearier,  than  water. 

i,  Subli/fud  Products. — These  products  consist  aometimea  of  an  acid,  t,  g.  pyro- 
gallic  acid,  eometimea  of  a  campbor,  sometimes  of  carbonate  of  ammoma. 

6.   CharcocL 

Some  organic  compounds  yield  all  these  products,  riz.  gosea,  wat<'ry  liqmd,  tar, 
sublimate.,  and  charcoal  Such  i»  the  case  with  gelatin,  albomin,  &c.,  in  which  the 
Bublimut-e  consiata  of  carbopate  of  ammonia.  Other  compounds,  aa  sugar,  wx>ody  fibre, 
&c.,  yield  gaaea,  a  watery  liquid,  tar,  and  charcoal,  but  no  sablimate.  (See  Acme 
Acta,  BofTB-OTL,  CmcHoKnra,  CoAt.) 

The  nature  of  the  product*  obttiitied  by  the  defitructivediatilltttion  of  any  rabetance, 
often  THriea  eonsidenibly  with  the  temperature  to  which  it  ia  subjected ;  thus  coal. 
when  distilled  at  bright  red  heat,  yields  a  large  quantity  of  gaaeous,  and  a  oompanh- 
tively  small  quantity  of  Hquid  hydrociirboiis,  whereas,  when  the  distillation  ia  con- 
ducted at  a  low  red  heat,  toe  proportion  of  liquid  producta  ia  much  greater.  The 
paraffin  oUa  now  so  largely  used  for  illumination  and  for  lubricating  machinery,  ax* 
prepared  by  dktiUing  &>ghead  coal  at  a  low  red  heat. 

Wo  have  hitherto  ppoken  chiefly  of  the  decomposition  of  bodies  of  complex  or  inde- 
finite constitution,  such  as  wood,  coal,  unimal  matter,  &e.  The  more  simply  consti- 
tuted organic  compoundti,  such  aa  acids,  bases,  and  salta,  yield  by  dry  distillatiOB, 
especially  if  carefiuly  conducted,  a  small  number  of  products,  bearing  a  definite  and, 
generally  speaking,  a  eimple  ratio  to  the  original  substance.  The  following  are 
examples :  — 

a.  I)ecQmf09ition  of  non-azotised  organic  bodies, — Many  acids  are  wholly  resolred 
into  wnt<?r  or  curbonic  anhydride  (or  both  together),  and  one  or  more  acida,  called 
Pyro-aeid«,  eont«iaiiig  less  oxygen. 

Malie  acid,  when  quickly  heated  to  200  C,  is  almoct  completely  t«8olTed  into 
water  and  maleic  acid,  which  distil  over ; 

C'H'O*  -  2CrB'0»  +  H*0. 

At  160**  C,  it  yields,  as  pjincipal  product,  a  residue  of  fiimaric  acid,  which  is  poly- 
meric \rith  maleic  acid,  and  may  be  regarded  na  a  dibaaic  acid  —  C^H'O*.  At  a  more 
int«.>use  beut,  the  products  are  carbonic  oxide,  mush-gaa,  empyreumatic  oil,  and 
charcoal 

Mucic  acid  is  reeolred  into  1  at  carbonic  anhydride,  3  at  water,  and  pyromncic 
•cM: 

C»H'K)»  -  C»H<0»  +  3H^  +  CO*. 

Citric  acid,  when  heated  in  a  retort,  girea  off  1  at  water,  and  leaxcs  a  residue  of 
aconitic  acid : 

OH'O*  -  H»0  =  CH*0«. 

This  aconitic  actd^  if  more  strongly  heated  in  the  retort,  giT«f  off  1  at  evbonie  anhy- 
dride and  diatila  dtcp  aa  itacontc  ncid  : 

C*H*0»  -  CO'  =  C'H'O'. 

At  the  same  time,  another  portion  of  the  citric  acid  ia  decompased  in  a  different  man- 
ner, being  resolved  into  carbonic  oxide,  acetone,  empyreumatic  oil,  and  charDoal. 

Gaitic  add,  heated  to  210<^  C,  yields  carbonic  anhydride  and  a  distillate  of  pjn> 
gallic  acid : 

C'B«0»  -  C^'O"  +  C0«! 

but  at  2£0''t  it  gives  off  water  and  carbonic  anhydride  and  IcaTca  metagallic  acid: 
C'H'C  -  C»H«0'  +  HO  +  C0». 
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Meeonie  add  girea  off  cmrbonie  Anhydride,  and  yielda  m  mbluiute  of  pjromeooaie 
add: 

C'H*0^  .  C»H«0«  +  2C0*. 

OiaUe  acid  paiilT  mlduDM  undpcompoced;  uother  pordon  it  rwolred  isto  wst«r, 
carbonic  oxide,  uui  euiranic  anlijrdnde : 

C«H«0«  -  HK>  +  CO  -f  C0«. 

asd  a  third  put  mio  fonnic  acid  and  earbomc  uiJiydride : 

CHKI*  =  CHK>»  +  CO'. 

Salieylie  add,  when  quickly  heated,  is  reaolvnl  into  carbonic  anhydride  and  phenylie 
alcohol : 

C'H«0»  =.  C0»  +  C^-O. 

Ormttie  aeid  yidda  carbonic  anhydride  and  onin; 

CSfO*  -  CO*  +  C^BH): 

lo  some  caMfl,  the  whole  of  the  oxygen  of  the  organic  compound  i»  eUmioated  in 
the  form  of  water  and  carbonic  anhy<kide,  and  hydrocarbona  of  Tarious  compositioa 
are  prodnced  :  thiu, 

CHK)'  -  C0»  +  CH«. 
A  cede  Kid.  Martb  ku. 

C»H»0'  -  CO*  +  C'H' 

Cinnanlc  acI<L  Clntiamene, 

Mosobaaie  adda  are,  for  the  most  part,  rMoIvod  by  dry  distillation  into  t  molecnile 
of  carbonic  anhydride,  together  with  a  hydrocnrbon  (e,  ff.  acetic,  cinnamic,  U? uioic 
ttcad,  A«i),  or  into  earbonio  anhydride  and  au  alcohol  (like  salicylic  add) ;  dibasic  adds 
yield  1  ntolecale  of  earbomc  aahydride  and  a  moo'ibaoic  pyro-scid  (oxalic  acid  yields 
carbonic  anhydride  and  fomiif  acid), — or  two  moL  CO*  and  a  hydroo«pboB,  somettmes 
also  water  (phtfaalic  add,  C*II«0*,  yields  2CO*,  and  1  at  benzene,  C*H*) ;  —  and  txi* 
basie  adds  yield  either  1  moL  carbonic  anhydride  aod  a  (libasic  p7ro-add  (dtrio  add 
yields  00*  and  ttacouic  add),  or  2  mol.  CO*  and  a  monobasic  acid,  or  3  moL  CO*  and 
a  hydrocarboD. 

Undi-r  the  influence  of  strong  chemical  reagents;,  the  decomposition  by  heat  often 
ttikes  a  diCerent  fomu  Thus,  organic  bodies  heated  with  caustic  alkali*  yield  adda  as 
their  chief  products  of  decomposition,  formic  oxalic,  and  carbonic  adds  being  frequently 
produced  in  this  manner ;  moDobanic  adds  heated  with  lime  or  baryta  yieU  acetones, 
together  with  a  carbonate  of  the  earth-metal,  e,  g. 

2C*H*CaO»  -  r.a*CO«  +  CH*©. 

Aoeute  of  Carbonate        Acetone, 

cslduni.  or  Ulclum. 

2C'H*CaO*  -  Ca*CO*  +  C»H'»0. 

Beninate  of  Q<-DiopbenaiM 

utifutn. 

Sometimes  a  more  complex  decomposition  takes  place,  resulting  in  the  formation  of 
hydrocarbona,  together  with  aldehydes,  or  compounds  isomeric  therewith,  <.  tf.  butyrul 
fliom  botyric  add  (I  689). 

In  many  cases,  when  a  considerable  quantity  of  lime  or  baryta,  or  an  excess  of 
hydrate  of  potassium  or  sodium  is  present,  the  whole  of  the  oxygen  of  the  add  is  OOD' 
verted  into  carbonic  anhydride,  bdii  a  hydrocarbon  is  given  off: 

CH'XO*  +  KHO  -  K*CO»  +  CH*. 

Acrtiite  of  M..^.k  ».. 

poUMluiu.  "■""  «" 

C»H*CaO«  +  CaHO  -  Ca*CO*  +  C^*. 

In  other  cases,  organic  acids  of  more  simple  eonatitution  are  produced  ;  thus,  oleic 
add  heated  with  hydrate  of  potassium,  yields  palmitate  and  acetate  of  potacaiam, 
together  with  free  hydrogen : 

CH'^O*  +  2KH0  =  C"H"KO*  +  CHTtO*  +  H*. 

^'*'*'  *'^'*^  poUulum.  poUMiuin. 
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Dibasic  acids  frequently  jield  monobMifi  aci(Ls  together  Trith  carbonic  o&bjdnde: 
thus, 

CmK>*  -  CH'O*  +  C0»- 

Oxalic  •cJd.     Forva\c  *cid. 

UniieF  tbe  inflnence  of  aolpliaric  add^  phoisphorie  acid,  or  chloride  of  zinc,  the 
elenionta  of  wat«ir  are  often  withdrawa,  imd  a  hjdrocarbon  produced:  thua  alcohol, 
C  H'O,  is  resolved  mtr>  water,  H=^,  and  ethylene,  CW ;  and  bonieol,  C"ff*0,  into 
H-'O  and  bomeene,  C"H'*. 

6  Dfcompogition  ofasotised  hoditt. — Wlion  azotieed  organic  bodiea  are  heated  jpT«v 
the  greater  part  of  their  nitrogen  is  given  off  in  the  form  of  ammonia,  a  Tolat2« 
organic  basp,  or  a  cjanogcn  componnd ;  sometimes  also  in  part  as  £re«  iiitrogeii«  aad  in 
the  ease  of  compounds  contalnmg  nitryl  (NO'),  as  ao  oxide  of  nitroges.  A,  nBall 
portion  of  the  nitrogen  usually  remaina  united  with  the  ehareoal,  which  ie  left  behin>l 
when  all  the  rolatile  products  have  escaped.  The  following  are  examples  of  aome  of 
the  modes  of  decomposition  just  mentioned: 

3Cn'N«0  -  3NH'     +  C»H»N'0". 

Urcju  Cyan  uric  add. 

C^H'NO'  -  CO'         +  OTTN. 

AnthrniilUi;  acid.  Pbmylunlne. 

2C-(NH*)-0'  -  NHrCN  +  2CHN0  +  CO  +  6HK). 
Uaalitle  of  Cjimide  of  Cjanlc 

ammonium.  uBmonluni.  acid. 

Certain  nitrogonMKimponnds  (ammonium-salta).  when  gradtially  heated,  give  off  i 
their  ojcygen  ia  the  form  of  water,  and  are  converted  into  amides,  or  nitrilea. 


C*H*(NH*)0» 
Acetate  or 

atumonluDi, 


N.H'.C'H'O     +  H^. 

Aeet«mi(l«. 


C*HXNR')0*  =  N.H.(C^«0')-  +  2H'0. 

AcUl  »nrrlT.a.e  oJ  succlDlraidt.. 

Oxalate  of  amiuonium,  C*(NH')'0*,  is  reaolved  in  like  manner  into  2  aL  CTancgen 
(CTJ*)  and  4H»0  ;  format*  of  ammonium,  CH(NH*)0*,  into  hydrocyanic  acid  (IbflM)- 
nitrila),  HCN,  and  2E=0 ;  benxoate  of  ammonium,  CH^NHnO*,  intocyamd©  ofiA«Byl 
(bcnzonitrik)  C'H^N,  and  2H;0. 

If  the  nitrogen-compound  likewise  contains  sulphtir,  thia  dement  unites  partly  with 
the  ammonium  and  ammonium-bases  evolved,  fonninjr  sulphides,  partly  with  earbon 
and  the  ammonium-basea,  forminic:  sulphocyanatea  of  those  bases,  partly  with  eariwD 
alone,  in  the  form  of  sulphide  of  carbon. 

Nitrogen-compounds  heated  with  the  hydrates  of  tJie  alkali -metals,  either  alone  or 
mixed  with  lime  (potash-  or  soda-lime),  generally  give  off  the  whole  of  their  nitrogen 
w  ammonia;  in  some  caaca,  however,  volatile  oi^anic  bases  are  likewise  gircB  off 
Thus,  caffeine  boiled  with  potash,  gives  off  mcthylamine,  and  cinchonine  heated  with 
hydrate  of  potassium,  jiejda  pyrrol,  pyridine,  picoJine,  lutidiue,  eoUidine,  chin<^* 
and  iL'pidine. 

DZStri^PH'All'XSOZiIC,  -S£79-£03bZC,  -ETHOtlC.  >BIBTBO&XO,  aod 
-PROPROIilC  ACIDS,     See  Spi-phusocs  EriiJiBs. 

SITSTSTX.  The  name  given  by  Ben^liiu  to  the  hydrocarbon  C^fi",  now  called 
Butylfm  or  Tetrylene. 

SXTHXOmCO  ACIXI.     See  SrLFHtm,  Oxtobx- ACIDS  OF. 

SZUBET.     Syn.  with  Biurbt  (i.  600). 

DXVX-DXVX  or  Lihidihi.   The  husks  of  Cmealpinia  eoriaria^  "WiUd.,  imported 

South  America,  in  the  form  of  dark  brown  roUs  containing  a  few  flat  seeds.      

outer  rind  of  the  hiisk  coDtains  a  large  quantity  of  tannin,  together  with  ready-ibrmed 
gallic  acid;  the  lAnnin  easily  yielda  pyrogallic  acid  by  distillation.     (Stenboasei} 

IIOCI1ICASY  (from  BoKj^wtfei*',  to  test).     A  term  synonymous  with  aaeayiug. 

Z>OEG&A£i  A  compound  obtained  fi<om  dogling  train  oil,  and  said  by  Schailicg 
to  be  analogous  t-o  athal  (hydrate  of  cetyl). 

VOBOIiIC  ACI9,     Bee  the  neat  article. 

XK>Bex.n70  TWUkXK  OIK.  (Scharlinp,  J.  pr.  Chera.  xHiL  257 ;  Jahjwbex.d. 

Cheni,  1 847-8,  p.  367.)— The  oU  obtained  fnom  the  bottle-noaed  whale,  Bai^no  nw^vM, 
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loii  M  dogliag  "  in  the  FaroS  islos.  where  it  is  caught  Tbe  oil  baa  a  specific  sraTity 
0-8A8  at  20^C.,  0081  at  11<>,  becomes  turbid  at  8'=',  and  deposits  a  crystalHne  fat 
at  0°,  more  abnndantly  at  —  8"^.  It  eoataina,  aceoiding  to  Scharliog,  79'9  p.  c  carbon, 
nod  1$4  bydrogeo^  and  ooDfliBta  mainlj  of  doeglate  of  doegl^Cwith  bat  a  small 
proi)ortion  of  glyccridesi,  and  do  iodine.  It  disaolTM  in  2  pts.  of  boiling  absolute  alcohol, 
mad  in  22  pts.  weak  alcohol.  When  exposed  to  the  air  it  takes  up  oxygen,  becomes 
^  and  more  riecid,  and  ultimately  dries  up.     It  forms  a  better  fuel  for  bimps 

DSOMm  train  oil,  and  miiy  be  freed  from  offenstTo  odour  by  learing  it  exposed 
the  sun  in  contact  with  water,  by  shaking  it  up  with  thin  milk  of  lime,  or  by  dis- 
•olring  it  in  boiling  alcohol 

Doling  train  oil  is  a  mixture  of  serenl  fktt.^  On  lesTing  it  &r  some  time 
OTpOwd  to  a  temperature  of  —  8°  C,  it  sepamtet  bto  a  liquid  oil  and  a  Ut  which 
visits  at  24°  C,  contains  a  smalt  qoanti^  of  spennaeeti,  and  yields  by  mponiflcation 
a  turbid  soap  containing  a  small  qnnntit^  of  a  fatty  acid,  isomeric  or  identical  with 

3>ric  acid,  C'*JI*0*.  When  snponified  with  oxide  of  lead,  it  yields  chiefly  a  lead-salt 
nble  in  eth«<r,  with  but  a  amuU  quantity  of  a  lead-salt  insoluble  therein. 

The  lead-salt  insoluble  in  etht^r  coriLtiins  a  mixtore  of  a  body  melting  at  49°  0. 
with  a  smaller  quantity  of  a  subetance  which  melts  at  100°  C.  without  decomposing. 
The  lead-salt  8(^able  in  other  yields,  when  decomposed  by  acids,  yellow  doeglic  acid 
C*»H"0*,  which  belongs  to  the  oleic  series,  is  perfectly  clear  and  fluid  at  1%^  C^  »nd 
solidifies  s  little  above  0°  C.  It  rofblena  litmus,  forms  a  liquid  ethyl-compound, 
C'»H"((?'H»)0",  and  a  crystalline  barium-salt,  C'»H»»BaO',  which  dissolves  in  boiling 
nleohnl  and  does  not  melt  at  100°  C. 

Doegling  train  oil  vields  by  dry  distillation  a  laig«  qnutitjr  vi  a  colourless  Uqtiid 
which  is  a  mixture  ot  terenl  fatty  adds  (including  volatile  acids  like  butyric  aod), 
with  numerous  hydrocarbons.  Hy  treatbg  this  liquid  with  carbonate  of  sodium  and 
water,  rectifying  it  per  se,  treating  it  with  potassium,  and  again  rectifpng,  a  oolourlem 
b'qnid  hydrocarbon,  C^H*^,  is  obtained,  having  a  stronff  aromatic  odour,  and  Tsponr> 
density  «  6*8  (2  roL).  According  to  Scbarling,  this  hyw)carbon  is  formed  by  the  do* 
composition  of  mndc  of  dorpiyl,  C'H*^.  contained  in  the  oil  (C»*H*^  - HH)  -  2C"H»«). 

Dk)«glinK  train  oil  treated  with  uitroua  acid,  assumes  a  darker  colour  and  solidifies ; 
and  the  solidiSed  oil  may  be  separated  by  alcohol  into  a  reddish-yellow  easily  soluble 
•nbitanee,  and  a  colourless,  crystdllisable,  less  soluble  mass,  neither  of  which  has  been 
4CEnBuned, 

SOO^TOOTB  SPAS.     The  scalenohedral  form  of  calcspar  (i.  722). 

SOXiBKZW.    A  gocisaoid  rock  in  the  Alps,  consisting  of  talc  and  felspar. 

SO&BSZTS.  A  rock  nearly  allied  to  basalt,  and  consisting  of  a  cryBtailo-graanlar 
mixture  of  felspar  (labrsdorita)  and  angite,  with  a  small  quantity  of  titanirerons 
ntagnetie  iron  ore:  it  differs  from  basalt  by  not  containing  olivine,  and  generally  also 
bj  the  absence  of  xoolites.  Its  structure  varies  from  small-  and  fine-grained  to 
ooDipsct,  seldom  coarse-grained.  It  often  contains  distinct  crystals  of  angite  or 
labmdorite,  or  both,  and  then  becomes  porphyro'idal ;  it  likewise  acquires  an  amygdaloid 
character  by  the  presence  of  cavities,  and  is  sometimes  porooa.  Speeifie  gravity 
—  2  76  to  2-99.  The  essential  eonatitaents  of  dolerite  are  silica,  alumina.  lime, 
magnesia,  ferrous  and  ferric  oxide,  witli  small  quantities  of  potash  and  soda.  Dolerite 
from  Iceland,  analysed  by  Aucrbach,  gave  38-18  per  cent  labradorite  and  6r32augite. 
Dolerite  from  Melssnor,  aniilvBed  by  Hcusaer  (Pogg.  Ann.  Ixxxv.  298),  gave  -iZfiO 
labradorite  and  49  GO  nuiiit*-,  mid  by  ultimate  analysis  48-00  SiO',  16-28  Al'O*, 
16-55  iVO,  9  50  Ca'O,  3*!*6  Mg*©,  2  01  Na*0,  2*01  K*0,  280  water  (loss  included). 

Dolerite  occurs  as  an  eruptive  rock  in  enormous  masses,  streams,  veins,  beds,  and 
crtiAts;  it  gcneniUy  WBatheni  somewhat  easily;  it  is  but  slowly  attacked  by  acids. 
A  very  fine  formation  of  ooorae-grained  dr>k-rite  is  found  at  Meissner  in  Hesse. 
See  ErAubisson  {Traiii  de  Gl^gnone^  ii.  558,  note).  —  On  the  dolerites  of  th« 
left  bank  of  the  Rhine  (Bergemann,  Earet<>n's  Archiv.  rxi  3;  Rammelsberg's 
Handw.  4,  suppl  49  ;  Jahresber.  f.  Chem.  1849,  803).— On  the  dolerite  of  Guadalonpe 


(Deville,  BnU.  giolog.  [2]  yiii.  425;  Jahresber.JSfil,  882).— On  the  dolerites  of  the 

ifg  (Dechen,  Ver* 
Heft,  289);  Jalin-clMT.  1852,  949).,— On  the  products  of 'decomposition  of  dolerite 


^beogsbii^  (Dechen,^rhardi.  d.  naturalist.  Vereins  d.  preusa.  Bheinl.  1852,  3,  4, 

Heft,  289);  Jalirt-xlM-r.  1852,  949).-    "       "  -  -  -  

(R.  Ludwip,  Jaliresber,  1851,  831). 

SOXiOMZTZL  The  compact  and  granular  varieties  of  magnesio-calcic  carbonate 
(Ca;  Mg)K;0*,  the  crystalhsed  vjirieties  being  callsd  Bitter-spar  (i  600).  The 
foUowina  sub-varieties  have  been  distiaguished : 

1st,   GramtUr  JklomiU. 

a.  WhiU  fftaaktdar.  It  occurs  massive,  and  in  fine  granular  distinct  concretions, 
loosdy  segregated.    Lustre  glimmering  and  pcsriy.    Fracture  in  the  large,  imperfect 
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hUty.  Faintly  translucent.  As  hard  as  fluor-spar.  Brittle.  Spedfic  grtivity,  i-tt. 
Effervesces  feebly  with  acidji.  Phoaphorescent  on  heated  iron,  or  bj  friction.  Ita 
constituents  are,  465  carbonate  of  maraeaiam,  5208  carbonate  of  calciora.  0*25  oxida 
of  manganese,  and  0*fi  oxide  of  iron  (EJaproth).  Beds  of  dolomite  contaimng  tremolite 
ocnir  in  the  island  of  lona,  in  the  mountain-group  of  St.  Gothard,  in  the  Apennines, 
and  in  Carinthia.  A  beautiful  white  rariety,  u&ed  by  ancient  sculptors,  ia  found  in 
the  Isle  of  Tenedos. 

Thefli^bk  variety  was  first  noticed  in  the  Borgbese  palace  at  Home  ;  but  tho  other 
varieties  of  dolomite,  and  also  common  granular  limestoDe,  may  be  rendered  flexible 
by  exposing  them  in  thin  and  long  slabs  to  a  heat  of  480°  Fahr.  for  ax.  bonis. 

b.  Brown  Ih>tomit«,  or  magoesian  limestone  of  Tennant 

Colour,  yellowish-grey  and  yellowish -brown.  Massive,  and  in  niinnt<»  granular 
-concretions.  Lustre,  mieroaUy  glisteaing.  Frnctare,  splintery.  Translucent  on  tba 
edges.  Harder  than  calcareous  spar.  BrIttJe.  ^peciiSc  gravity  of  crystalB,  2*8.  It 
disBolrea  slowly,  and  with  feeble  efierrescencc ;  and  when  calcined,  it  is  long  in 
rt'iibsorbing  carbonic  acid  from  the  air.  Its  constituents  are,  lime  296,  magnena 
203,  carbonic  *n:id  47"2.  alumina  and  iron  0'8  {Teniiant)^  In  the  north  of  UngUndit 
occnrs  in  be<lfl  of  considerable  tbickneBs  and  crreat  extent,  testing  on  the  Newcastle 
coal  formntirin.  Tn  the  Isle  of  Man,  it  occurs  in  a  limestone  which  rests  ou  greyvacke. 
It  occurs  in  trap-rocks  in  Fifes  hire. 

To  the  preceding  variety  we  must  refer  a  jlexibU  dolamiU  found  near  Tinmouth 
Castle.  It  is  yellowish -y;rey,  passing  into  cream-yellow.  Massive.  DulL  Fractora 
earthy.  Opaque,  Yields  readily  to  the  knife.  In  thin  plates,  very  flexible. 
Specific  gravity,  2*64 ;  but  the  stone  is  porous.  It  dissolves  in  acids  as  readily  as 
cninmon  carbonate  of  caJciura,  Its  constituents  are  said  to  be  62  carbonate  of  calcium, 
btoI  36  carbonate  of  magnesium.  When  made  moderately  dry,  it  loaea  its  flexibility; 
but  when  either  very  moist  or  very  dry,  it  is  very  flexible. 

2nd,  Columnar  Jhlomitc.  Colour  pale  greyish-white.  MasaiTe,  and  in  thin  prismatifl 
concretions.  Cleavage  imperfect.  Fracture  uneven.  Lostre  vitreous,  incuning  »o 
pearly.  Breaks  into  acicular  fragments.  Feebly  translucent.  Brittle.  Specific 
gravity  276.  Its  constitnents  are  61  carbonate  of  calcium.  47  carbonata  of 
magnesium,  1  carbonate  of  iron.     It  occnra  in  serpentine  in  Bussia. 

3rd,  Compact  JkAomitty  or  Gurhoffile.  Colour  snow-white.  Massive.  DulL 
Fracture  flat  conchoidal.  Slightly  tran.shiccnt  on  the  etlges.  Semi-haid.  Difficultly 
frangible.  Specific  gravity  276.  When  pulverised,  it  dissolves  with  efFervescenca 
in  hut  nitric  add.  It  consists  of  70*5  carbonate  of  calcium  and  29"6  carbonate 
of  magnesiam.  It  ocairs  in  veins  in  serpentine  rocks,  near  Ourho^  in  Lover 
Austria.  n. 

IIOMB>  A  term  used  in  crystallography  to  designate  a  trimetric,  moaodinic,  or 
trirlinic  prism,  whose  faces  and  edges  are  parallel  to  one  of  the  secondaiy  axes,  in  con- 
tnidi<tti action  to  those  which  are  parallel  to  the  principal  axis,  the  tarmprism  being 
for  Uie  most  part  restricted  to  these  latter.  (See  CaTSTALXxraxAPHT,  pp.  146,  151, 
157.) 

90BU3 1  &XTB.  Arsenical  Copprr,  Weiukupftrers. — An  anenide  of  copper, 
Cu''.An,  found  in  the  district  of  Copiapo  and  the  province  of  Coquimbo,  in  Chili,  ta 
reiiifonn  sad  botryoi'dal  conc-retioDS,  also  masGive  aud  disseminated.  Hardness  «  3 
to  Zb.  Lustre  metallic  Colour  tin-white,  with  a  slight  yellowish  or  iridescent  tar- 
nish.   FjTioturc  uneven.    Melts  easily  before  the  blowpipe,  emitting  an  odour  of  arsenic. 

Analt/ta. — a.  Copiapo,  province  of  C<xiuimbo  (Domeyko,  Ann.  Min.  [4]  iii.  6).— 
b.  Cordilleras  of  Copiapo  (Field,  Chem.  Soc.  Qu.  J.  x.  289).— r.  Coquimbo  (Field).— 
d.  Ban  Antonio  mine,  Copiapo,  mixed  with  iron  pyrites  (Domeyko). 
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A  similar  mineral  from  Michipicoten   Island,  Lake  Superior,  of  reddish-white 
bronze-yellow  colour,  and  specific  gravity  7*35  to  7 '40,  is,  according  to  T.  8.  Hunt 
(SiU.  Am.  J.  XXV.  406),  perhaps  a  mixturi-  of  domeykite  and  nickelin. 

Omdurrite  (i.  1110),  must  be  regarded  as  a  product  of  the  decomposition  of  domeykite, 

BOMZra.     A  greyish  variety  of  clbkstotie  froro  the  Puy  de  Dome  in  Auvergne. 

HOWJLMXJL.     The  name  given  by  Bergemann  (Pogg.  Ann.  Ixxxvii.  608^  to  as 
earth  which  he  obtained  from  the  orungite  of  Brevig  in  Norway,  and  aupposed  at  th* 
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tiinc  to  be  peculiar ;  Ister  inTestiffktion*.  bowever,  by  Bergematui  hluuelf  and  by  Berlin 
anil  Datnour,  hare  abown  that  it  u  identical  with  thoriaA. 

1MWUBXTX.  A  pitch-like  sabetAOce  occmriag  in  bjera  in  the  peat  near  Aiuuee 
in  Stjrria  (H&idinger,  Wicn.  Akad  Ber.  ii.  287).  It  ia  eelatinoiu,  elafltic  Ilka  caoDt* 
chcmc,  browni«b-bIack,  tmonlucent  on  the  edges,  hu  but  Tittle  Itutres  ia  rery  soft,  and 
baa  a  apactfle  gravity  of  VO&d.  When  exposed  to  the  air,  it  quickly  gives  off  a  larga 
quantity  of  watar,  and  splits  np  into  bbck,  highly  lustrous,  sharp-p<jged  brittlf  lumpw, 
like  jet,  haTing  a  baidneaa  of  2  to  2-S,  and  Sf«cific  gravity  of  1-466.  In  this  utate  it 
barns  awar  bat  alovly  when  heated,  leaving  a  white  ash.  It  is  inMluble  io  alcohol 
and  ether,  bat  diaaolves  almost  eotirely  ia  catwtic  potash.  According  to  an  analysis  by 
Schrotter  (Wien.  Akad.  Ber.  1849.  p.  285),  it  contains  fil-43  carbon,  634  hydrogen, 
and  48-03  oxygen  (  ■>  1 00) :  according  to  another  analysis  by  Schrotter,  qnoted  by 
Kenngott  flUndw.  d.  Chenu  2«*.  Aufl.  ii.  [3]  484),  it  contains  48-06  per  cent,  car- 
bon, 4-98  hydrogen,  103  nitnjgen,  and  4007  oxygen.  The  fresh  substance,  at  18°  C, 
eontaina  68*22  per  cenL  water,  and  after  being  heated  to  lOO'^  C,  78*6  per  cent,  water. 

The  same  snbatance  appears  to  occnr  in  the  peat  deposits  at  tha  Oontea  baths,  near 
Appenzell  (t.  Tchndi,  Wien.  Akad.  Ber.  ii.  274^  and  in  tha  paat  of  Bcrechtngardcn 
(Gnmbcl,  Jalirb.  J.  Min.  t.  Leonbard,  1858,  p.  278).  Ttie  subatance  from  Hagnets- 
wyl  in  the  Canton  of  St  Qall,  desctibad  as  dopplerita  by  J.  D  e  i  eke  (Berg.  v.  Hiittenm. 
Zcitg.  xrii.  383),  does  not  eadubit  the  same  properties. 

smAcamsra,  ssAcnrB,  or  D&ACownra.    See  Diuooya  Blood. 

BBACO  BKXTZOATirB.    An  old  name  of  calomeL 
SSACOL    Ldurent's  name  for  Aktsol. 
OSACONZC  ACXS.    Syn.  with  Ajobio  Acm  (I  300). 

Sit^SSSS"!     See  DnAOOK's  Blood. 

nBikConrTXi.     A  pnxluct  of  decomposition  of  dragon's  blood,  identical,  aooording 

to  Ijlytb  and  Hofmann,  with  metustjrol  or  nutacinuamene  (i.  082). 

SKACOmrX,  or  SlUiOOinx,  OB^LOmiBII  or.  Lament'a  nama  for  m 
product  of  the  action  of  chlorine  on  oil  of  tarragon  (i.  299). 

H^ACTlt,      A  product  of  decomposition  of  dragon's  blood,  idantte^  according 

to  Hofmann,  with  toluene  or  hydride  of  benzyl  (i.  673). 

SSAOOimra,  OBAOOMZTB.     Syn.  with  Bock-cbtbtai« 

SftAGOWZC  ACX9,    Syn,  with  Amno  acid. 

SKAC^Oirs  aiiOOD.  San^uu  Draconu.—A  resin,  so  called  on  acconnt  of  its 
T#!d  dolour,  wliit'h  eiu.les  from  rarioua  trees,  either  spontaneously  or  from  incisions. 
Three  kinds  are  distinguished  in  commerce — 1.  Eiut  Indian  dragon's  blood,  which  ia 
found  on  the  ripe  fraita  and  tcavea  of  aevezal'palms  of  the  genoa  CalamtiSf  vis.  C 
Rotang,  C.  jxtrmuf,  C.  draco.  2.  Amtrican,  from  incisions  in  PUrocarpvM  drooo, 
indigenous  in  the  West  Indies.  3.  Canary  dragon's  blood,  from  Dracana  draco.  Ae- 
eording  to  Fereira,  it  occurs,  in  commerce,  in  sticks  or  in  the  reed  (Sanguis  dractmis 
Iff  baeulis);  in  oval  massee  or  drops  {in  lachrymis)',  in  powder;  in  the  taar  {in 
grmus) ;  in  lumps  (in  mauis)i  and  in  cakes. 

Dragon's  blood  is  dark  red-brown,,  opaque,  tasteless  and  scentless,  brittle,  and  yields 
by  trituration  a  cinnabar  or  carmine-red  powder.  When  pure,  it  dissolvea,  with  fine 
rad  colour,  in  afcoM,  alw  in  rther^  and  in  oils  both  fixed  and  Tolatilo.  Alkalis  also 
disaolve  it  more  or  less  completely. 

The  composition  of  dragon's  blood  Tariea  with  ita  origin ;  the  sereral  eommerrisl 
varieties  are  probably  mixtures  of  different  compounds.  According  to  Johnstone, 
(PhiL  Trana.  1839,  p.  134),  the  portion  of  coke  dragon*B  blood  which  is  soluble 
in  alcohnl  and  ether  has  the  compositiou  C"H*0*.  (Herberger  {Buchn.  Repert. 
xxxrji.  17  ;  xL  138)  found  in  100  pte.  of  dragon's  blood  iw<7ranw.-  90-7  red,  amorphous, 
acid  re<«in,  which  he  designates  as  drsconide,  2-0  fatty  matter  eolable  in  ether,  30 
benzoic  acid,  3*7  phosphate  of  calcium,  and  TO  oxalate  of  calcium. 

The  alcoholic  solution  of  dragon'a  blood  forms  red  or  riolot  precipitate*  with  metal- 
lic aaJta  (Herberger).  The  aaroe  turns  yeUow  when  mixed  with  snlphuric  or  hydro- 
chloric acid,  and  on  addition  of  water  depoaita  a  yellow  or  reddish  compound  of  the 
acid  with  the  resin.  This  compound  dissolves  in  a  small  quantity  of  water,  forming 
a  yellow  solution,  which  is  reddened  by  alkalis.  Melandri  (Brandes'  Archiv.  [1828] 
XXV.  193)  regarded  the  resin  combined  with  sulphuric  or  hydrochloric  acid  as  an  alka- 
loid, and  deaignated  it  as  draronine.  dracenint*.  or  dracine. 

Dragon's  bkod  ia  decomposed  by  nitric  acid.  With  acid  of  epeciflc  gravity  1*S8  it 
yields  oxalic  add ;  if  the  add  baa  been  preTiou&ly  dilut«d  with  an  equal  weight  of 
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water,  it  forms,  when  heated  irith  the  resin,  mtrobenioio  acid,  together  with  s  oob> 
volatile  acid. 

Dmgon's  blood,  when  graduaJly  heated,  mdts  and  gives  off,  up  to  210*  C>,  a  small 
^UHntity  of  acid  watery  distillate  containing  acetone  and  benzoic  acid ;  as  the  heat 
iacreases,  the  resin  swells  op  and  gives  off  carbonic  anhydride  find  carbonic  oxide, 
while  water  is  fonaed,  and  think  white  Tapours  are  evolred,  which  condense  in  the 
rcceiTer  to  a  reddish  black  liquid.  The  oily  distillate  contains  two  hydrocarlx>na, 
dracyl  and  draconyl,  the  former  of  which,  according  to  Hofmann,  is  identical  with 
tolaene  or  hydride  of  benzyl  (i.  573),  the  latter  with  metacinnamene  or  metsjtyrol 
(i.  982J.  Beusoic  acid  is  alao  obtained,  together  with  a  colourless,  mobile,  oxyceoatMl 
oil  which  is  heavier  than  water,  icaoluble  therein,  but  soluble  in  alcohol  and  ether, 
and  boila  at  200'^  C. ;  with  potash,  thia  oil  yields  benzoic  acid  and  a  compoond  not 
further  eiamined,     (GUnard  and  Boodault,  Compt  rejid.  xvii.  603  ;  xix-  606.) 

Dragon's  blood  is  used  chiefly  for  colouring  varniBhes,  for  preparing  gold  lacqners, 
for  tooth  tinctures  and  powders,  and  for  staining  tnarble,  to  which  it  imparts  a  fine 
red  roloor ;  it  is  also  osrd,  though  rarely,  in  medicine.  A  eporiooa  kind  of  dragon's 
blood  is  said  to  be  found  in  commerce,  oonsistiag  of  a  miztore  of  different  resins  oo- 
loured  with  sandarach. 

J>UAVrnrO  BtiATK,  lilaek  chalk, — Ooloor  greyiah-hlack.  Massive.  Lnstre 
of  the  principal  fmcturc,  glimmering;  of  ths  cross  fim-ture,  doll.  Fmcture  of  the 
former  alaty,  of  the  latter  fine  Mrthy.  Opaque.  It  writes.  8treak  same  colour,  und 
glistening.  Very  soft.  Sectile.  j^asily  frangible.  It  adheres  slightly  to  the  tongue. 
Feels  fine,  but  meagre.  Specific  gravity,  2-11.  It  is  infusible.  Its  constitaects  are, 
silica  64 'U6,  alumina  II,  carbon  11,  water  7*2,  iron  2'76.  It  occurs  in  beds  in  prini- 
tive  and  tmnsitloa  cky-skte,  also  in  secondary  formations.  It  is  found  in  the  coal 
formation  of  Scotl und,  and  in  most  countries.  It  is  used  in  crayon-painting.  The 
trace  of  bitominca^  shale  is  brownish  and  irregular;  that  of  black  chalk  is  regular  and 
bluck  The  best  kind  is  found  in  Spnin,  Italy,  and  France.  (See  Ur^»  Dietionary  of 
ArU,  Manu/actureg,  and  Mints,  it  67.) 

SSSELXTB.  Drtfitf. — A  baryto-calcic  sulphate,  ocmrring  in  small  nnmodifivd 
rhombohedrul  crystals,  dLsseminatod  on  the  surface  and  in  the  cavities  of  a  qoartzose 
rock  at  Besi^eu,  Dep.  of  the  Rhone,  also  at  Bjidanweiler  in  Baden.  R  :  R  in  the  ter- 
minal edges  =  93°  or  94°.  Cleavage  rhombobedral  in  traees.  Specific  gravity  -  8*2 
to  3"4.  nanIn£*3  =  3-5.  Lustre  pearly;  splendent  on  the  fractuml  surfaces.  Streak 
and  colour  white.  According  to  Dufr^noy  (Ana.  Ch.  Phye.  [2]  Ix.  1U2)  it  contains 
61  73  per  cent.  Ba'SO*,  and  14-276  Cft-SO*,  agreeing  witi  the  formula  Ca'SO*.3Bft'S0\ 

or  ^*JSK>*,  together  with  8'0£  carbonate  of  calcium,  971  silica,  2-405  alumina,  I'fiS 

lime,  and  2  31  water. 

SRTJPACnr.  B  uc  h n  er  (Repert.  zlL  237)  gave  this  name  to  a  yellow  sahstenee 
deposited  firom  old  bitter  almond  oil.  It  was  said  to  disaolve  in  Sicids  and  to  be  prs- 
cipitated  by  bases,  and  was  perhaps  beneamide. 

SKVeSt  or  Gcodc  A  rounded  nodule  of  stone  containing  a  cavity  lined  with 
crj'stalfl. 

•QKT  ft  W  ft  T. a  WOra  CAIWPHOAA,  The  camphor  tree  of  Borneo  and  Samatn» 
which  yields  bomeol  nnd  l>r»rrieeae  ^i.  026).  The  bomeol  or  Borneo  camphor  is  a  white 
crystolune  aubstnnee  fouud  in  caritit^  of  old  trees.  The  bomecne  is  a  liquid  hydro- 
cjrbon,  isomeric  with  oil  of  turpentine,  C'H",  which  exudes  fh>m  incisions  in  ths 
younger  sloms. 

The^  tree  likcunse  contains  another  oil,  described  by  Lallemand,  which  is  obtained 
by  boiling  the  different  piirts  of  the  tree,  cat  up  into  small  pieces,  with  water,  and  col- 
lecting the  oily  layer  which  floats  on  the  surface.  It  is  a  viscid  reddiah  oil,  having 
» itrotffi  balBamtc  odour,  and  turning  the  plane  of  polarisation  of  a  luminous  ray  tn 
the  right.  It  begins  to  boil  at  about  180'=  C.  (bomeene  boils  at  166'='),  but  the  boiling 
point  quickly  rise.*  to  about  266'  and  then  to  300*^,  at  which  temperature  the  whole 
of  the  volatile  portion  has  passed  over,  and  there  remainB  a  resin  amounting  to  about 
half  the  weight  of  the  original  oQ.  The  dietilled  oil  is  farther  resolved  by  repeated 
fractional  distilljitinn  (mostly  conducted  undtT  diminiBhed  pressure)  into  a  more  vola- 
tile oil,  boiling  from  180^  to  100°  C,  and  a  less  volatile  oil,  boiling  at  about  260O. 
Both  have  the  composition  C"H'*.  The  crude  oil  was  net  found  to  contain  bomeol. 
(Lallemand,  ktudts  mtr  la  Composition  de  queljuea  Essencts,  Ann.  Ch.  Pbya.  [3]; 
Ivii.  404.— G  m.  xiv.  354.) 

SBTflUS  WIMTERIt  OT  Wintrra  aromatu-a.  The  bark  of  this  tree,  growing 
in  Bnuil,  is  said  t<>  W  the  CorUx  tVintrranti/f,  formerly  used  as  a  tonic.  It  mB- 
taioB,  according  to  Henry  (J.   Pharm.  ▼.  481),  in  100  pis.  1-2  volatile  oil,   10  hard 
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•erid  nsttt,  0  extracHTe  matter  with  a  little  t«iuiiii,  1^  itaith,  tiao  woody  fibre, 
■altt,  &c. 

Acconling  to  more  recent  inyeitigatioM  by  Wciasbecker,  Cortex  Wmteranut  is  ob- 
tAio«d  from  WinUnmu*  CantUa.  L.  {CandUt  alba.  M.),  or  from  some  other  plant 
Ht'Arly  rdated  thereta 

SSCSUT.     Se«  JuTR. 

SXrCZTO  W N ITU.  The  name  gtvm  by  C.  U.  Sch  ppard  (Sill  Am.  J.  xxriii  129) 
to  a  mioeml  /oand  io  tho  oopper  inUie  a«ar  Duckiown,  Eiuit  Teoneaade,  baring  »  stt^cl- 
giwr  ooloar  indining  to  bironxe^  hardoc«9  =  66,  specifle  grsTity  b  4-66  to  400, 
ana  onntiualfl^  •eoorlmg  to  B.  A.  Fieber,  307  pta.  iron  and  86-0  copper,  togvtbcr 
with  Btilphor.  Aoeofdiog  to  O.  J.  Brush,  it  u  a  mixture  of  pyrite^  diiukoein,  mala- 
efaitp,  quartz,  Umonite,  fte. 

StrCTZXXTT*  That  property  or  texture  of  bodies,  which  renders  it  pmcticjible 
to  (iniir  them  out  in  length,  while  their  thickness  is  diminished,  without  any  actual 
tneivTQ  of  their  port*.     Tbia  term  i«  almost  exclusircly  applied  to  metals. 

Tho  words  malleability,  laminability,  and  ductility,  though  often  confounded 
rlhcr,  and  used  in  a  loo8«  indiscriminate  way,  are  really  TeiT  dififereot.  Mai- 
tility  is  the  property  of  a  body  which  enlarges  one  or  two  of  its  three  dimen- 

is  hj  a  blow  or  pressure  reiy  suddenly  applied.    Laminability  belongs  to  bodiee 

extensible  in  dimension  by  a  gradually  applied  pressore :  and  ductility  is  properly  to 
be  attributed  to  such  bodies  aa  can  be  ronoered  longer  and  thinner  by  drawing  them 
though  a  hole  of  smaller  area  than  tho  transTerse  section  of  the  body  so  drawn.     U. 

"avrnxn  its.  Grctn  Iron  ore,  Kraurite. — A  basic  ferric  phosphate,  ZFe'CPHl*, 
or  3/V*0.2/t^PO',  oceurring  in  indistinct  triraetric  crystals  ( <»P  :  oeP  about  123**), 
with  brachjdiagoaal  cleavage,  or  in  spherical,  botryoVdal,  or  kidney-shaped  massea, 
with  radiated  fibrous  etmctare,  and  drosy  surfiMe.  Hardness  »  Z'6  to  4.  Specific 
grant^  —  3*2  to  3-1.  Lui«tre  silky,  weak.  Colour  dull  leek-green  at  blaekieh-greoD, 
e^iangmg  to  yellow  and  brown  on  exposure.  Streak  siakin^gr^en.  Subtranilaoent. 
Helts  easily  to  a  slag  bffore  the  blowpipe. 

Karsten  (Arch.  f.  Berjrb.  t.  Hiitt^nw.  it.  243)  found  in  a  specimen  from  Siegwi 
in  Saxony.  2772  p.  c.  P»0*,  63  45  Fe*0»and  8  66  wat^r  ;Vaaquelin  <Ann.  Ch.  Phya. 
XXX.  20-2)  found,  in  a  specimen  from  Haute  Vienue,  France,  27"85  P*0*.  66-20  Fe'O*, 
676  Mn«0*,  and  9-29  water,  whence  the  formula  2(2FeH)».PK)»)  +  6H»0;  (calcL28-0 
PO*.  631  Fe'O',  8-9  water),— From  a  moTV  recent  analysis  by  Pisani  (Sill.  Am.  J. 
[2]  xxiii.  42.3),  tho  formula  appears  to  be  2(2Fe«0*J»K)«)  +  TS*Q. 

VlTTBJSirO'rsmL  A  sulphide  of  copper  and  arsenic  occurring,  together  with 
binntte,  in  the  dolomite  of  the  Bmnenthal,  in  the  Ober-Wallis,  Switzerland.  It  forms 
small  monometric  crystals,  sometimes  with  numerous  fisees,  of  darit  steel-grey  to  iron- 
black  colour,  opaque,  and  with  metallic  lustre.  Hardness  =  4 '6.  Specific  gTHvity 
■■  4-6.  HeatM  in  a  test-tube,  it  yields  a  sublimate  of  sulphide  of  arsenic;  when 
roasted,  it  yields  arsenions  oxide.  Before  the  blowpipe  it  gives  off  aisenical  Ibmoa, 
and  melts  to  a  black  button.     With  soda,  it  yields  a  button  of  copper. 

The  composition  of  this  mineral  is  raiiously  stated.  Uhrlaub  {Kcnngoif*  TJlbera, 
1856-1S57.  p.  173)  foand  in  it: 


8 
27'M 


As 

3006 


Cn 
3774 


Pb 
276 


Ag 
1*23 


Fe 
0-82  ~  10014 ; 


which,  when  the  lead,  silver,  and  iron  are  replaced  by  their  equivalents  in  copper, 
agrees  approximately  with  the  formula  3Ca'S.2As*S*  or  Cu'As'S*  (calc.  2970  S,  3103 
Aa,  39-27  Cu).  — Stockar-Escher,  on  the  other  hand  {ihnd,  p.  174),  found  in  the 
pure  erystals: 

8  As  Cu  Ag 

32  73         18  98         4624         191  =  99-86  ; 

wMeh  sgrsfls  nearly  with  the  formula  of  normal  cuprous  sulpharsenate,  3Cu*S.As^,  or 
Cca*AsS*  (calcL  32  60  8.  19-10  Aa,  48-29  Cu).  The  latter  formula  is  the  same  as  that 
of  enai^te,  and  if  established  for  dufrenoysite,  would  show  thmt  cuprous  solpbarBeaata 
is  dimorphous. 

The  name  dufrenoysite  has  sometimee  also  been  applied  to  binnite  (L  688). 

STTXtCAHfliUBZar.  Wittstein's  name  for  s  base  obtained  from  the  stems  of  the 
common  niiiht^liade,  Siyfanum  Dulcamara,  which  he  regards  as  peculiar,  and  represents 
by  the  fnniiulA  C^WyO^  (Vicrte^iahreaschrift,  f.  prakt.  Phann.  i.  864,  405). 

WrMtCAMXm,    Syn.  with  BlTTSAsmET  (i.  600). 
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StfliCIW*    Syn.  with  Dulcitb. 

Ilxrx.CnrA]r.    Syn.  with  DrzxTiTiK. 

I>Tri,ciT A»r.  Dulcinan,  C*H'»0*.  (B* r  t h e I o t,  Chitnie  orffonique/ondk  ntr  U 
S>/nt/ii^,  Paris,  1860,  ii.  207.}— The  aahydride  of  dulciu*  (C«H'*0«-H«0),  obtoined 
by  heating  dulcite  for  Bome  time  to  near  200"  C,  or  by  the  decompositioa  of  the  dold* 
tanidea-  It  ifl  a  very  Tiscid  nputnil  Hyrup,  which  volatilises  perceptibly  at  120'^  C,  and 
18  partijilly  converted  into  diUcite  by  prolonged  contact  witli  water,  or  by  healing  with 
water  and  bftrytA-cryet&ls.  It  ia  mluhh  in  wnter  and  is  abtolate  alcohol,  but  not  in 
ether.     The  oompositioti  of  ita  salts,  the  dukilHtiides,  ebows  that  it  may  be  r«ttaxd«l 

as  a  pentatomic  alcoholi  ^       H*r^*'  *^o**"''''6  ^  atoms  of  typic  hydrogen. 

DVXiCXTAirXllBB.  Compouads  of  duldton  with  acids,  analogoas  to  the  iiu&iii> 
tanides  aad  glyceridca.  Thoy  may  ho  regarded  as  dalcitao,  in  which  2  or  4  at.  H  are 
repUcad  by  acid  radiclee,  or  ae  compoundfl  of  diilcitaD  mintu  H^O,  with  the  correflpoodtxig 

anhydrWee;  thujj,  butyro-duicUan  C"H»0'  =  h'.(  cS^O)' !  *^*  ^  C^'^*.C^"0». 
They  are  prepared  by  heating  dulcite  with  acida  in  aealed  tubes,  maintaioing  the 
tcmpemtura  for  some  time  at  100°  0.,  or  more  easily  by  mming  it  to  200** — %W*, 
The  fused  mass  is  mixed  with  excess  of  a  Bbrong  eolutiun  of  carbonate  of  mkUhio  and  a 
little  caustic  potash,  then  repeatedly  exhausted  with  ether;  the  ethereal  eolutiou  if 
digeatfid  with  anlmAl  charcoal ;  and  the  filtrate  evaporated  over  the  water-bath.  If  the 
TeRidue  It  still  ctoi  quite  neutral,  it  must  be  again  treated  with  carbomite  of  aodioa 
and  ether. 

Bentoduleitan,  C*H*0'  —  H*  fr'H^oVi  ^*" — KesinoM,  of  the  consistence  of 
turpentine,  decomposed  by  boiling  with  a  mixture  of  alcohol  and  hydrochloric  acid, 
yielding  bensoate  of  ethyl ;  by  hydrate  of  calcium  iato  beazoute  of  calcium,  and  a  mix- 
ture  of  dulcite  and  dulcitan. 

Butyrodulcitan^  C'*H-*0'  ~  n*  CC*H'Qi'[  ^'' — Colourleaa,  riscid  oil»  having  a 
bitter  and  battery  taste ;  neutral,  sparingly  Boluhle  in  water,  easily  in  nbsoluta  alcohol 
and  in  ether.  JBoited  with  alcohol  and  hydrochloric  acid,  it  yields  dulcitan  and  butyric 
ether. 

Sitatoiutcitan.  a,  Neuiral,  C*'H»0'  -  HW'*H"0)'i  0*-— ^"«^Jy  "^•"*«.  "T** 
talline,  neutral.  Closely  resembles  monosteariii,  both  in  its  physical  and  in  its  chemi- 
cal chAnuiters. 

b.  Acid.  C^H'  "O*  -  /cii^Sojl !  O*.— Obtained  by  heating  dulcite  to  220*0.  with 
a  huge  excess  of  stearic  acid.    It  is  white,  nentral,  and  very  much  like  tristeatizu 

is  obtained  by  heating  a  mixture  of  equal  piuiH  of  dwlcit^  and  tiirlaric  acid  to  100° — 
120^  C.  for  five  hours  in  an  open  vessel,  tritumtlng  tha  rcaiilting  glutin'^us  mass  with 
chalk  and  a  little  water  till  it  becomes  neutral,  then  filtering,  prmpitating  with 
alcohol,  and  purifying  by  repeated  solution  in  water  and  precipitJvLion  with  jdeohol. 
This  salt,  dried  in  vacuo,  has  the  composition  C"H"Ca*0'*  +  4  aq.,  and  gives  off  its 
water  at  100"  C. 

SirXiCITS.    Dhdcm,  Dulcote,  Mel^mpyriU,  Meiampyrin.    C*H"0'  =^^^'^[o*. 

(Laurent,  Compt.  chim.  1850,  p.  364;  1851,  p.  29. — Jacquelain,  ibid.  1851, 
p.  21.— Hiinefeld,  J.  pr.  Chera.  ni.  233;  ii.  47— Eichler,  Ueher  daa  Mdampyrin, 
Moskau,  18.S5;  Ren.  Chim.  pure  ii.  103.— L.  Gilmer,  Ann.  Ch. Pharm.  cniii.  372.— 
I'^rlenmeyer  and  Waaklyn,  Chem.  Soc.  J.  xv.  4Sf>.) — A  succharine  substance 
similar  to  and  isomeric  with  mannite.  The  plimt  from  which  it  was  originally 
obtained  is  unknown.  It  was  first  sent  to  Paris  in  1848  from  Madagascar,  in  lumps 
more  or  less  rounded,  crrstalliscd  througbaur  their  entire  mass,  and  covered  externally 
with  earthy  particlps.  Jt  is  easily  purified  by  means  of  boiling  water,  the  filtered 
■oiutjon  depositing  crystals  of  dulcite,  an  additional  quantity  of  which  separates  from 
tlie  mother-liquar  on  standing,  while  a  nearly  cclrmrleBS,  uncrystallisaLle  s^Tup 
remains. 

Quit<>  recently  Gilmer  Las  shown  that  ind^mpyrii&,  the  saccharine  aubetance  ob- 
tained by  Hiinefeld  from  Melampi/rum  nemorosum,  and  by  Eichler  from  SerophulariA 
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^_  I  and  ShinanthuM  Oruta  Galli,  and  hitherto  regarded  as  C»E'*&;  or  C»*H*0'». 
I  raallj  identical  in  composition  and  properties  with  duldte,  a  resolt  eonflnoMl,  so  far 
M»  the  composition  is  concerned,  by  the  experinK-nts  of  Erlenni«>j'er  and  Wanklyn,  It 
is  eonrenient,  howeTer,  to  retain  the  name  melampyrite,  to  indicate  the  origin  of  th« 
•ub«tanc«. 

Preparation  of  Mtlampt/riie.  —  1.  The  decoction  of  the  dried  herb  of  MeJampyrum 
Hfmorotum,  taken  at  the  flowering:  time,  is  mixed  with  milk  of  lime  till  it  exhitiita  an 
alkaline  reaction,  then  boiled  up,  filtered,  concentrated  to  a  small  bulk,  and  acidulated 
with  hydrochloric  add.  On  cooung  and  fiirther  crystallisation,  melampyrite  crystaUisea 
oat,  and  may  easily  be  obtained  pore  by  rearstallifiation  from  water  (£  i  c  h  1  e  r). — 2.  The 
dried  herb  is  boiled  with  water  containing  hydrochloric  acid ;  the  decoction  is  strained, 
mixed  with  milk  of  lime  till  it  exhibita  a  alight  alkaline  reaction,  then  conccDtrated, 
whereupon  it  deposits  succinate  of  calcium ;  and  the  calcium-compound  of  melampyrite, 
which  passes  into  the  filtrate,  is  decomposed  with  hydrochloric  acid  ;  it  then  deposits 
crystals,  which  may  be  purified  by  recrystallisation  (Eicbler). — 3.  Hiinefeld  evapo- 
rates  the  decoction  to  a  Byrop,  an cl  leaves  the  melampyrite  to  crystallise  out;  removes 
from  the  mother-liquors  tie  BrabHtances  precipitable  by  neutral  and  hasie  acetate  of 
lead,  and  the  excess  of  lead  by  ■nlphydric  acid ;  and  a^ain  evaporates.  Eichier,  instead 
of  pooeeding  in  this  manner,  predjitatee  the  decoction  with  neutral  acetate  of  lead, 
bolia  the  filtrate  with  lead-oxide,  lemoTei  diaoolTed  lead  by  siilphydric  add,  and  evapo- 
ratee. 

Proptr/tVj.— Duldte  (from  Madagascar)  cmtallises  in  colourless  highly  luAtroun 
prisms  of  the  moaoclinic  system,  havinff  their  obtuse  edges  lymmetricaUy  truncated,  to- 
gether with  the  octahedral  and  basal  enS'&eea.  aaP .  odPoo  .  -f  P  .  —  P  .  oP.  Inclination 
of  oftP:  a>P  -  112*»;  +P  :  -P  =  llfio  26';  oeP  :  +P  =.  134*  42'  (Laurent). 
Ifelompyrite  (fi:t>m  Melampyrum  ncmoroaum)  cryatalli»es  from  moderutt-ly  wonu 
aqneoos  solution  in  tmnsparent  colourless,  shining,  monoclinic  prisms,  with  octahedral 
summits,  the  faces  of  which  are  truncated  by  an  ortbodiagonal  dome.  ooP.  •*■  F .  —  P . 
-rPoB  .  -Poo.  Inclination  of  otP  :  c»P  -  112°;  -«-P  :  -P  =  116°  4fi'; 
ooP:  +P  -.  134-5°  (Gilmer).  Tlie  crj-Mals  from  both  sources  are  usually  ag^* 
gated  in  crusts.  Both  are  inodorous,  have  a  slightly  sweet  taste  and  neutral  reaction, 
and  ore  destitute  of  optic^  rotatory  power. 

Dnldte  dissolves  in  31  pts.  water  at  16° C.  (Gilmer);  melampyrite  in  26-6  pta.  of 
water  atl6°C.,  easily  in  boiling  water  (Eicbler);  in  29-41  nts.  water  at  16"  C. 
(Gilmer);  in  3441  pts.  at  lfi-6<'C.  (Erienmeyer  and  Wanklyn).  Both  are  but 
alij^tly  solnble  in  alcohol,  even  at  the  boiling  heat,  in  which  ri'spect  they  differ 
easentially  from  maonitc.  Melampyrite  is  sUghtly  soluble  in  ac<ttme^  wnd-9pirit, 
wkivrqformy  and  acetic  ethtr, 

Dulcite  melts  at  about  1&0°  C.  (Laurent),  at  182"  (Jacquclain);  melampyrite 
at  186°  (Eichier),  at  160°  (Oilmer). 

The  identity  in  composition  between  dulcite  and  melampyrite  is  shown  by  the  fol- 
lowing analyses :  — 
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Eiehler  found  in  melampyrite  37*79  per  cent  carbon  and  7'S3  hydrogen,  whence  he 
dodneed  the  formula  0*}P*&*  [or  CH'^O*  +  ^H*0}.  The  substance  analysed  wss 
perhaps  not  thoroughly  dried. 

DKompotitioni. — 1.  Ihildte  heated  to  200°  C.  ^ves  off  water,  and  is  converted  into 
dnldton  (p.  348) ,  st  276°  C.  it  decomposes  and  gtres  off  carbonic  oxide  without  mnrh 
colooring,  and  at  higher  temperatures  give*  off  li^e  quantities  of  eas,  smelling  of  acetic 
odd  and  acetone,  and diatila  without  residue  (Xisarent,  Jacqaelain).  Melampyrite 
begins  to  decompose  at  180°  C,  (Eichier),  at  276°  (Gilmer). -2.  Dnldte  in  solution 
is  alowly  decomposed  by  ehloritu,  yielding  an  add,  the  barium-salt  of  which  is  soluble^ 
but  not  oystallisable.  —  3.  Dnldte  boiled  with  nitrie  acid  is  converted  into  raudc, 
<xxslic,  and  racemic  adds  (Laurent;  Carlet,  Cbropt  reud,  li,  137;  Hii.  843),  Me- 
lampyrite treated  in  like  manner  yields  mudc  and  oxalic  acids  (Eichier,  Gilmer); 
the  formation  of  racemic  acid  was  not  observed,  probably  becanae  the  quantity  operated 
upon  was  in«nflReient  (Gilmer). — 4.  Fumintf  nitric  a«rf convert*  dnlcite  into  hex- 
nitrodutcite  (see  below).  Melampyrite  treated  with  a  mixture  of  aifrii'  nml  *«/- 
pknrie  acids  also  yields  a  nitio^compoond.-^.  Dulcite  and  melampyrite  both  diMolre 
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in  Btrotie  tvlphurie  acid,  and  on  beatiaf  the  solutii^n  an  acid  \»  formed,  vhieli  jield»» 
BoluMe  Dim  u  III -salt  (Laurent,  Eichler),  —  6.  MplAuipyrite  heated  with  kydrioHii 
acid  in  an  «tmoi»phere  of  carbonic  acid  jidda  iodide  of  hexyl,  togfther  with  wattf 
and  free  iodine  (Erlenmeycr  and  Wanklyn); 

C*H'*0«  +  llHI  -  C«H"I  +  6H«0  +  !••- 

7.  Dulcite  u  not  deoorapoMd  by  dilnto  potash  \  but  when  heated  with  strong  potash* 
ley,  it  ia  convftrted  into  a  thick,  s^py,  colourlpaa  maaa,  the  solution  of  which  is  not 
precipitated  by  alcohol — 8.  Ddeite  heat«d  with  Imtytic,  bnuvic,  or  Ue^tric  add  to 
200° C,  is  eonvertffd,  with  filimi nation  of  wat<»r,  into  componndfl  called  duJcitanidea 
(pu  348),  asalogOQB  to  the  mannftanidns,  which  are  decomposed  by  water  into  duldfan 
and  the  acid,  and  by  alcohol  into  dolcttan  and  the  corresponding  ether.    (Berthelot) 

Melainpyrita  is  not  decomposed  by  boiling  with  dilute  acids  or  alkalia,  or  by  potaario> 
cupric  tartrate.  It  ia  not  alt<?red  by  boiling  with  dilute  eulpburic  acid  aad  add 
diromatc  of  potaasium,  and  when  mixed  with  potaah  does  not  redace  mertrorie  oside. 
(Eichler.) 

&.  Neither  dddte  nor  melampyrite  fermpnts  with  ^«i*<  (Jacqnelain,  Eichler, 
Gilmer).  Dulcite  left  for  aome  weeks  at  \<i°  C.  in  contact  with  chalk  and  cluett, 
i»  rciolved,  like  mannitc,  into  alcohol,  Uictic  add,  and  butyric  add ;  in  contact 
with  ^«/iW(ir  2m5U(<,  it  forms  a  peculiar  BUgar>  (Berthelot^  Ann.  Ch.  Phya.  [3]  L  348, 
b72.) 

Duleitattt.  -Them  compounds  arc  formed  by  the  substitution  of  metals  for  a 
portion  of  the  hydrogen  in  dulcite  or  melampyriteL  Those  containing  the  alkali-  and 
alkuline-earth-inetaia  are  soluble  in  water,  the  lead-  and  copper-compounda  are 
insoluble.  The  aqaeooa  solution  of  dulcite  ur  melampyrite  does  not  procipitute  metallic 
salbi. 

Ammonium-$alt.  —  Melampyrite  crystallises  unaltered  from  aqueous  ammonia  or 
after  being  heated  with  it  to  120°  C. ;  but  when  nitromelumpyrite  (see  above)  is  de- 
compoaed  by  aalphida  of  ammonium,  or  when  the  barium-  or  calcium-compound  of 
melampyrite  is  doiximposed  by  curbouato  of  ammonia,  the  concentrated  filtrate  yields 
tmoefmrent,  colourless,  rectangular  prisms,  which  have  an  alkaline  rea<:tion.  do  not 
give  off  ammonia  at  100'°  C,  but  become  carbonised  at  higher  temperatures,  with 
loss  of  ammonia,  and  without  preriona  fusion,  and  are  decomposed  by  acids  iato 
melainpyrite  and  an  ammonia-salt.  These  crj'stals  are  easily  soluble  is  water, 
(Eichler.) 

Barium-componvd.  CH^Ba'O'  +  8H'Oor  C*H"0'.Bn'0  +  7U*0.— Wliendoldta 
or  mdarapyritc  is  heated  with  water  and  baryta-crystals,  a  clear  solution  ia  formed, 
which  on  cooling  deposits  prismatic  crystals.  Easily  soluble  in  warm  water,  leas 
aoluble  in  alcohol,  which,  however,  doe*  not  precipitite  the  aqueous  solution.  The 
crystals  pve  off  27'4  per  cent  water  at  170°  C.,  and  contain  29-7  per  cent,  bariuin, 
agrt^eing  with  the  formnla  C'H'*0*JBa*0  +  7  aq.,  which  requires  27*33  water  and 
2 9 '71  bjiriura  (Laurent).  According  to  Eichler,  they  giTe  off  2673  per  cent  water 
at  120°  C,  and  contflin  28*6  ppr  cent  barium,  whence  he  deduces  the  formida 
(P^B*W".2SaO  +  UHO  (calc  26-7S  water  and  2^18  barium).  It  was  donbUMs 
the  same  as  Laurent's  compound,  the  two  formulse  dificring  indeed  only  br  HO  or 

Cateium-cnmpotind. — Aqueous  mflampyritc  dissolves  lime. 

Oopper<ompound. — Jlelampjrite  boiJed  with  cupric  tulphate  and  potaah  yields  a 
clear  blue  aoIuHon.  From  aqueous  melampyrite  an  ammoniacnl  solution  of  cupric 
solpbate  throwa  down  a  light  blue  predpitate,  which,  after  washing  with  weak 
BqneoDsi  ammonia,  turns  green  at  100°  C,  and  eontaina  66-25  per  cent,  coprie  ozid^ 
agreeing  therefore  with  the  formula  C*''fP*0**.CuO,  which  requiroa  65*49  per  eeat 
C?uO  (Eichler),  probably  (>U"CuO«  +  H^. 

LeodsaJt  -  Aqueous  eolations  of  dulcite  and  melampyrite  are  not  precipitated 
by  acetate  of  lead  either  neutral  or  basic.  From  an  ammoaiacal  solutiou  of  the 
neutral  acetate,  aquertus  melampyrite  throwa  down  a  white  precipitate  whkh, 
after  drying  at  100°  C.  in  a  stream  of  hydrogen,  contains  77'68  per  cent-  P60, 
answering  to  the  formula  C*^'*0".6PiO  (calc.  77-84  Pf>0]  (Eichler):  nrobablr 
C«H'«Pb^.2Pb=0  +  aq.  *^ 

Pfiassium-sait, —Warm,  alcoholic  potash  dissolves  melampyrite,  and  the  aolvtion 
when  left  to  itaelf  deposits  needles  which  have  a  caustic  alkaline  taste,  are  easily 
soluble  in  water,  absorb  water  and  carbonic  acid  from  the  air,  and  are  converted  into 
a  mixture  of  malampyrite  and  carbonate  of  potassium.     (Eichler.) 

Sodiwn-^mlt — Small  flat  needles  resembling  the  potassium-salt,  bat  lam  soloble  ia 
alcohol    (Eichler.) 
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HiMTTsoDCLCiTB,  C«H'N«0«  -  C^NO»)^«.— A  Bolntion  of  dnldte  in  5  pf«. 
fuming  nitric  acid  in  mixed  with  10  pta.  oil  of  Titriol,  and  tfae  mixtiure,  which  become* 
turbid,  vt  izninfdiiitcl^  thrown  into  «  large  qnantity  of  water.  The  sfmifluid  pnH'i- 
pitAte  toUdifies  alowljr  to  a  buttery  maits,  which,  after  waahing  with  water,  may  bo 
ayKUUiaed  from  alooboL  It  forms  Ireaulifid,  coloarleM,  flexible  owdlea,  whioh  melt 
between  68^  and  72°  C^  gire  off  aitric  ticid  va(>oura  coutinuoiwly,  and  are  in  the  end 
wholly  converted  into  tetraoitrodulcite.  Wbpn  heated  to  90°  C.  it  is  coQTert<>d,  with 
ra^^dar  emiaaion  of  red  TapourE,  into  a  parity  maM,  and  then  into  a  bard,  finable*  whit« 
acid  product.     (B^cbantp,  Compt.  rend.  U.  257.) 

TwrnAjnTBoDtTLcin!,  C«H'»N'0"  -  OH'\N0»)«0«.— Hexnitnxiuldte  is  com- 
pletely conTwtcd  into  this  compound,  without  alteration  of  cryBtalline  form,  by  the 
spontiineoua  decomposition  which  it  und<>rgrx!s,  with  erolution  of  uitroas  vaponzi, 
when  k^pt  for  a  month  between  30°  and  46°  C. 

Tetranitrodolcite  forms  needles  hanlcr  and  less  flexible  than  thoee  of  bexnitro* 
dulcite,  and  ayataUises  from  alcohol  in  beautiful  translneeiit  pnsms,  melts  to  a  pasty 
niMM  at  130°  C,  completely  at  140°,  and  girea  offred  ftimcs  at  145°.— It  is  rodnced  by 
frrroua  salt*  and  forma  a  non-crystallisable  aymp,  probably  dulcitan.  (B 4 champ, 
Uk.  nt.) 

IHdelstilpliaiio  Aold.  Mflampyro-tulphurie  add, — Melampyrite  disaulres  in 
fltrong  Bulpharic  acid  ;  and  the  solution  diluted  with  water,  saturatt.'d  with  carbonate 
of  lead,  filtered  from  sulphate  of  lead,  and  decomposed  by  Kiilphydric  acid,  then 
filtered  ieota  the  sulphide  of  lead  and  eTspomted,  yields  mehimpyro-sulphoric  acid  in 
the  form  of  a  syrnp  which  has  a  faint  yellow  colour,  a  sonr  and  bitter  taste,  and 
carbonises  when  heated,  with  erolution  of  snlpburous  anhydride. 

AsrHtm-MttL  Ohtained  by  nentraUsing  the  add  with  carbonate  of  barium  and 
erapontdng  the  filtrate  at  a  xery  gentle  heat.  In  the  moist  state  it  is  a  mass  having 
the  consistence  of  turpentine ;  after  drying  in  vacuo,  it  forms  a  transparent  gum,  which 
dissolves  in  water,  is  precipitated  by  aleohol,  and  decomposes  at  11)0°  G.  According 
to  Eichler's  analysis,  it  contains  36-45  per  cent,  bsiyta,  and  37*79  sulphuric  anhydride, 
whence  be  deduces  the  formula  C'W*Ba*0»6S0'  (calc.  36'26  BaO  and  37-86  50») ; 
probably  C^"Ba»0«.3S0*. 

The  caJcium-aa!t  resembles  the  barium-salt,  but  is  not  precipitated  by  alcohol  from 
its  aqneons  solution.  The  solution  does  not  precipitate  acetate  of  lead,  niErcurous 
nitrate,  or  nitrat<e  of  silver,     (E  i  c  h  1  e  r. ) 

Sitaibur  results  are  obtained  with  dulcite  (p.  349). 

DVXCOBS.    8yn.  with  Duuarii. 

UTTM-AMTXi  Pyroacfiie  oU.  C^H^'O. — A  volatile  oil,  isomeric  with  oxide  of 
mc«it  vL  obtained,  together  with  acetone,  by  the  destructive  distillation  of  acotaf cs.  It 
was  discovered  by  Kane  (Pog]C^.  Ann.  xHv.  494),  who  assigned  to  it  the  formula 
C'*W"0.  farther  eismined  by  Heintz  {ibid.  Ixviii.  277),  who  regarded  it  m  identical 
with  oxide  of  mesityl.  and  afterwards  by  Fittig  (Ann.  Ck  Pharm.  ex.  21),  who 
confirmed  Heintz's  formula,  but  showed  that  dnmaatn  is  not  identical,  but  only 
isomeric,  with  oxide  of  mesityl. 

Dnmaein  cannot  be  completely  separated  from  the  acetone  which  accompanies  it  by 
fhictional  distillation.  Heintx  obtains  it  by  distilling  2  pts.  acetate  of  lead  with 
1  pL  Ume;  agitates  the  distillate  repeatedly  with  water,  to  remove  acetone ;  dries  it 
over  chloride  of  calcium ;  then  decants,  and  boils  it  for  some  minutes:  in  contact  with 
the  air ;  distils  till  the  tioiling-point.  which  is  130°  C.  at  first,  rises  to  200°,  a  blaclusb 
tJir  then  remaining ;  and  again  distils,  sepurating  tho  more  volatile  portion,  which  is 
pore  domasin. 

Duraasin  is  an  oil  boiling  between  120°  and  125°  C,  lighter  tJiun  water  and  insoluble 
therein,  but  dissolving  in  alcohol  in  all  proportions.  It  forms  crystalline  compounds 
with  the  acid  anlpbitea  of  the  alkali-metals,  whereby  it  is  di>?tingni8hed  from  oxide  of 
meeityl.     The  sodium-salt  contains,  according  to  Fittig,  C*H*NaSO*  +  3  aq. 

Strong  nitric  acid  converts  dumasin  into  oxalic  acid ;  the  dilute  acid  scarcely  acts 
upon  it,  Domasin  distilled  with  hydrorhloric  acid  and  peroxide  of  manganese  yields 
a  colourlees  chlorinated  oil,  C'HMTl'K]!.  heavier  than  wuter,  boiling  between  l6ir  and 
165°  C,  not  capable  of  uniting  with  acid  sulphites  of  alkali-metals. 

nVDCASXTBi  Delesse's  name  for  a  mineral  found  in  the  Vosges,  in  green  scales 
jv««inbliDg  chlorite.     (Dufr^noy,  Traiti  d€  j\finiralo^e,  ui.  790.) 

HVMlUUXf^ZA.  The  root  callpil  Rair  drl  Pipitcahmr,  used  in  Mexico  as  a 
purgative,  is  obtained  acoording  to  Ramon  de  la  Sagru   (Compt.  rend.  xlii.  878» 
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1072)  from  DumtrilJia  Humboldtii,  Leas.     It  c^mtdins  a  p^culiii'  acid  called  hj  him 
rifllozic,  by  WeldttAnn,  Ch.  Phann.  xcv.  188)  pipitzahoie  acid. 

WWWSMOt*  The  art  of  dyoing;  coaaiats  in  Axing  upon  cloth  of  vurioas  IciodB 
any  coioura  that  may  b«  required,  ia  auch  a  maiinor  that  they  ahall  not  be  easily 
altered  by  those  agents  to  which  the  cloth  will  most  probably  be  exposed. 

The  most  remarkable  general  fact  in  the  art  of  dyeing  ronsista  in  the  different 
degrees  of  facility  with  which  animal  and  A'e^irotablfi  sulMtances  atteact  and  retain 
colouring  mutter,  or  rather  the  degreo  of  facility  with  which  the  dyer  finds  he  can 
tinge  them  with  any  intended  colour.  The  chief  materiola  of  stuff  to  be  dyed  are, 
wool,  ailk,  cotton,  and  linen,  of  which  the  former  two  are  more  euily  dyed  than  tbe 
latter.  Tbia  has  been  luiually  attributed  to  their  greater  attraction  to  the  tingeiog 
matter. 

Wool  ia  natorally  so  much  disposed  to  combine  with  colouring  matter,  that  it  \ 
but  little  preparatioD  for  the  immediate  processes  of  dyeing,  nothing  more 
required  than  to  cleanse  it,  by  scouring,  &om  a  fetty  substance,  called  the  jcXk^  ^ 
is  contained  in  the  fleece.  For  this  porpose  an  alkaline  Uqnor  is  neeeaaary ;  1 
alkalis  iiyure  the  texture  of  the  wool,  a  very  weak  solution  may  be  used;  if  mors 
alkali  were  present  than  is  sufficient  to  convert  the  yolk  into  soap,  it  would  attack  tJie 
wool  itael£  Putrid  urine  ia  therefore  generally  used,  as  being  cheap,  and  containing 
a  TolatHe  alkali,  which,  uniting  with  the  grease,  renders  it  soluble  in  water. 

Bilk,  when  tdcen  from  the  cocoon,  is  covered  with  &  kind  of  Tarnish,  which,  becauss 
it  does  not  easily  yield  either  to  water  or  alcohol,  is  usnaUy  said  to  be  soluble  in 
neither.  It  is  tbereforo  usual  to  boil  the  silk  with  an  alkali,  to  disengage  this  matter. 
Much  care  is  necessary  in  this  operation,  beicause  the  silk  itself  is  easily  corroded  or 
discoloured.  Fine  soap  is  commonly  used,  but  even  this  is  said  to  be  detrimental ; 
and  the  white  China  silk,  which  is  supposed  to  be  prepared  without  soap,  has  a  lustre 
snperior  to  that  of  Europe,  Silk  loses  about  one-fourth  of  its  weight  by  being 
deprived  of  its  Tarnish.     (See  Blkachiso.) 

The  intention  of  the  previous  preparaTious  seems  to  be  of  two  kinds.  The  first,  to 
render  the  stuff  or  material  to  be  dyed  as  dear,  as  possible,  in  order  that  the  aqueoos 
fluid  to  be  ftflerword  applied  may  be  imbibed,  and  its  contents  adhere  to  the  minute 
internal  surfaces.  The  second  is,  that  the  stuff  may  be  rendered  whiter  and  mori» 
capable  of  refleoting  the  lights  and,  consequently,  enabling  the  colouring  mutter  u 
exhibit  more  brilliant  tints. 

Substances  which  serre  to  fix  coloaring  matters  on  Tegetable  or  animal  &bricB  are 
called  mordants.  An  essential  quality  of  a  mordant  is,  that  it  be  soluble  in  water; 
the  mordants  most  frequently  itsed  are  tlie  solutions  of  certain  niet-allic  salts. 

A  mordant  acts  either  by  forming  an  insoluble  oompoond  with  the  coloxuing  matter, 
which  compound  ia  precipitated  on  or  within  the  fibre,  or  by  modi^ring  the  razfaoe  of 
the  fibre  in  such  a  manner  as  to  enable  it  to  retain  the  colour. 

The  decoctions  of  many  dye-stufik,  as  well  as  the  solutions  of  the  pure  ooknmng 
mutters  prepared  from  them,  form  with  certain  saline  solutions  coloured  predpitatM 
called  lakes,  consifting  of  the  colouring  matter  combined  with  the  base  of  the  salt, 
Hany  of  these  lakes  are  preparod  on  the  large  scale  and  used  as  pigments.  The  salts 
chiefiy  used  for  their  preparation  arc  the  salts  of  aluminium  and  the  stannic  toltt; 
the  oiide«  precipitated  from  these  salts  being  colourless,  ths  laki*  which  they  produce 
take  eiactly  the  tints  of  the  colouring  matters  used.  Ferric  salts  are  also  used 
for  the  preparation  of  lakes,  but  the  precipitates  which  they  form  differ  considerably 
in  colour  £num  the  colouring  motUav  used,  being  for  the  most  port  of  duller  hue. 

In  the  aluminie^  stannic,  and  ferric  salts,  the  base  and  acid  are  held  together  by  a 
comparatiTfily  feeble  affinity,  ao  that  the  precipitation  of  the  base  by  a  colouhnf; 
matter  is  generally  effected  without  much  difficulty.  This  however  depends  upon  a 
variety  of  circumstances,  among  which  the  nature  of  the  acid  is  of  considerable 
importance ;  acetate  of  aluminium  or  ferric  acetate,  for  example,  is  much  more  easily 
decomposed  by  colouring  matters  than  the  corresponding  sulphate.  Hence  a  mixtors 
of  alum  with  acetate  of  lead  is  often  used  as  a  mordant  Precipitation  is  often  greatly 
accelerated  by  heat;  many  mixtures  of  metallic  solutions  with  colouring  mattexs, 
which  remain  clear  in  the  cold,  yield  precipitate*  on  boiling.  In  many  eases,  how- 
ever, the  addition  of  a  precipitant  is  necessary  to  produce  the  required  decomposittoa; 
thus  a  solution  of  alum  mixed  with  certain  colouring  matters  remains  clear,  but  on 
adding  an  alkali,  a  precipitate  is  formed  consisting  of  an  alumina  lake.  By  this 
men  OH,  lakes  may  be  formed  from  metaUic  solutions,  which  would  not  yield  them  with 
colouring  matters  alone,  such  as  salts  of  magnesia,  zinc,  lead,  and  mercuiy- 

The  formation  of  insoluble  lakes  is  the  principal  function  of  the  mortCuita  tised  ia 
dyeing  and  calico-printing  :  nevertheless  the  number  of  metallic  salts  that  can  be  ased 
as  merdants  is  much  smaller  than  that  of  the  salts  which  are  capable  of  forming  lakca. 
because  the  applicability  of  any  salt  as  a  mordant  depends  also  on  the  effect  wM^  the 


DYEmG. 


353 


I 


Mlioa  aoltiHon  pmdaoM  on  tho  fibre  to  b«  dyed,  and  on  the  twliaTioor  of  the  fibre 
MtantMl  with  the  mordunt  in  the  enbaeooenl  iitsgee  of  the  prooeaa. 

Metallic  raUe  are  sontftimoo  Bepanted  from  their  Bolutions  by  animsl  or  Tef;ptAblp 
llbrea  immereed  in  them  and  oeposibed  thcroon  without  dccom position.  Wool  or 
•ilk  immeraed  in  h  Bolution  of  alum  takt's  tip  a  conaiderttbte  quantity  of  the  salt 
without  deeompoeing  it,  bo  that  the  alum  may  be  uflem'arde  diseolrod  out  by 
boiling  VSter,  thoogh  only  oA^r  being  treated  therewith  ten  times  or  more  in  stic- 
eeMJon.  laneo  and  eott'jn  likewise  tcikc  up  alum  from  its  Holation,  but  only  iu  very 
■mall  quantity. 

The  direct  aeparatioii  of  a  uh  from  its  eolottonfi  by  organic  fibre,  is  however  of 
xnnch  leas  importanro  in  dreiag  than  the  decorapofition  of  the  salt  into  an  acid  and 
a  basic  salt,  and  the  prvcipiUtion  nf  the  latter  on  and  within  the  fibre  while  the  former 
jvinains  in  solution.  Stannic  chioride  is  resolved,  by  boiling  its  ai]ueous  solution,  and 
under  other  eirrunutuncva,  according  to  the  mode  of  lU  preparation,  iuto  faydroehlorie 
acid  and  a  precipitate  of  etanoic  hydrate.  Eauily  soluble  ferrous  salts  are  cooverted,  by 
absorption  of  oxygon,  into  inaohible  basic  ferric  salta,  which  also  attach  themselves  to  the 
AV>re.  Aluminium-salts  containing  weak  adds,  such  as  the  acetate,  are  easily  converted 
into  sparingly  ftuluMe  baaie  salts,  either  by  the  evaporation  of  a  portion  of  their  acid 
on  expo«ura  to  the  air  (as  with  the  acetate),  or  by  precipitation  with  the  aid  of  heat. 
It  is  Uiis  dinpoeitioQ  to  form  basic  salts,  added  to  the  tendency  of  the  bases  to  anits 
with  colouring  matters,  that  renders  tbe  salts  of  aluminium,  tin,  and  iron  so  peculiarly 
adapted  for  the  fixing  of  colouring  raiitten.  tUher  eubtftanees  are  howerer  used  «■ 
moixlanta,  via.  map,  acidft,  albumin,  glaten,  tannin,  &c. 

It  is  evident  tlmt  when  a  mordant  is  applied  over  the  whole  sorfsoe  of  a  fabric,  and 
this  is  afterward*  imnjersed  in  a  dy©-b«ttj,  it  will  receive  a  tint  all  orer  its  surfsce ; 
bot  if  the  mordant  is  applied  only  in  partA,  the  colour  will  bo  fixed  on  those  parta 
only.  The  former  prot^i^ss constitutes  the  art  of  dyeing,  properly  so  called;  the  latter 
the  art  of  printing  colours  on  stufis,  usually  called  calico-printing.  To  produce  thia 
topical  flxstioQ  of  the  colour,  either  tlie  mordant  is  first  applied  to  the  entiro 
•itrfiMC,  and  then  removed  in  parts  bpr  the  appliciition  of  a  suitable  solvent ;  or,  mora 
frequently,  the  mordant  Is  mixed  with  a  thickening  mat^'riul,  such  as  gum,  starch, 
paate,  albumin,  &c,  and  printed  on  the  parts  which  are  to  take  the  colour ;  or  thirdly, 
the  mordant,  thickening  materials,  and  colouring  matter,  are  mixed  and  printed 
toffother  on  the  doth. 

The  BH>rdanted  cloth  has  to  be  raboutUd  to  certain  preliminary  operations  before  it 
iatvndyfor  dyeing, — first  to  fix  the  mordant  on  the  fibre,  and  secondly  to  remove 
supeHIuoua  mordant  For  fixing  the  mordant  the  chief  agent  employed  is  heat,  which,  a* 
already  observed,  fccilitatee  the  separation  of  the  base  of  the  mordant  from  the  acid. 
Cotton  ^oods  are  subjected  to  a  treatment  caJJwl  **  ageing,"  which  formerly  consisted 
in  hanging  them  up  ^r  several  days  in  a  warm  room,  whereby  tho  acetic  aetd  of  the 
mordant  was  Tolatilised.  and  in  the  cabo  of  iron  morrlanta,  the  iron  was  broxi<!;ht  to  the 
state  of  SMqaioxide.  The  change  is  now  however  much  more  quickly  effected  by  the 
joint  action  of  heat  and  moisture,  the  pieces  of  calico  being  passed  over  and  nnder  a 
■eriai  of  roQen,  in  a  narrow  room  into  which  a  small  quantity  of  steam  is  stifTered  to 
ianu,  the  tempenture  being  kept  at  80°  to  lOflO,  or  rather  more,  of  Fahrenheit,  by 
means  of  steam  pipes.  Tbe  aqueous  vapour  perhaps  acts  by  fiuutitating  the  volatilisa- 
tion of  the  acid 

The  removal  of  the  nnflxed  or  superfluous  monlane  (and  thickening  matter  in  the 
caae  of  printed  goods),  is  a  v^ry  important  ojMTtttioa,  as  the  excess,  if  suffored  to 
remain,  would  eonsump  to  no  purpose  a  certnin  portion  of  the  dye-stuff,  and  moreover, 
in  printed  goods,  it  would,  on  immersion  in  the  dye-bath,  spread  itself  over  the  ground 
or  unprinted  portion  of  the  surfnw,  and  cause  it  to  take  up  the  colour  when  it  ought 
to  be  left  white.  The  cleansing  is  effected  aometimes  by  simple  washing  in  water, 
either  hot  or  cold ;  this  is  especially  the  case  with  fabrics  which  are  to  receive  a 
uniform  colour,  and  do  not  require  the  mordant  to  be  dried  before  dyeing.  For 
printed  stuffs  this  simple  washing  will  not  Kufficn? ;  for  the  snperfluotts  mordant,  as  it 
dia>wlved  in  the  water,  would  be  likely  to  impregnnte  the  ground  and  render  the 
pattern  indistinct  Hence  it  is  necessary  to  w;i«}i  the  piece  wilTi  a  solution  which  will 
at  once  decompose  the  superlfluous  mordant.  Thia  is  effected  by  various  meHns,  viz. 
by  the  chalk-bath,  brsn-bftth,  eowdunp-lMth,  Ac.  Chalk  acts  simply  by  prwipitating 
the  alumina  or  other  oxide  in  the  morvlnnt.  The  action  of  cowdnng,  which  is  especially 
naod  for  madder  goods,  has  been  ascribed  to  a  peculiar  acid,  also  to  pfaoephatea, 
Kilicateo;,  and  other  salts.  That  the  latter  is  the  more  correct  view  is  proved  by  the 
ftwrt  that  the  dung-bath  is  now  almost  wholly  snperseded  by  the  solutions  of  certain 
eftlt^  vis.  the  double  phosphate  of  soda  and  lime,  srwnite  and  ar«er«aite  of  soda,  and 
ailioate  of  soda,— all  of  which  act  by  precipitjiting  the  bane  of  the  mordant  in  the  fona 
of  an  iofioluble  salt  which  will  not  unite  with  the  colouring  niattor  or  with  the  fibre. 
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The  manner  in  which  polouring  m&tt*'rs  are  fixod  on  mvAote  flbrvs  ly  menna  of 
mnrdunta  is  welliilutitnitedbj  tiiefolloMrinfr  observationsof  Walter  Cram  (ChenuSoe 
J„  ToL  iri.  Jjin.  1860)  on  the  dvoinp  of  cotlou. 

When  ripe  cotton  libn\  which  consists  of  an  aggref^ate  of  fine  cylindrical  tabes,  u 
immt'raed  in  a  solution  of  fprric  acetate,  a  portion  of  the  solution  cnt<»ni  the  tabet,  and 
on  Bulwoquent  eiposuro  to  a  varm  moist  atmoisphere,  the  acetic  acid  evaponitc*  aod 
oxide  of  iron  19  deposited  within  the  fibre ;  whon  the  cotton  thna  ma<rdant«d  u  im- 
mersed ID  a  madder  bath,  a  portion  of  thf  wilution  cntera  the  fibre,  and  tbe  oolonriog 
irmttpr  unites  with  the  oiidi?  of  in>n.  A  Bimikr  action  takea  place  when  aoet«t«  rf 
alumina  ia  used  as  the  mordanL  When  the  cotton  is  first  iiameraed  is  subocetatfl  of 
lead  and  then  expoBod  to  moist  warm  air,  a  deposition  of  oxide  of  lead  takes  pUce 
within  the  fibre,  and  on  Buhsequently  dipping  it  in  a  solution  of  chromate  of  potaasiam 
a  yellow  deposit  of  chromate  of  lead  is  obtainetd.  lo  like  manner,  by  first  steeping 
tlu-  cotton  in  a  solution  of  tannin,  then,  uft«r  exposure  to  the  air,  in  a  ferric  salt,  a 
black  precipitate  of  ferric  tannHt«  is  formed  within  the  fibre.  A  piece  of  dyed  cottoa 
may,  in  fact,  be  described  as  a  set  of  colourless  bitgs  containing  coloured  sabatancaa, 
and  in  so  far  re»eml)ling  the  nutuml  colours  of  flowers. 

Cotton  fibre  in  the  unripe  state,  in  which  it  has  the  appearance  of  flattened  bladss, 
l>ut  really  consists  of  flattened  tubua  with  extremely  narrow  bore,  is  impervious  to 
liquids,  and  thepefore  will  not  take  a  dye.  Such  oottoa  is  called  dead  cottoa 
White  flbnw  consisting  of  it  may  frequently  be  obaerred  in  the  middle  of  the  coloured 
portions  of  priuted  cahcoes. 

Various  methods  are  resorted  to  for  forming  predpitatea  within  the  fibre.  Some- 
times  the  fibre  is  first  made  to  absorb  tannin,  then  treated  with  an  acid  solution  of 
tin ;  in  this  manner  a  precipitate  of  tannate  of  tin  is  fortnad  within  the  fibre,  which 
forms  a  pood  monluut  for  Lima  or  Enizil  wood.  When  cotton  is  soaked  in  a  ooJd 
weak  solution  of  oxycliloridf  of  tin,  or  better  in  a  mixture  of  stannous  and  staaaic 
chloridM,  and  then  imm«>r»cd  in  basic  ferric  dilorido  or  nitrate,  a  large  ouaatity  of 
iron  is  deposited  within  the  filires,  probably  as  ferric  stannate.  This  moraant,  wlieo 
dyed  in  ferropruasio  acid,  forms  a  pttissian  blue  of  the  greatest  riehneas  and  bril* 
liancy. 

Some  colours  fix  themHelTca  within  the  fibre  without  the  aid  of  mordants.  Blue 
indigo,  which  is  inwlulilo  in  wntcr,  ia  convertfd  intt)  soluble  white  indipo  by  the  action 
erf  reducing  apeots,  such  ns  ferrous  sulphate,  orpimeut,  &c.  The  soluti<jn  thus  oh- 
tutoed  is  absor1>ed  by  the  fibre,  and  accumulates  or  becomes  precipitat«d  on  or  withiu 
it  in  the  insoluble  state ;  umd  on  subsequeut  exposure  to  the  air  the  white  indigu  is 
reconverted  into  blue  indigo  by  oxidation. 

Besides  the  precipitation  which  tnkra  place  within  the  fibre,  there  18  likewise  m  con- 
siderable quantity  of  dye  deposited  in  the  interstices  Wtween  the  fibres.  Thi»  por- 
tion is  leas  firmly  fixi^  than  the  former,  and  is  removed  by  the  proceas  of  8oa|>ing,  to 
which  some  dyed  and  printed  goods,  the  mft<lder-purples  for  instanco,  are  subje^ed; 
but  in  the  nnmeroas  cfsss  of  colours  which  do  not  nMijuire,  and  indeed  would  not  bear, 
the  sonping  proceea,  this  external  dye  ia  allowed  to  remnin,  and  contributes  greatly 
to  the  richness  of  the  tt'ne ;  snt-h  is  the  case  with  goods  dyed  with  garancin,  the 
indigo-dye,  and  all  colours  fixed  by  stt'am.     (Crum.) 

Stfttni-rohurx. — This  is  a  wtyle  of  calico-printing  in  which  one  or  more  mordants  its 
mixed  with  dye-wood  decoctions  or  other  coloured  Holutions,  and  printwl  on  the  doth, 
and  then  subjected  to  the  heat  of  a  steam-bath,  which  causes  the  mordanr  to  unit* 
with  the  colouring  matter  and  both  with  the  cl<tth,  Supt-rior  colours  ore  produced  by 
mordanling  the  cloth  first  so  as  to  fix  oxido  of  tin  on  the  fibre, 

Pifftnnit'printing,— In  this  style  of  calico-printing,  the  same  pigmentainay  l>e  used 
as  in  oil-painting,  and  arc  mechanicrtlly  filled  to  the  cloth  by  a  upecte©  of  cemeotin^ 
The  first  fixing  ardent  used  wus  &  solution  of  caoutchouc  in  naphtha,  but  this  waa  soon 
abandoned,  chiefly  on  account  of  the  danger  of  fins  which  it  occasioned.  Tile  fixins 
miitrriala  now  used  are  albumin^  either  of  eggs  or  of  blood ;  Itn'iann,  which  is  prefiefM 
fmm  buttenailk  by  sepamtiiig  tlie  solid  part,  purifying  it  from  butter  and  free  arid, 
and  then  drying  it;  ffluUn,  which  ia  the  residue  of  sturch-making  from  wheat-flour  by 
the  simple  washing  procosa,  the  gluten  being  afterwards  dried  at  a  gentle  hr-at ;  sod 
tannin.  The  albumin  coagulat{>s  readily  at  the  Bloam-hoat;  lactarin  and  glutrn 
require  a  small  quantity  of  alkali  to  dissolve  them  :  they  then  coaf;ulate  by  beat  like 
all'iimin. 

Formerly  but  few  colours  were  printed  in  this  manner,  chiefly  nltrainarine  bine 
and  carbon-drab  ;  lately,  howevfr,  Guignet's  chroino-jirc*n  has  been  used  for  pigmrmt- 
printing,  and  likewise  the  aniline  colours,  which  may  be  fixed  with  tannin.  (Sr« 
p.  357) 

The  rarious  colours  which  the  dyer  has  to  produce  are  either  the  piimitivc  coloun, 
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i»d,  cUne,  and  yellow,  or  combinationa  of  them.  Many  of  the  compound  tints  nrny 
bowfTW  be  produced  diivctly  hj  the  use  of  tmrtitrolftr  djts — purple,  for  eiHinple,  by 
archil,  and  br  some  of  the  Aniline  dyes.  Tn«  foUoiriog  is  a  brief  aummaiy  of  the 
prindpal  nuioods  of  prodocing  the  varioos  coloun. 

Red. 

S«d  of  ranoofl  ihacJi?*  ia  produeed  by  madder  and  the  prodnets  obtained  from  it, 
Aanncin,  alixarLn,  flower  of  madder,  &c^  with  a  mordimt  of  iicetat«  of  alamiaa.  (S«e 
Maonaa.) 

TVrfcy-rrti  ii  a  madder  colour.  To  produce  it,  the  tissue  ia  first  lioated  in  a  bath 
of  oil,  water,  and  carbonate  of  soda  (2  parta  of  the  salt  to  100  oil),  whidi  forms  en  the 
■Of&ca  a  modified  oil  capable  of  acting  afl  a  mordant.  It  ini  then  dried,  fVt-ed  from 
txeetm  of  fittty  matttT  by  pcarlaeb  mordaiitod  in  a  bath  of  pall-iiuta  and  alum,  iht-n 
immersed  in  a  hot  bath  containing  chalk.  After  thia  it  i§  dipi^ied  iu  the  niuddor-hulh 
for  3  hoars,  the  bath  being  kept  at  the  boiling  heat  for  the  firat  qviart45r  of  an  honr 
only.  It  i»  next  waabed,  again  treated  with  galla  and  alum,  and  dipped  in  a  aecotid 
bath  of  chalk  and  madder,  after  which  it  ia  rabmitted  to  the  waring  operation 
^amvagt).  For  this  purpose  it  ia  first  boiled  in  a  bath  of  aoap  and  pearlaah  contained 
in  a  cloeed  Tecsel,  then  twice  in  a  bath  of  aoap  and  protodiloride  of  tin.    Lastly  it  ia 

rimed  through  a  bath  of  aoor  bran,  and  then  expoaed  to  the  aii.  (Pel once  and 
timy.) 

Scarlet  is  produced  by  cochineal  with  a  mordant  of  stannic  chloride,  obtained  by 
treating  tin-foil  with  dilute  nitric  acid  and  Hal-amrnouiac, 

SrasU'Trd. — Bnudl-wood  with  an  aluminous morduut.  It  is  applied  chiefly  to  dlka, 
hot  u  rather  Ibgitire,  being  destroyed  by  acids  and  changed  to  amjiranth  by  olkalk. 

Lae-d^  i»  a  sfdendid  scarlet  imported  from  India,  and  prepared  from  stick  lac. 
ICeasro.  Haworth  and  Brooke  of  Manchester  obtaJncd  a  su perior  colour  by  treating 
•tidE  lae  with  weak  ammonia,  and  mixing  this  solution  with  chloride  of  tin,  whereby 
a  fine  red  insoluble  matter  is  precipitated. 

For  the  aniline  reds,  see  page  3o6. 

Blxtb. 

Indiqo. — This  blue  dye-stuff  is  first  conrerfed  into  white  indigo  and  rendered  mv 
luble,  bv  the  action  of  alkali*  and  reducing  agents,  auch  as  protovuTjihate  of  iron,  or^i- 
ment,  glucose,  &c.;  the  cloth  or  fibre  is  then  immersed  in  the  solution,  and  afterwards 
exposed  to  the  air,  the  white  indigo  being  thereby  oxidiaed  and  converted  into  blue 
inaigo,  which  thus  becomes  fixed  upon  the  tissue.  To  produce  white  patterns  on  a 
blue  ground,  the  pieces  ore  printed  before  dyeinp  with  what  is  called  a  "  reaer?e," 
that  la  a  composition  which  prevt'Uts  the  colour  from  fixing  itself  on  the  fibre;  the 
substance  most  frequently  used  for  the  purpose  is  sulphate  of  copper,  which  acta  by 
prematarely  oxidiaiiie  the  indigo. 

Indigo  combined  in  various  proportions  with  sulphuric  acid  forms  Suipkindigotie 
aeid,  Indigo-earmine,  Saxony  biue,  ^c, 

PruMian  Blue,  Tumf/tdft  Bliu,  &c. — The  stuff  or  fibre  is  immersed  first  in  «  solu- 
tion of  an  iron-salt,  then  in  a  bath  of  yellow  or  red  pruxsiate  (pp.  227,  214).  In  oaliro- 
printing,  the  puttem  ia  .•wmetimes  printed  with  a  mixture  of  yellow  prassiate  and  tartaric 
acid,  or  sulphuric  acid  and  alum,  and  exposed  to  the  action  of  a  hot  steam-bath.  By 
this  treatment,  ferropmssic  acid  is  first  set  free,  and  then  dacomposed  by  the  heat, 
yielding  Prussian  blue  (p.  227). 

Logwood-hlut. — Produced  by  decoction  of  logwood  on  stuffs  mordanted  with  alum 
and  cream  of  tartar.  The  colour  is  not  rery  stable.  Sometimes  a  light  sky-blue  tint 
ia  first  given  with  a  weak  bath  of  indigo,  and  the  colour  aftcrwarda  deept'nt'd  by  log- 
wood, and  brightened  by  immersion  in  a  buth  of  protochloride  of  tin,  alum,  and  tartitr. 

Coal-tar  blwt. — 1.  Asidinr.  This  fine  colour,  which  was  first  prepared  by  Mewrs. 
Guinon,  Mamas,  and  Bonnet  of  Lyona,  is  obtained  from  phcnic  or  carbolic  acid  by  a 
process  which  is  kept  secrot.  When  puri>  it  forms  copper-bronze  CTy^lala,  soluble  to 
alcohol,  to  which  it  imparta  a  splendiil  blue  colour,  slightly  tinged  with  red.  To  dye 
silk  or  wool  with  this  colour,  the  alcoholic  solution  ia  added  to  an  acidulated  luke- 
warm bath  of  water,  and  the  sUk  or  wool  is  worked  in  it  till  it  acquires  a  purple  sihade 
of  a  certain  deptlu  It  i»  then  tran8f»;rred  to  another  bath  of  boiling  wutrr  >«troni!ly 
acidulated  wit!i  sulphuric  acid,  whoreby  the  purple  colour  it*  dinflolvinl,  and  a  must 
brilliant  and  permanent  blue  is  left  on  the  matenuL  The  dyed  siJk  or  wool  '\»  then 
washed  repeatetily,  passed  through  a  bath  containing  a  little  tartaric  acid,  and  dried. 

2.  BUu  d*  Pari$  is  produced  from  aniline  by  the  action  of  corrosive  sublimate ; — 
S.  Bltu  dt  Mtiihnuie  from  rotanUine  {Momenta)  by  the  action  of  rwlucing  agents. 

4.  Ckinohne  blue  is  a  finelight  bine'  obtained  by  the  action  of  iodide  of  amyl  on  chino* 
line,  a  base  contained  in  coal-tar  naphtha,  and  also  produced  by  the  destruutiTe  diatilU- 
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tioQ  of  einchoaine  (i.  8S9}.  The  diinolime  blue  obtained  from  th«  cinehonine  base  i» 
a  fufit  colour;  but  aafurtunately  that  obtiiiDed  from  cxMil-tar  einchoaine  i«  rerjr  un> 
Etalple.     (Qrerille  Williams.) 

Ultramaniv.—Thk  splendid  blue  colonr  \a  not  used  u  a  dye,  properly  socalled,  but 
only  a«  a  pigment  in  cabco  printing  (p,  354), 

Ybixow. 

Wrld. — A  bright  yellow  dye  is  produced  by  weM,  the  eolouring  matter  of  Heatda 
lutcola.  Cbtton  to  be  dyed  with  it  is  roordimt'Cd  with  acetate  of  alumina:  silk  and 
wool  with  alum  and  tart-ar. 

Fuitic. — There  are  two  distinct  yellow  dyee  known  by  thia  name,  ria.  Mftutic,  tha 
K>iiijavnf  of  the  French,  which  ifl  obtained  from  dyer's  mulberry  [Morua  tinctoria),  and 
pnunp  ftnitic,  from  the  Venetian  sumach  (Rkua  cotinut).  The  former  yields,  with 
aluminous  mrirdanta,  a  yellow  colour,  which  is  durable,  but  not  Tery  bright ;  it  is  tuied 
chiefly  for  mixed  tinta;  the  latter  yields,  with  alum  or  stannic  chloride  mixed  with 
tartar,  a  beautiful  bright  yellow  dye,  much  used  in  calico-printiug.  It  ia  changed  to 
a  fln*  purple  by  alkalis,  and  the  decoction  forma  an  orange-red  precipitate  with  acetata 
of  copper  or  lead. 

Quercitron. — The  decortion  of  sjuercitron  {Qurrcua  ni^a)  producca  on  cott«n  and 
wool  mordanted  with  stannic  ohlonde  or  alum,  a  yellow  colour,  which  is  apt  to  change 
to  a  rtinty  red  ;  it  is  alao  applied  as  a  Etcam  colour,  thickened  with  gum-ambie  and 
mordanted  with  alum. 

Chromate  of  Lead. — The  stuff  or  fibre  ie  immerBed  first  in  a  bath  of  basic  acetate  of 
lead,  then,  after  washing,  in  a  rather  dilnte  solution  of  chromate  of  potaasium.  The 
yellow  colour  thus  produced  is  heightened  by  immersion  in  dilnte  acetic  »cid,  which 
reiaorea  any  excess  of  basic  acetate  of  lead.  The  neutral  acetate  and  nitrate  of  lead  am 
also  used,  and  produce  at  once  a  fine  yellow  dye.  By  immersing  the  stuff  thus  dyed  in 
lime  water,  a  basic  chromttte  of  lead  is  formed  of  a  fine  orange  colour  (i.  934). 

Picric  Acid. — This  compound,  produced  by  the  action  of  nitric  acid  on  indigo,  phenie 
acid,  aloea,  gum-resina,  &c.,  was  firat  introduced  as  a  yellow  dye  aboat  six  yean  ago 
by  MflMn.  Guinon,  Mamas,  and  Bonney,  silk^dyers  of  Lyons;  it  forms  a  reiy  beaatiM 
ud  permanent  colour, 

Cohura  intcrmedfate  brivntn  Slue  and  Red:  Calif soir,  Pmx,  CHmiRT-CoLorii,  &c. 

Wool  morilanted  with  alum  and  cream  of  tartar  maybe  dyed  erimton  by  immersion 
jn  a  hath  of  cochineal  containing  a  little  tartar.  For  amaranth,  which  inclines  more 
to  blue,  the  wool  is  first  dyed  with  logwood  mordanted  with  alum  and  tartar  or  chloride 
of  tin,  and  then  with  cocLineaL 

The  special  dyes  for  producing  these  colours  are ; 

1.  Sitjflotiffr,  the  red  colouring  matter  of  the  flowers  of  Carthamtu  tinctorita.  It  is 
chieBy  used  for  silk,  and  prodiiceB  very  beautiful  but  rather  fugitire  coloura.  For  the 
mode  of  applying  it,  see  page  808,  toL  L 

2.  Maddrr  mordanted  with  a  mixture  of  acetate  of  alumina  nnd  acetate  of  iron. 

3.  Rotanilinf,  Furksinr,  or  Magmta. — This  splendid  dye,  which  has  nearly  supep- 
seded  all  others  for  the  production  of  rose  or  cherry  colour,  ia  obtained  from,  aniline  \<j 
the  action  of  certain  oxidising  agent,<»,  riz.  stannic  chloride  or  mercurons  nitrate.  It  is 
an  organic  base,  which  forms  several  deflnite  and  beautifully  crvstalUsed  Halts.  Tha 
acetate,  which  ia  the  salt  chiefly  used,  crystallises  in  beautiful  dark  grem  oct«hedron«, 
haring  a  lustre  like  the  wing-cases  of  beetles.  Silk  or  wool  is  dyed  with  it  by  simply 
adding  some  of  the  colour  to  a  slightly  acidulated  bath.  Its  dyeing  power  is  so  graat 
that  1 0  grains  will  dyo  2  {<quare  yards  of  silk.     (See  Rosaxiuxs,  ) 

Rottine  is  another  crimson  or  rose-coloured  dye,  produced,  though  in  small  qnantify, 
in  the  preparation  of  aniline  purple.  It  may  be  prepared  by  the  action  of  peroxide  of 
lend  or  of  manganHtes  on  aniline. 

Vioi.BTS  and  PtTHri.ES. — These  colours  may  he  produced  by  the  saccessire  use  of 
logwood  and  cochineal,  the  cloth  or  fibre  being  first  dred  blue  with  logwood,  then 
passed  sncceaaiTely  through  two  cochineal  baths  mordanted  with  alum  and  tartar. 
The  special  dye-stufls  for  producing  them  are : 

1.  Madder,  parancin,  or  aiisarin,  mordaated  with  dilute  iron-liquor. 

2.  Archil  or  OrcAt/.— This  dye-stufl^  obtained  from  various  lichens  by  maceration  iu 
putrid  urine  or  other  alkaline  liquors,  h.is  long  been  used  for  the  production  of  riolets, 
mauves,  &c.,  of  various  shades,  but  the  coloura  obtained  with  it  were  fugitive.  It  has, 
howpTt-r,  been  shown  by  M.  Mtirniis  of  Lyons  that  a  fine  pnrple  colour,  capable  of 
withstanding  the  action  of  acids  and  of  light^  may  be  obtained  by  treating  the  lichens 
with  milk  of  lime,  filtering  the  Lime-liqaor,  and  precipitating  the  colouring  matter 
fma  it  with  hydrochloric  add,  washing  the  precipitate  on  a  filter,  disaolring  it  ia 
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eanvHc  unmonto,  and  keeping  tbia  ammoniaoal  liquor  at  a  tempemtore  of  163°  to 
160°  F.  for  twenty  to  tventy-fivo  ^yn.  The  colouring  prindplM  at  the  lidiena  then 
flz  ammoda  and  oxygen,  and  are  tranafomted  intx)  a  new  aerica  of  products,  which 
may  be  seponitcd  from  the  coloured  liquid  by  chloride  of  calcium-  A  €ne  purple  lake 
is  then  depodted,  which,  after  being  wuhra  ind  dried,  is  wld  as  FrmeA  purpif. 
Sa]f4i  of  alumina,  tin,  &&,  might  alao  be  used  as  precipitants  instead  of  chloride  of 
calcium.  French  purple  dye*  ailk  and  wool  more  readily  than  common  archil  The 
Uke  is  mixed  with  an  equal  quantity  of  oxalic  acid,  boiled  with  water  and  filtered,  oxa- 
late of  caldom  th«n  remaining  on  tlie  filter,  whil«f  the  colour  passes  into  the  filtrate. 
This  liquid  is  then  added  to  a  alighdy  ammoniacal  dye-bath,  and  the  silk,  wool,  or 
eotton  mordanted  with  albumin,  or  cotton  prepared  for  Turkoy-n-d,  is  Lmmprsod  in  it, 
thess  fabrics  then  becoming  dyt^i  with  magnificent  ftist  shudf^s  of  pur]jlo  or  mauve. 

Murexuit  or  Roman  Pui^c.—Thh  substance,  produced  by  tlje  uctiou  of  ammonia  on 
•Uoxan,  w*B  first  o^ed  na  a  dyins  material  for  silk  and  wool  b^  HM.  Depouilly, 
Lanth,  Meiater,  Fetertien.  and  A.  ScMumbez^^er,  in  1856.  When  mixed  with  carrosiTo 
sublimate,  acotatc  of  sodium,  and  acetic  acid,  it  produces  T&riona  shades  of  red  and 
purple.  For  printing,  a  mixture  of  raur^iide  with  citrate  of  lead  and  acetate  of  zinc, 
properly  Uiickf ned,  is  applied  to  eotton  fabrics,  which  are  then  left  to  diy  for  a  day 
or  two,  when  the  colour  ts  fixed  bj  passinff  the  fabric  through  a  mixture  of  oomfliTo 
■aUimate,  acetate  of  sodinm,  and  acetic  aeid-  The  uric  acid,  the  raw  material  whence 
th*  miirexide  is  prepared,  is  extracted  from  guano. 

Alott,  the  resin  obttuntsl  from  the  Ato^  socolrina,  has  of  late  been  used  by  the  French 
dyers  for  prodacing  violets,  pinks,  maroons,  and  other  shades. 

Aniline-furpU,  or  Mauoe-dyc  (also  called  Tyrian  purple,  Pkmamifu,  Jnduine). — 
This  colouring  matter,  which  has  to  a  great  extent  superseded  all  other  purple  dyes, 
was  discovered  by  Mr.  W.  H.  Perkin  in  1856.  It  ia  prepared  by  the  action  of  acid 
ehivmate  of  potassium  on  sulphate  of  anLUne.  When  pure,  it  is  a  brittle  substance, 
with  •  IffOttse-ooloored  surface,  sparingly  soluble  in  cola  water,  to  which,  hcwerer,  it 
imparts  a  deep  purT)lc  colotu*,  mon>  soluble  in  hot  water,  freely  soluble  in  alcohol  and 
ia  aniline;  It  is  slightly  basic,  disaolves  in  sLroiig  sulphuric  add,  and  ia  precipitated 
from  its  aqneons  solution  by  alkalis  and  saline  substances.  With  tannin  it  forma  a 
precipitate  insoluble  in  water,  »oluble  ia  sulphuric  acid.  Its  colour  ia  not  affected  by 
iiffht,  or  by  acids  or  alkalis.  To  dye  silk  with  it,  the  alcoholic  solution  of  the  dye  is 
mixed  with  abont  eight  times  its  balk  of  hot  water  acidulated  with  tartaric  acid,  and 
then  poured  into  the  dye-bath,  which  consists  of  cold  water  alightlr  acidulated :  when 
it  is  well  mixed,  the  siilk  is  to  be  worked  in  till  it  is  of  the  required  shade.  If  a  bluer 
shade  is  required,  a  little  aulphiniiigotic  acid  may  be  added  to  the  dye-baih^  or  tbe 
ailk  may  previously  be  dyed  blue  with  prassian  blue  or  othenme.  and  then  worked  in 
the  dye-bath  above  mentioned  The  same  method  serrcs  for  dyeing  ailk  with  Tioline 
or  roeeinek 

To  dye  wool  with  aniline- purple,  the  dye-bath  ia  composed  of  nothing  but  a  dilute 
aqueous  solution  of  the  colouring  matter  kept  at  50°  or  60°  C.  {122<>  or  UO®  F.). 
Acids  should  be  aroided,  or  only  a  very  small  quantity  nsed,  as  they  iiyure  the  colour. 
The  same  method  is  applicable  to  the  dyeing  of  wool  with  fbchsine,  Tioline,  roseinc^ 
and  chinoline  colours. 

To  dye  cotton  with  aniline  pnrple,  so  as  to  resist  the  action  of  soap  and  of  light,  the 
process  has  to  l>c  modified,  so  as  to  form  on  the  cotton  fibre  an  insoluble  compound  ot 
the  colouring  matter  with  tannin  and  a  metuUic  base. 

To  effect  this,  the  mtton  has  to  be  soaked  in  a  decoction  of  srunach,  gaUs,  or  any 
other  substance  rich  in  tannin,  for  an  hour  or  two,  and  then  passed  into  a  weak  solu- 
tion of  stannate  of  sodium,  and  worked  in  it  for  about  an  hour;  it  is  then  wrun^  out, 
tamed  in  a  dilute  acid  Uauor,  and  then  rinned  in  water.  Cotton  thus  prepared  la  of  a 
rale  yellow  colour,  and  has  a  remarkable  power  of  combining  with  aniline  purple. 
The  above  procejM  may  be  modified,  as  for  example,  the  stannate  of  sodium  may  be 
applied  to  toe  cotton  before  the  tannin,  and  alum  may  also  be  otted  in  tbe  place  of 
stannate  of  sodium.  To  Aye  this  pretAred  vMxm  with  aniline'parple,  it  is  only  neces- 
sary to  work  it  in  an  acidulated  solution  of  the  colouring  matter  ;  when  thus  prepaml, 
the  cotton  will  absorb  all  the  colouring  matt-er  of  the  dye-bath,  leaving  the  water  per- 
fectly coloorleas.  It  baa  been  found  that  cotton  thus  prepared  con  lie  dyed  with  any 
colouring  matter  that  forms  an  insoluble  compound  with  tannin.  It  ia  therefore  naod 
for  dyeing  with  roseine,  violine,  fuchsine,  and  cbinoline  colours. 

Cotton  mav  also  be  dyed  a  very  good  and  fust  colour  by  mordanting  it  with  a  basic 
lead-salt,  and  then  working  it  in  a  hot  solution  of  soap  to  which  aniline-purple  boa 
been  added. 

Oiled  cotton,  sach  as  ie  used  for  dyeing  with  madder,  is  also  used  in  dveing  these 
eoloors.  Cotton  simply  oiled,  und  before  mordanted  with  alum  and  gall^  abeorlw 
eoal-tar  eokmring  mutters  with  great  avidity,  producing  very  fine  shades.     Oited 
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cotton  mordanted  with  aliiin  and  galla  also  combines  rapidly  with  these  colonnng 
niattfr*:  but  as  the  colour  of  tho  prfci>a.rwd  potton  iit  geuerally  rather  jr«liow,  it  iMet- 
feres  •omptimea  with  the  heuatv  of  the  result 

Cotton  is  Bomctime9  wtuihea  with  albumin,  which  is  coagulated  by  tb«  action  of 
•toum.  and  the  ulbumin,  which  eovers  tUe  i^otton,  dyed  in  tlic  iiHual  manner. 

Violiue,  ^o^seine,  fuchtiinc,  and  also  the  chinoline  colours,  combine  with  unmordaiit«d 
vogetal'h^  fibres  &»  well  as  nnilinn-pnrple. 

I'nvtiiiff  of  Calico  mlk  Anifinr-purvfe  and  other  Coal-tar  Coloun.  —  The  [imifiM 
gt-nenilly  employed  for  printing  with  these  colouring  mattt'rs  is  simply  to  mix  them 
with  albumin  or  Uictitriu,  print  this  tnlxturti  on  the  fabric,  and  then  to  coagulate  tlM 
albumin  or  lactariii  by  tho  iigency  of  steiim. 

Another  method  is  to  print  tannin  upon  tlie  fabric  prcTiously  prepared  with  stannata 
of  sodium,  and  then  dye  it  in  a  hot  dilute  acid  solution  of  the  colouring  matter;  by 
tliis  mcana  the  parts  of  the  fabric  which  are  covered  with  tannin  are  dyed  a  dccfi 
colour,  hut  the  other  parts  are  only  slightly  coloured.  Tlieao  are  cleared  by  weU- 
k  known  processes.  This  method  of  applying  ihtae  colouring  matters  is  also  modi- 
[  fled  by  printing  a  compound  of  tlie  colouring  matter  required  and  tannin  on  the 
prepared  cloth,  instead  of  the  tannin  only,  and  then  steaming  the  poods. 

Vioihu: — This  dye-8tuflE|  the  solution*  of  which  have  a  colour  reaembhng  that  of  the 
field  violet,  was  first  obtained  by  Dr.  D.  Price.  It  is  produced  by  oxidising  aniline 
with  sulphuric  acid  and  peroxide  of  lead.  It  is  eTen  le$a  soluble  in  water  than  aniline* 
purplo,  very  soluble  in  alcohol  Its  colour  is  dealroyt'd  by  Reducing  agents,  but  rp»toredon 
exposure  to  the  air.    The  methoda  of  dyeing  with  it  are  the  aam«  aa  C;>r  aailin«>pttrplei, 

C<^our$  intermediate  bttvcm  Bhtf.  and  Yellow :  Gbkens. 

Orecn  dyea  arc,  for  the  most  part,  produced  by  the  combination  of  yellow  and  blue 
Bp{ilied  either  together  or  separately.  For  the  production  of  a  good  green  tint,  it  Im 
essential  tliat  both  of  the  primary  colonrs  be  quite  pure,  any  admixture  of  red  in  either 
•f  them  canabg  the  ^eo  to  appear  dull.  For  dyeing  green  with  a  single  b«Ui.  the 
etuiTor  fibre  ia  sometimes  montantod  with  a^um  and  then  dipped  into  a  bath  af/usHa 
mixed  with  indigo-carmine.  WTien  two  baths  are  ns.'d.  the  stulTiB  fimt  dyed,  bloei,  then 
well  washed  and  boiled  for  tliree  hours  in  a  bath  of  fustic  mordanted  with  alum  sud 
cream  of  tartar,  mixed, with  a  small  quantity  of  Siixony  blue  (a  solution  of  1  pt  indigo 
in  6  pts.  sulphuric  aeid).  If  it  be  then  dipped  into  a  logwood-bath,  it  acquires  the 
tint  called  by  tho  Fn.»iich,  vcrt-dratjon.  Soxony  (fretn,  which  is  brighter,  ia  produxid 
by  dipping  the  piece  into  a  second  bfith  of  fustic  of  greater  concentration. 

A  very  beautiful  green  colour  called  Vert'  Ventu,  Vert-A^o/,  or  Ftrt-Lttmiirt,  ia 
prodaced  on  ailk  by  a  dye  iir]|)orted  from  China,  called  Chiiuse  gretn  or  Lo-Kae;  atlka 
'(hns  dyed  are  especially  admired  for  the  beautiful  green  shades  they  aasome  in  arti- 
flciid  light.  Very  large  quantities  of  this  dyo  were  imported  in  1853  by  Mesera.  Gniooa 
of  Lyooa.  More  recently,  however,  M.  Chanrin,  of  Lyons,  has  obtained  the  aazne 
qye  from  the  common  butiktliom  (B&amniia  catAartiau).  It  ia  remarkable  for  being 
capable  of  producing  with  proper  reagents  all  the  colours  of  the  spectrum.  Its  nse  u^ 
however,  greatly  restricted  by  its  want  of  stabilitT.  Mnreorer,  Messrs.  Guinon,  Mamai» 
and  Bounet,  have  found  that  vory  fine  green-s  wLich  likewiae  roaiutaiu  their  colour  ia 
artificial  light,  may  l>e  produced  at  loss  cost  by  fixBt  dyeing  the  silk  in  pruaaian  Uu; 
and  then  in  an  acidulated  bath  of  picric  acid. 

Chrome-qreens  consisting  of  hydrated  oxide  of  chmmium  are  now  much  used  aa 
pigments  in  caUeo-printing:  for  their  prepiiration  see  vol  i  p.  960.  They  likewise 
maintain  their  colour  in  artificial  light. 

AnUine-green,  or  Enuraldine. — Aniline  treated  with  hydrochloric  acid  and  chlorate 
of  potaaaium,  or  a  salt  of  aniline  treated  with  seaquichloride  of  iron,  yields  a  green 
compound,  the  existence  of  which  Las  long  been  known  to  chemiata.  AH  attempts  to 
dye  silk  op  wool  with  it  have  hitherto  faUed;  but  it  may  be  produced  on  cotton  fabrics 
by  printing  with  add  hydrochlorate  of  aniline  on  a  fabric  prepared  with  chlorate  of 
I  potassium.  A  beautiful  bright  green  then  gradu.illy  appears,  and  only  requiree  to  b* 
'  washed.  If  tho  green  fabric  is  passed  through  a  solution  of  acid  chromate  of  pota^ 
dum,  thia  colour  ia  transformed  into  a  dark  Indigo-blue,  called  cuurint.     (CalverL) 

Coloura  composed  of  Red,  Bine,  and  Yellow:  Bbowws,  Gaars,  and  BLACSfl. 

Bronse  is  produced  on  wool  by  immersion  in  a  bath  of  weld,  fustic,  alum,  and  tartar, 
in  which  it  is  boiled  for  three  hours ;  it  is  then  left  in  a  cellar  for  six  days,  washed, 
dipped  in  a  bath  of  weld  and  madder,  again  washed  and  dipped  in  a  blue  bath. 

For  olive,  the  wool  is  first  dyed  blue,  then  boiled  for  four  houra  in  a  bath  of  alum, 
sumach,  fofltic,  aoot,  and  logwood,  then  taken  out  and  pedipped  after  addition  of  a  small 
quantity  of  copperas.  Similar  procesiieH  yield  mjfrtU-green,  rcnda^  and  other  ahadea  is 
vhich  yellow  ts  the  predominating  colour. 


DYHENTLES — DYSKOLITE. 
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Uaroim^  b  which  red  pmlominBtrs.  w  oHain^d  by  boiling  the  stuff  for  three  hours 
in  It  Iwlh  of  weld  and  fustic  mordanted  with  ftlum  nnd  tKrt«r,  thro  leaving  it  in  the 
c«<IlAr  for  a  woek,  wa«hin^,  boiling  it  for  a  short  time  in  a  madder-bath,  and  Lutlj 
dipping  it  in  ■  blue-bath.  To  obtain  a  darker  colovir,  the  stuff,  after  leaving  the  madder* 
batlt,  ia  boiled  for  two  hours  with  lof^wiyoA,  snmacb,  and  copperas.  Siiuikr  proeeeew 
ore  adopted  for  dnnamon  and  other  brcnma. 

Brottm  Maroon  is  prodnced  by  dipping  the  stuff  for  three  hoam  in  a  bath  of  goll- 
nntst  eaodol-wood,  Brazil-wood,  and  mad(l«r,  then  adding  lofoirood  und  coppenui. 

Biock  LB  produced  by  a  mixture  of  indigo,  various  yellow  dyes,  and  the  lanntn  of 
giall-t)ut«  or  rumuch,  eulpbutcs  and  acetates  of  iron  and  copper,  ireflm  of  tartar,  &c. 

The  black  called  in  France  noir  dt  stdan,  which  is  one  of  the  finest  and  n]nBt 
dnrable,  iH  given  to  wool  1^  first  dyeing  it  blue  with  indipo,  then,  afti'T  earefnl  wash- 
ing, dipping  it  for  three  hours  in  a  bath  of  aomacb  and  logwood,  at  80*^  or  90 '  C. ;  then 
taking  it  oat,  adding  to  the  bath  335  ^mmrne*  of  protoeolpbate  of  iron  for  each  metre 
of  stuifEI  redipping  for  an  hoar  at  38'^  C,^  and  repeating  tlxis  procem  three  timco.  A 
v»*ry  fine  black  is  likcwiue  obtained  by  dyeing  the  wool  with  logwood  und  iron,  and 
then  dipping  it  tn  n  weak  aolution  of  bichromate  of  potaah  at  40°  or  60°  C 

Silk  19  dyed  black  with  protoaolta  of  iron  and  the  tannin  of  gall -nuts,  or,  more 
oheuply,  of  chestnuts.  The  sOk  is  first  di{  [x^  in  the  tamun-bath,  whence  itissaea  with 
a  colour  of  nankeen  yellow,  then  washed,  and  dipped  in  a  bath  of  protoeulphate  of 
iron  at  90^  G.  Fyrolijjraite  of  iron  ih  likewise  uaed,  and  iron  filings  and  sulphate  of 
copper  are  added  to  the  bath,  together  with  a  small  quantity  of  basic  acetate  of  lead,  to 
take  np  the  sulphuric  acid  set  free  by  the  decomposition  of  the  ferrous  and  cuprie 
nilphatee.  (lum  and  dextrin  are  likewise  added  to  give  the  liquid  the  rfy^niiiite  con- 
sistence. The  silk,  as  it  iiisnes  from  tho  bath,  hu  a  nsty  colour,  which,  however, 
Boon  turns  bhick  on  exposure  to  the  air. 

Cotton  and  linen  may  be  dyed  black  in  the  same  manner  as  wooL  A  very  bbck 
djft  is  also  pnxluoed  by  dippmg  them  first  in  a  batb  of  galls  and  logwood,  then  in 
pjndignite  of  iron  at  90*^  C. 

(rn^  of  varioos  shades  an*  obtained  in  like  miinner  by,  reducing  the  proportions  of 
gatl-mitsi,  logwood,  pyroligoite,  ^c  An  alumina  mordant  is  generally  added  to  give  a 
riolet  tbt 

A  variety  of  brvvcn  and  prty  tints  are  also  produced  by  the  fixation  on  the  stuff  of 
metallic  nxiden,  such  as  the  oxides  of  iron  and  manganese. 

Caffchi-blork  on  silk.  The  silks  ore  passed  into  a  solution  of  ferric  salt,  then  into 
a  hot  sottp-sr»lution  containing  an  raeess  of  soap,  whence  they  an»  passed  into  a  slightly 
Hcid  t>ath  of  yellow  prussiato.  When  thus  dyed  prusman  blue,  they  are  dipped  into  a 
solution  of  ferric  Milt  of  specific  grarity  1*1S,  the  object  o{  which  is  to  give  an  iron 
mordant  to  the  silk.  They  are  then  thoroujthly  washed  and  passed  into  a  bath  of 
r»»4-olio,  fororg&nzine  at  203°,  for  tram  at  1 72'^  F.,  the  siUu  being  workwi  in  this  buth 
until  it  is  cold,  so  as  thoroughly  to  saturate  the  imn  mordant  with  the  colouring  prin- 
ciple of  catechu,  and  thus  prodttco  a  black.  They  are  then  wrung  on  tJhe  p<-p,  und  ex- 
pitMod  to  the  air  for  24  hours,  after  which  they  are  passed  into  a  soap  solution  at  60° 
washed  thorooghly;  and  the  organzine  is  then  dipped  into  a  bath  of  weak  acetic  acid* 
the  tnun  into  a  solution  of  weak  hydrochloric  acid.  Finally,  the  silks  are  paOsed 
through  an  emulsion  of  oil,  well  worked  on  the  peg,  and  left  to  dry.  These  tost  opera- 
tions ore  intended  to  remove,  by  means  of  the  fotty  matters,  the  harshness  which  the 
silk  would  otherwise  possen. 

Cuteehu  ia  capable  of  yieldiiig  s  groat  variety  of  colours.  It  coDtaioa  two  distinct 
principles,  catecntt'tanme  acid,  and  caUchin,  the  former  of  which  yields  various  shades 
of  drab,  while  the  latter  yietds,  with  metallic  salts,  salmon,  red,  and  wood  colours. 

For  farther  details,  see  the  articles  Dtbimo  and  Calioo-pbiktimo  in  Urt^s  Du-tionary 
of  ArUy  Manufactures,  and  Mines,  and  in  Muspraffs  Chrmistry.  Pibsos,  TVoiU 
tJUorifus  ti  pratique  dt  Flmprrssion  de*  Tustts,  tomes  4,  8vo.  Paris,  1846.  Pe- 
lonee  ct  Frimv,  Traiti  dr  Chimie  pinirnU,  Par.  1866,  torn.  v.  pp.  fi6a-605.  W.  K 
Per  kin,  On  cJovring  Matters  dmvrdfrom  Coal-tar,  Chem.  Soc.  J.  xiv.  230,  F-  CL 
Calvert,  On  Improvements  and  Progress  in  Dyeing  and  Calieo-^nting  since  186L 
Maaebeoter  aad  London. 

STSSirrXillS.     Lowig's  name  for  the  organic  radicles  C»H*-*, 

BTOTBrr&ES.    Lowig's  namo  for  tho  radicles  C»H"**^ 

STOXTXrrS.     Syn.  with  IJMkXXVOL. 

STSCX.AXXTI1.     Syn.  with  Okrwitb. 

STSXOXiXTE.    Syn.  with  Sacsfivu 
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BY  SLUITE  —  EARTH  S. 


STS&irZTB.  (Zn  ;Fe  ;Mn)  (A1'.Fp»)0'. — A  raripty  of  Bpinel.  occorriDg  iinboddr.1 
Id  the  limestone  of  New  Jerwy.  It  forms  octahndnU  cry«t«lB  of  a  yellowi«h  and 
greyish  brown  colour,  glassy  lustn?,  opaque.  HardneM  «=  4*6 ;  epecific  jrravity  « 
4-fl6,  With  borajt  before  the  blowpipe,  it  melte  to  a  dark  ganiet-red  gkss.  (Thomson, 
Kammelaberg.)     See  Sputkl. 

STaz.Tazv.  C*'H»«0\  (Berxelius.  Ann.  Ch.  Phunn.  xixiii.  139;  adiii.  1.— 
Theyer  iind  ScbloBser,  iWrf.  1.  23.5.— Strecker.  ihid.  WiL  22.) — A  product  of  tb» 
decomposition  of  cboloYdic  or  cholabc  acid,  produwd  whra  either  of  thvsc  addt  vt 
heated  to  3(K)°  C^  or  treated  for  oome  time  with  liydrocbloric  or  dilate  salpLuric  acid 


(?m**0*  -  2H*0  -  C«H«0* 

Ch«laHe  Dfiljiln. 

add. 


Choloidie 
actd. 


The  beat  mode  of  preparing  it  ia  to  boil  ox-biJe  freed  ft«m  fats  and  eol curing maH*"™ 
with  hydrochloric  acid  for  12  to  24  hours;  wash  the  hard,  friable,  resinous  mass  which 
separate*,  with  water ;  then  boilitrepeateidly  with  alcohol  to  remove  admixed  choloTdie 
Mid;diHolTe  the  retiiiWe  in  eth<.>r;  and  cither  oTapomte  the  ether,  which  then  leaves 
the  dyvlysiD  u  a  yeUowiah  or  brownish  muss,  or,  better,  precipitate  the  ethereal  solutioo 
with  alfloliol,  which  throws  it  down  with  lea*  colour. 

DyalTsin  ia  ao  amorphons  subetance,  doalitlesm  eolouTleea  when  ^uite  pn«*,  bqt 
generally  jellowiah;  melts  when  heated  above  140**  C.  It  is  insoluble  m  wattr,  aeids, 
potuh>ley.  and  alcohol  (hence  the  name),  but  Bolable  in  ether.  Alcoholic  pota&h  coo- 
Terta  it  into  choloidic  acid. 

DTS&TTS,     8efl  Ecltts. 

STSXiTTrra.  A  brown-black  powder,  obtained  aa  a  residue  from  many  rauM 
of  meteoric  iroa  when  they  are  disaolved  in  hydrochloric  acid.  It  amoonta  to  between 
0*26  and  2*25  per  cent,  of  the  entire  mass,  and  ia  Btippofied  to  be  a  phosphide  otuaOt 
nickel*  and  mugneaium.     (Shepard,  Sill.  Am.  J.  [2]  ii.  380.) 

BTBWXTB,  or  STaSn'ITB.     Syn.  with  Rhodonitb. 

IITBOSZXi.  IlouUle  papt/racie,  Terre  bitinninevse  feuilktie^  Terrt  folientt  bitu- 
minevse  de  Mdilli.  Stinkk'Mr,  hHHttrigt  Stinkvrde.  A  soft,  finely  lamioated  cab- 
Btance,  occurring  at  MeHJU  in  Sicily,  of  greenish  and  yellowi«li  grpy  colour,  and 
specific  gravity  ri4  to  1-26.  It  burns  with  flame  and  an  unpleasant  odour,  learing  a 
friable  skeleton  (Handw.  d.  Chem.  2»".  Aafl.  iu  [3]  JJ36). 

DTSTOIVXTB.     Syn,  with  Dathoutb. 

DTGnrTRXSZTB.  (Shepard,  SIU.  Am.  J.  [2]  xiL  209.— Smith  and  Brush, 
ibid.  iW.  *0.)  — A  rock  occurring  at  Diana  ajid  othex  pkccs  in  St.  Lawrence  County, 
New  York.  It  is  massive,  ulaly,  and  tough,  and  has  the  aspect  of  serpentine.  Bard- 
neaso  3  to  3-6 ;  specific  gravity  2-76.  to  2-81.  Colour,  green,  yellow,  and  grey,  8omi»- 
timea  mottled  with  red.  Its  composition  Tariea  widely,  but  it  conrista  mainly  of  Bilira 
and  alumina,  with  water  and  several  protoiidea  in  variable  proportions ;  »o  that  it  i 
)>0  veguded  aa  a  mixture.     The  following  aoalysea  are  by  Smith  and  JBrush  :  — 


BiO* 
44-fiO 
46-70 
44-M 


Al^O' 
34- 

ai-oi 

2S05 


Fe*0« 
301 
3-69 
8-33 


Ca»0 
0-66 

trace 
B-44 


Mg^O 
0-42 
0-60 
6'86 


K'O 

6  87 

11-68 

5-80 


Na-0 
3-60 
trace 
trac« 


6-38 
5-30 
6-15 


Mn*0 

0-30  -  9i>-94 
.  .  -  98-88 
,     .  =  100-57 


Before  the  btowpip«  it  splits  into  thin  splinters,  and  melts  to  a  white  maaa,  harlog 
tjje  aspect  of  porc^ain. 


BASTSB.  This  name  is  applied  to  the  oxides  of  the  metals,  bariam,  etrontaam, 
calcium,  magnesium,  glucinom,  iduminiura,  sirconium,  yttrium,  and  thorinum.  The 
•wlier  chemistadiftinguished  lime  and  magneaia,  by  the  appelJation  of  Trrra  aUor- 
benttB,  from  the  eartht  in  a  more  limited  sense  ;  to  tbese  absorhcnt  or  alkaline  earths, 
baryta,  discovered  in  1774  by  Scheele,  and  atrontia,  discovered  later,  were  afterwrtrds 
added.  Baryta,  strontia,  and  lime,  being  soluble  in  water,  and  {loseessiiig  strong  alkaline 
and  caustic  properties,  are  somftimee  designated  tartht/  alktiHt,  r.g.  by  Omelin  in  his 
Handbook ;  out  the  term  alkaline  earth*  in  more  generally  adopted.  Magnesia  is 
uraally  classed  among  the  earths  proper.  Silica  war  formerly  itombered  MDOOg  tba 
Mithi ;  bot  it  is  now  regarded  as  an  acid  (or  rather  anhydride). 
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mAmTST  GOBAXT. 
SAKTBT   nCAirOAKCSS. 


BAU  sa  COX-OOiri;.  KQlniKhet  Watter. — A  pezfume  eoosistuig  of  a  solatioo 
9t'  VftHoaa  esfl^ntial  oils  in  al(V}hoL  Numeroas  recipes  hare  been  given  for  its  prepara- 
tion. Ooe  of  tlio  be«t,  according  to  Forelfr,  is  to  dissolve  in  6  qtmrts  of  spirit  of  82 
per  cent  Trailer,  the  following  mixture  of  oils;  Oil  of  orange,  btrgamtt,  /«i(i«ti,  Umettt 
{Citntg  Lumia),  ettmc*  dt  petite  grain*,  each  1  oi. ;  olrum  de  Qdro,  dt  Cedrat,  eatenm 
dr  Pt/rtugal,  de  UtToii,  each  ^  oz. ;  oil  of  rosemarr,  J  oa. ;  oil  of  thyme,  J  oc  (Handfr. 
d.  Chcm.'  IT.  428 ;  see  also  Ure'$  JHcUonarj/  of  Arit,  Manufactures,  and  Mines,  art. 
I'BBnitBiiT,  iiL  428.) 

SAV  BB  JAVB3b&&    A  folatioa  of  bjpochlorite  of  sodium.    (Sm  Hypo- 

CHLOfLlTKS,) 

BAtr  BB  Y>ucB.  Aqua  Luci^ — A  milkjr  mixture  of  rectified  oil  of  amber  with 
alcoboi  and  omiooaia. 

Bax»A.wsr.    SyxL  with  PrsoxAirrHii*. 

BBOBTf  B.  Caont4?houc  hardened  bj  kneading  or  rolling  with  half  its  weight  of 
sulphur.     (Se«  Caootchooc,  L  740.) 

aaOBTT*  The  black  heart'* wood  of  Diotpf/rnt  Ehenum^  a  tree  of  the  stjrae^ous 
onier,  indigcnoiiii  in  C«*ylon,  Mudagaacar,  the  Mauritius,  and  many  other  Lro|>i<*ai 
coantriec  It  is  very  har«l,  heavier  than  water,  and  takes  a  fine  polish.  It  has  a 
bitins  taste,  and  gives  off  an  aromatic  odour  when  burnt.  According  to  Petersen  and 
fx-hiidler,  it  contauM,  when  dried  at  100°C.,  49-8  per  cent,  carbon,  6*3  hydrogen,  and 
44'9  Dxyppn. 

BBtr&XiXOBCOYB.  Ebullition  AicnhoUymtttr.—kn  instniment  for  determining  tba 
strength  of  hvdrated  alcohol  by  its  boiling  point.  {B«o  Alcokol,  i.  95 ;  altio  Ur^9 
Du-tionarjf  of  Arts,  Manvfaciuru^  and  Mines,  iL  72.) ' 

EBUXXiXTZOV.    See  Heat. 

BcaOBZVB.  Ekgcmins  (from  fryoyot,  oflSihoot).  C*H>'NO'.— A  base  obtained 
by  the  decomposition  of  cocain  under  the  influence  of  hydrochloric  acid: 

C»H»NO*  +  H»0  =  CH'*NO»  +  C^H*0«. 
CocbId.  Ecsontoe.  Beosolo 

acM. 

ll  ta  BOat  readily  obtained  by  heating  cocain  with  hydrochloric  add  to  lOO"  C.  in  a 
■«a)od  t«be.  It  is  soluble  in  water.  Its  platinum-salt  cryst^itiisea  in  orange-jellow 
prisms.     (W  ohler,  Ann.  CL  Pharm.  cxxi.  372.) 

BCSXM KTSS.     Fossil  radiate  animals  found  in  the  chalk, 

BCXiOOZTB.  Smaroffditr-roel;  Omphaxit€-ro(k.—A  crystallo-gntnular  rock  con* 
sistiug  essontisUy  of  red  garnet  and  green  smoragdite,  Bometimoa  also  containing  kyar 
oile  utid  white  mica. 

■BBOBS.  {Arum  f»cutmtumJ)—L  plant  eultiTated  for  food  in  meet  tn>pieal 
climates.  According  to  T.  J.  Herapatb  (Cbetn.  Soo.  Qo.  J.  ilL  196),  the  freab  z^Mta 
yifld  1'647  per  cent,  ash,  containing  in  llX)  pLa.: 

Hatter  soluble  in  water : 

Total. 
K'O       Naa     SO*        C0»       PK)« 
389        7-0        3-3        10-4        41 M'7 


Matter  insoluble  in  water: 
Ca'O      Mg»0    A1*0»      Fe*0» 


157       trace     trace 


10 


so- 
il 


SiO» 

63 


86S 


100-0 


From  these  reeulta  Herapath  condodei  that  eddoes  exhausts  the  soil  of  phojiphorie 
acid  and  alkalis  more  than  the  Spanish  potato  or  batatas  (L  620),  but  leas  than  the 
common  potato. 

BBBZirOBBnm  Atd^IfornU.-  A  silicate  of  calcium,  2Ca«0. 3SiO»,  or  Ca*Si*0», 
found  at  Ainielfortis  in  Smiland,  Swedpn,  Cziklowa  in  the  Bannat,  and  Ojellebaek  in 
Korway.  It  i»  massive,  fibrous  or  feathery,  whil«  or  greyiah,  with  vitnyMis  Instre  and 
transparent^  Specific  gravity  =  2*58.  Hardness  =  fi-fi.  Melts  to  u  clear  gljws 
before  the  blowpipe.  (Hiiinger,  KougL  Vetenak.  AcaiHaudL  1823,  {>.  177;  1838, 
p.  191.) 
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EDELITE  —  EFFLORESCENCE. 


The  mme  name  is  given  hj  Retzins  (Dueert.  de  Tmn,  Svrwrg.  ft  woto  rubro, 
Acdelforsa,  Lnnda?,  1818)  to  the  red  wolite  of  Aedelforsa,  which  occnm  there  in  fibruos 
•pjTT^gutiona,  white,  lipbt  gTpy,  or  redcliHh,  transluwnt  on  the  edjtc*S  ond  with  a  yilrroa* 
luBjre.  Specific  RTJivity  =  2*6.  IlttMnesa  -=  6.  According  to  RetziaB,  it  contuni 
60  'ia  per  cent.  SiO'.  16  42  A1«0«,  8  18  Cu*0,  4-16  Fe'U\  0  i2  Ms»0  and  Mn»0*.  and 
11  07  water.  A  similMr  mineral  from  Fiihhin  in  Sweden  wits  found  by  Hifiinger  ta 
contain  60-0  SiO*  16-6  Al^U*,  IS  Fe«0«.  80  CuK).  and  ll'S  water  (=  970).  while  he 
Obtainet]  from  the  Aedelfonw  zeolite  63-76  SiO',  18  17  Al'O*,  i-Q2  Fe»0*,  10^0  C»«0, 
and  11 -a;!  H^O  (=  98-38).     (Dana,  ii.  307.) 

Wi'D'El.t'rm*    Prebnit'e  from  Aedelforss  ia  Sweden. 

BDEXrtTI*.     Orammatite  from  Edenrille,  Orange  Cotmty,  Kew  Tort 

EDIWCXOKXTE.  A  miriora]  occurring  on  the  Eilpatrick  UiUa,  near  Glangow, 
m  emuU  cryatjUs  belonging  to  the  dimetric  or  quadratic  systein.  The  crrstalu  are 
iMiuare  prlnms,  acuminau^d  with  the  faco»  of  a  quadratic  octahedron.  Colour  ereyish 
white.  HtirdnoBS  —  40  to  4*5.  Specific  gravity  2-694,  Aecording  to  Heddle's 
annlysia  (PhiL  Mag.  [4]  ix.  179),  it  cont^iins  36-98  SiO',  22-63  AJ*0»,  26-84  Ba«0, 
12'46  water,  with  traces  of  Boda  and  lime  (total  98"91),  whence  may  be  deduced 
the  formula  3BflH).2SiO*  +  4(Al*0'.2SiO=)  +  I2H»0,  which  is  equiralent  to 
(Ba*a^«H")Si"0«  +  7  aq.,  and  redocihle  to  E*SiO*  +  7  aq,  the  formula  of  an  ortbo- 
Biiicate. 

BStrCT.  This  term  w  applied  to  a  body  separated  by  the  decomposition  of  another 
in  which  it  proriously  eiieted  as  such,  in  contradistinction  to  product,  which 
douote.i  a  compound  not  previoualy  existing,  but  formed  during  the  decoropofdtion. 
TliP  ToJjitile  oil  of  li-mon-peel  is  an  eduet,  because  it  pre-eiLtta  in  the  peel;  but  bitter 
almond  oil  is  a  product,  becaufie  it  doea  not  exist  ready  formed  in  bitter  almonda,  bnt 
ia  produced  by  the  action  of  emukiD  and  water  on  nmygdalin.  In  many  cases,  how- 
ever, the  same  substance  may  be  regarded  aa  an  educt  or  as  a  product,  according  to 
the  view  which  is  taken  of  tlie  constitution  of  t\ie  body  from  which  it  ia  derived.  Thus 
the  lime  and  carbonic  anhydride  obtained  by  heating  chalk  to  rednew,  are  cducta,  if 
the  chalk  be  regarded  as  Ca'O.CO*.  products  if  it  be  re^irded  aa  Ca'.CO*.  or  (CO)".Ca*.0, 
ice  Similarly  the  ammonia  evolved  by  heating  eal-aramoniae  with  lime  is  an  edact* 
if  tbat  Bait  is  composed  of  NHMICl,  bnt  a  product  if  its  compoBition  ia  that  ex- 
pressed by  the  formula  NH*.C1.  Even  the  elementary  bo<Ue>B,  as  eTolred  ftom  their 
ctirapoundH,  may  be  regardi^l  as  products,  if,  as  explained  in  the  article  Chxkical 
Afvinh-t  (i.  S58),  wo  suppose  a  molecule  of  a  free  element  to  be  formed  by  the 
union  of  two  elementary  atonxs  in  opposite  polar  states ;  aa  for  example,  when  hydrogen 

~    ■•'        -  "♦■ 
ia  evolved  by  the  action  of  hydrochloric  acid  on  hydride  of  copper :  Cu*H  +  HCl  = 
-  +         +- 
Cu'Cl  +  HH,  or  when  sulphur  is  precipitated  by  the  mntual  action  of  gnlphoron* 

+  -       +-  -t-  -       +- 

anhydride  and  eulphydric  acid :  2H»S  +  80*  <-  2H«0  +  SS». 

XDlTXtCOaATlOir.  A  term  applied  to  washing,  or  lixiviation,  in  cases  when 
tlie  i»rilublfl  matter  is  rejected  as  WDrtUess,  a«d  the  inaolnble  r^due  is  the  mateiial 
required. 

snwARDsms.    See  Hokaiots. 

BFl'Xll.VBSCSircs  is  the  commotion  produced  in  Itquids  by  some  part  of  tha 
tnass  Budilonly  tftking  the  gaseous  form  and  escaping  in  numerous  bubbles. 

EFF^bOKZlBCSirCB.  Tliia  term  i»  applied  to  two  or  tliree  diiFerent  phenomraa, 
rhiirairtemed  by  tbe  formation  of  a  loose  puJvenilent  depoait  on  the  flur&ce  of  a  solid 
body. 

1.  Crystalised  salta  are  said  to  effloresce  when  they  lose  their  wTiter  of  eryatalliaatiffn 
and  fall  to  powder :  e.  g.  neutral  carbtmate  of  sodium,  Na'CO*  4-  5  aq. 

2.  The  formation  of  a  puh-enilt-nt  crj'stalline  depos^it  on  the  surface  of  a  porous  body, 
in  consequence  of  the  cryataHisation  of  u  salt  existing  in  solution  within  its  poraa,  or 

librmed  from  materials  existing  therein,  is  al«>  called  pfBorescence :  e.  g.  tJie  erystal- 
'liMatioa  of  nitrate  of  potassium  on  the  surface  of  the  earth  or  ia  caves,  as  in  In^ia,  or 
nn  jtaltpetre  plantations, — of  snlphate  and  carbonate  of  Boiium  on  walla,  —of  alum  on 
;ilam-«lrttc, — of  ferrous  sulphate  on  iron  pyritea,  &c.  In  all  these  cas««,  the  eolation  of 
the  salt  is  drawn  by  capillary  action  to  the  surface  of  the  solid  body,  and  the«  crys- 
t»lli«e»  in  consequence  of  the  evaporation  of  the  water. 

3.  The  term  efflorescence  is  likewise  appUed  to  the  effect  which  sometiinn  »*t** 
pl/iiMj  when  a  saline  solution  is  left  to  evaporat*  slowly  in  an  open  Teaael.  Tb©  joh'd 
salt  sepiirates  in  dt^ndritic  crjfstals  just  where  the  snrfHCo  of  the  liquid  tonchca  the  nda 
of  the  vessel,  and  the  aoIutioQ^  rising  by  capiEarity  between  these  crystals,  fbnu  i 
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_ — I  oystallintion  just  abore  tli«  first  layer ;  and  this  proeew  ia  ecmtinoallj  teprnted 
till  the  cryrtJilliMUoo  thus  formed  Mteoda  over  (he  edge  of  the  vetael,  and  sometimes 
down  to  the  table  on  which  it  standa.  Sal<aiiuaoniae  and  other  ammonia-sal ta  oAea 
eOoraace  in  this  manner.  The  effect  ma^  he  prevented  to  a  certain  extent  bj  greasing 
the  edge  of  the  Teasel,  or,  better,  hy  qmckljr  boiling  the  eolation,  or  eraporating  it  by 
heat  from  above. 

WQWaUkM.    8jn.  with  iDooura. 

MOO.  (Front,  PhU.  Tttuui.  1822. p.  377.— PriTostandDumas,  Ann.  AStnatir. 
47.— PriivoatsndMorin,  Lfkmann' t  Zooekemit,  Keidflhetg,  1868,  p.  693. — Baudri- 
toont  and  St  Aogc,  Compt  rend,  xvii  1S43. — Oobley,  Compt.  reiui  xxL  766.— 
J.  Pbya.  ChioLf  3]  ri.  409 ;  xii.613. — Valencienneaand  Fr^my,  J.  Pharm.  [sixxvL 
6.  all,  416  :  Tratti  df  Ctiimie  qi:nhale  par  Pdcntce  et  Fr/my,  2—  Ed.  1857,  ri.  227. — 
Lehmann,  LckrhuckJ.pAi/atoi.  Ckcmit,  tranaUt^Kl  by  Dr.  Day,  ii.  363  ;  lit.  439  ;  also 
in  (tmtlin'9  Handbuck,  viil  282,  646,  667,  668,  and  693.— Haadw.  d-  Chem.  2"  Aufl. 
ii.[S]  342.664.  662.) 

The  cgga  of  birds  conaist  of  four  parts,  Tia.  1.  The  shell,  which  is  a  baid  caI«ar«otii 
envelope  ;  2.  A  thin  membranp,  called  the  mrmbrana putamini*,  which  liuce  the  shell ; 
3.  The  white.,  or  albumen,  which  is  a  coionrlesa  liquid  enclosed  in  large  c^lls  funned 
of  a  tbin  membrane ;  and  4.  The  yolk  or  vitellum  Burrounded  by  the  albumen,  and 
likiiwiae  enclosed  in  a  membrane,  which  la  connected  with  that  which  forms  the  cells 
of  the  albumen  liy  two  knotted  Ligaments  eaUtvl  cha/ara. 

The  shell  cnuButa  mainly  of  carbonate  of  ealciiun,  wit^  smaller  ^u&ntitirs  of  phosphate 
of  calcium  and  animal  matter.  In  the  egg-ahella  of  tbue  domestic  fowl,  \'aui{uclin  and 
Pronat  foond, 

Vmiqiwlliv  Promt. 

Caefaenate  of  calcium 89*6        91 

Phophate  of  calcium,  with  a  little  phosphate  of 
magnesium     .......      67  7 

>wttnid  matter  containing  aulphor      ...      47  2 

KHH)      Too 

The  egg-shell  cf  the  ostrich  contains,  aeoording  (o  Wicke,  3*28  p.  e.  organic  matter 
and  97-41  carbonate  of  calcium. 

The  bninft  membrane  of  the  shell  ct  poultry  eggs  contains,  according  to  Scherer, 
60  7  p.  c  carbon,  66  hydrogen,  1 68  nitrogen,  and  260  ox^'gen  and  aolphur.  When 
incinerated,  it  leaves  a  small  quantity  of  ash  consisting  chiefly  of  pho»iphat«  of  calcium. 

The  white  or  albumen  of  the  egg  is  not  a  mere  solution  of  albumin  or  albuminate  of 
■odium  in  water.  When  eiflmined  by  the  microscope,  it  exhibit*,  k-sidrs  the  chalaxa 
and  the  amorphons  cellular  mi'riibrjiiien,  a  numlwiT  of  esmall  bodioa  with  three  projecting 
points,  or  a|ij?reg«ti«  of  small  DPedles,  consisting  of  faL  The  cellular  membrHne  ia  that 
which  gives  the  gelatiaoua  consistence  to  white  of  egg.  When  the  white  ia  beaten  up 
with  water,  and  the  intimate  mistiue  thns  formed  ia  dilutrd  with  a  large  quantity  of 
water,  the  chaluza?  and  membrAnes  aeparate  aa  a  floccuieol  Rediment. 

Ltibmann  found  in  white  of  egg,  in  addition  to  albumin,  a  small  quantity  of  fat, 
glucose,  extractive  matter,  mineral  salts,  and  free  gases.  Kickl^«  found  a 
IrMce  of  fluorine.  In  the  fresh  white  of  poultry  egga.  Lehmann  found  cnrbonatps  in 
variable  quantity,  depending  perhaps  on  the  time  for  which  the  eggs  had  been  ex{>owd 
to  the  air.  The  quantity  of  water  in  the  albumen  varies  from  82  to  88  p.  c ;  the 
quantity  of  albumin,  mostly  in  combination  with  soda,  is  about  12-6  p-  c  of  the  frvah 
•Ihnmen;  that  of  the  axtractire  matter!*  is  3  14  p.  e.  of  the  solid  residue.  The  pro- 
portion of  inorganic  salts  is  0  64  to  0  68  (LehraannX  0*66  (Poleek).  The  dried 
residue  of  the  slbumen  yields  3042  p.  c.  fiiaible  ash  (Lehmann).  In  the  dried 
albumen  of  poultry  eggs,  Lehmann  found,  as  an  average  of  numerous  dtterminationa, 
0-5  p.  c.  fermentawe  augur.  0.  Meisancr  found  a  much  larger  quantity,  viz.  8  p.  c.  of 
the  •Iried  residue.  In  100  pta,  of  the  ash  of  the  albumen  of  poultry  t-«gp,  Polwck  found 
26-67  KOI,  8-67  NaCU  5-43  E*0,  12-49  Xa*0,  6-26  CaU,  7^3  MgO,  2-09  Fe«t>», 
16-28  P»0*,  0-84  SOV  9-01  CO*,  and  7  06  SiO*.  The  cblnridcs  and  orhcr  soluble  salts 
Cam  the  larger  portion  of  this  ash,  whereas  in  the  ash  of  the  yolk,  the  insoluble  salts 
predominate. 

The  yolk  of  birds'  eggs  forms  a  thick,  viscid,  sligbtly  translucent,  yellow  Hqui<l. 
destitute  of  odour,  but  having  a  faint  pecnliar  taste:  when  mixed  with  water,  it  forma 
a  white  emnlsion.  It  blues  reddened  litmus  paper,  solidifies  to  a  fn»ble  mass  when 
bailed,  m  coagulated  by  cold  alcohol,  and  gives  up  to  ether  a  reddish -yellow  Ait. 
Wfaea  cxamintni  by  the  miiTo«cnpe,  it  is  found  to  coniiid  of  a  semifluid  mnas  of  very 
tO'tOftutidt*,  amongst  which  there  swim  variou«ly  siied  tfoik-eorpuAclra  \xn\fat  ghtliuln. 

Tne  yaU('<orpuauea  conaist  mainly  of  fab  and  pigment ;  the  fine  granules,  acourdiiig 
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to  Lebmann,  of  pasein  containinf;  bat  a  iinall  qttunHty*  of  alkali ;  the  fluid  of  tft* 
jnlk  conaista  of  Hlbamin  poor  in  tillkali,  in  a  fltAt«  of  actaal  aolution.  The  BobsUnoe 
tbrmerly  called  vitpllin  la  now  known  fo  be  a  mixture  of  ai»<'in  and  albumin. 

The  fat  of  the  yolk  appeara  to  coDiiiist  chiefly  of  olein  and  piilmitLn  ;  it  also  containfl 
cholest<rin  or  a  very  tHtnikr  body,  and  according  to  Ool>!ey,  c^rebrin  and  lecithin 
{q.  p.)  The  colouring  matters  of  th<?  yolk  hare  not  been  accurately  investigated :  it  i» 
mprely  known  that  they  coctaiat  of  a  rod  and  a  yelloir  pigment,  one  or  Uie  other  of 
which  ii  alhuminoua. 

In  !0<J0  pt».  of  the  yolii  of  the  egg  of  the  domeatic  fowl,  Gobley  found  614-90  ynia^ 
157-60  *ntfUin,  304-70  fat  (consiJstinR  of  213  00  palmilin  and  olein,  4-40  cboleatenn, 
84-30  l*jcithin  and  3-00  cerebrin),  4*00  alcoholic  extract,  6-50  colonring  matter.  0-30 
ehtoride  of  timmoniura,  2"80  alkaline  chlorides  and  salphittes,  10'20 earthy  pbo«phit«t^ 
with  a  trace  of  oxide  of  iron. 

Amoni^C  the  constitnenta  of  tlie  ash,  the  potassiutn'-^alta  and  phosphates  occupy  tbft 
chief  ptace,  the  chlorides  and  the  sovliura-salta  being  present  in  small  quantify  only. 
Poleck  found  in  100  pta.  of  the  ash  of  the  yolk  of  hens'  eggs,  S'94  potash,  4-82  aodit, 
15*79  lime,  2-36  magneaifl,  1-86  ferric  oxide,  68-26  phosphoric  anhydride,  and  01H 
ailica  (•99-94). 

Giarmt  of  the  ryg  during  incvhatvm. — From  obserrations  on  tho  eggs  of  the 
domeatic  fowl,  Prout  deduced  the  following  concluBiona : 

I.  The  relative  weights  of  the  several  parts  of  the  egg  vary  conwderably.  Ten 
eggfl  gave  on  the  average,  in  1000  pta,-  ahell  and  lining  membrane  106*9  pta.,  wlut« 
604*2,  yolk  288*9.  The  membrane  weigh*  about  2^  pta.  per  thousand  of  the  entuv  egg. 
— 2.  The  egg  loses  during  incubation  about  I  of  its  weight,  which  is  about  eight  tima 
as  much  a«  it  would  lose  in  the  eo-me  time  if  left  to  itself. — 3.  At  the  commenceioeDt 
of  incubation,  tho  yolk  givea  up  oil  to  the  white,  whereby  tho  white  is  altered  and 
becomea  like  the  casein  of  milk,  the  yolk  at  the  same  time  t-iking  up  water  and  aHi. 
—  4.  At  a  hiter  stage,  the  water  and  salts  ieave  the  yolk,  which  gradually  reanmea  its 
oriffinal  volume.  In  the  laat  week  of  incubation,  it  diminishes  still  further  in  bulk, 
and  Eivea  up  th«  greater  part  of  ita  phosphorus,  which  is  used  in  the  formation  of  bone, 
uniting  as  phosphoric  acid  with  lime,  which  is  not  originally  coutained  in  the  fluids  of 
the  egg,  but  appears  to  be  derived  from  the  shell. 

The  reaulta  obtained  by  Provost  and  Duraaa  are  as  follows :  The  contents  of  the  nn- 
incnbated  egg  were  found  to  cocwiot  of  1072  (kt  cent,  fat,  16-68  substaooe  free  finom 
ffit  (819  in  the  white  and  8*36  in  the  yolk)  and  72-65  per  cent  water.  After  sevpa 
days'  incubation,  the  inner  part  of  the  egg  conBL<tted  of  9*32  per  cent,  ether^extract, 
13'94  su^mtance  free  from  fat  (with  8  per  cent,  albumin),  and  7674  water.  Of. 
pulwtance  free  from  fat  the  white  contained  34  9  per  cent.,  the  thick  yolk  16-6,  the 
fluid  yolk  4-4,  the  membranes  of  tho  white  7"7.  the  amniotic  liqnid  I'S  per  cenL  Th« 
fat  and  solid  substance  had  therefore  diminished  during  incwbation,  but  the  amoonl 
of  wat«r  was  relatlrcJy  increased  after  fourteen  days*incobution,  the  lining  membrane 
of  the  shell,  the  interior  of  the  fetus,  and  in  one  instance  also,  the  amniotic  liquid 
exhiliited  an  acid  reaction,  100  pis.  of  the  interior  of  the  egg  consisted  of  9*46  ethir- 
extract  16-09  dry  matter  with  77  albumin,  and  74-43  water.  The  white  coDtained 
3*3  per  cent,  dry  matter  free  from  fat ;  the  yolk  19"3  ;  the  membranea  9*1 ;  the  Ibetas 
7*2;  the  amnios  1*4  per  cent.  After  twenty-one  days'  incubation,  the  interior  of  tha 
egg  consisted  of  6*68  percent  fut  IB '44  dry  substance  free  from  fat  G  of  which  w« 
yolk,  \  yolk-membrane  and  f  foetna),  and  78'88  per  cent  water.  The  yolk  th<>n 
contained  29-0  per  cent  the  yolk  membrane  206,  the  f<ctiia  14-6  per  cent  oxj  matter 
free  from  fat 

The  weight  of  tho  shell  remained  nearly  constant.  The  fat  of  the  egg  before 
incubation  had  a  uniform  yellow  polonr ;  on  the  seventh  day  the  thick  yolk  yielded  to 
ether  a  yellow  oil ;  the  liquid  yolk  a  yellow,  later  a  colourIe*w  fat  The  membnmea 
and  amnios  yielded  a  thick  white  fat  the  fcetus  a  white  fat  like  hog's  lard.  On  th» 
fourteenth  day,  the  yolk-oQ  was  yellow  and  thick ;  that  of  the  ftptns  reddish  and  solid. 
On  the  twenty-first  day,  the  yolk-fat  was  thick  and  pale  yellow ;  that  of  the  mem- 
branea  dark  yellow  and  partially  solid :  the  fcctus  yielded  at  first  a  solid  yellow,  after- 
wards a  soft,  white  fat 

Ketmecting  the  mineral  conatituetits  of  eggs,  Fr^voat  and  Morin  liaT«  obtained  the 
following  reeults: 

Eggs  before  incabation  contained; 
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The  loM  of  wdgbt  of  th«  egg  dorijig  incnbation  was  foatHl  by  Pr^rost  and  Morio 
(contrary  to  the  obu^rvutiona  of  Proat,  p.  364)  to  be  the  samo  in  a  given  time  lut  that 
of  the  egK  vbeo  left  to  itaelt  to  that  it  appears  to  ariae  from  simple  diying.  Unim-> 
pwgnatea  «gga  do  not  putrefy  during  incubation,  tbeir  contenta  retain  their  original 
eoosiatenoe,  but  the  yolk  becomes  darker. 

It  has  long  been  known  that  non-incubated  eggs  reepire,  giving  off  water  and 
earbouic  acid  and  abaorbitig  oxygon,  so  that  the  air  confined  ut  the  broad  end  of  the 

aia  ridier  in  oxygen  than  the  external  air.  From  tbu  inre^itigutionaof  Biiudrimoot 
8L  Ang*,  Ma  wall  as  from  thosf  of  Viborg  and  vScbvr&nn,  it  appears  that  this 
prow  of  napinUion,  in  other  trords,  the  interchaoge  of  gaa  through  thv  shell,  is  acco- 
lenied  daring  incubatiou,  and  in  morcoror  necesaary  to  the  process  of  development,  inaa- 
much  MM  egos  eocloccd  in  an  atxnospbcro  of  hydrogen  or  carbonic  anhytlride  quickly  die 

Egpa  o/r'ithcJt, — The  eggs  of  fishes,  and  likewise  those  of  reptiles,  insects,  mol- 
luscal  dec,  do  not  contain  an  albuminous  inrestment  like  that  of  birds'  eggs,  bat  con- 
■iat  merely  of  a  fiuid  corresponding  to  the  yolk,  and  endoeed  in  a  mombrune,  which  is 
itaelf  enclrwHJd  in  a  sheli 

The  Tolk,  or  Titvllum,  of  the  eggs  of  cartilaginous  fishes  consists  of  an  arbumiuoua 
liquid,  holding  tn  nolution  certain  minenl  ttltM,  chiefly  chlorides  and  phoepbatea^  and 
in  auapciuion,  white  grains  or  platea,  consisting  of  ichthin,  the  form  of  which  is 
regular  and  constant  in  each  ■pedes,  bat  differs  in  different  species.  According  to 
Badlkofer.  they  are  crystallins  and  donble-refractiag.  These  grains  are  mixed  with  a 
■mall  qoaotity  of  phoaphoretted  fat,  which  is  lolublo  in  ether  and  alcohol,  fonna  a 
kind  of  mucilage  with  water,  and  exhibits  some  analogy  to  the  olcophospboric  acid  of 
Ihe  brain.     (Valenciennes  and  Frimy.lf 

The  Toe  of  the  sturciMn  ia  salted  and  sold  as  caviare.  John  found  in  100  pts.  of  it, 
6'2  fluid  albumin,  4*3  batyraceoms  fut>  67  common  salt,  0*5  phosphate  of  calcium  with 
u  little  iron,  24*3  coagulated  albumin,  and  fiS  water. 

The  egga  of  bony  fishes  also  contuin  grains  or  plates  similar  to  those  in  the  yolk  of 
cartilatri  nous  fishes,  but  consisting  of  thn^e  substances  insoluble  in  water,  viz.  ichthin, 
ichthidin,  and  i c h  t h  u  1  i n.  The  albumin  of  fishes'  eggs  appears  to  differ  from  that 
of  birds'  eggs ;  in  furrt,  thut  of  certain  fishes  dissolves  in  hydrochloric  acid  without 
eolorulion,  and  lupins  to  coagulate  at  46°  C,  whereas  tha  albumin  of  birds'  eggji 
dissolves  in  hydrochloric  add  with  deep  violet-blue  colour,  and  does  not  coagulata 
below  60°  C. 

The  fiuida  of  the  eggs  of  bony  fishes  undei*go  a  change  of  composition  daring  tbeii 
•ojoum  in  the  oviduct.  While  still  attached  to  the  ornry,  they  contain  only  traces  of 
Albumin,  but  those  in  the  oridnct  contain  a  considentble  quantity  of  it  The 
CHgs  of  the  rarp  in  an  early  stage  of  deTelopment  contain  ieklhidin  and  icbthulin ; 
irhen  liilly  developed,  they  no  longer  contJiin  icUtbidin,  the  ichthQlio  grHdually  dis- 
appeunt,  and  when  lli*?y  have  become  quite  transparent,  they  contain  nothing  but  a 
etrnnf^ly  albuminous  liquid,  holding  pbospboretted  fat  in  suspension.  (Valenciennes 
and  Fri-mj.) 

According  to  Gobley  (J.  Phys.  CMm.  [3]  xl  409;  xii  613),  carps'  eggs  exhibit  in 
their  composition  a  certain  degree  of  similarity  to  hens*  eggs.  They  appear  to  be  defi- 
cient in  the  alkaline  albumin  which  surrounds  tljeyolk  of  the  fowl's  egg,  but  they  contain 
an  sibumiuous  Rubstnace,  parnvitcJJ  in,  ftgn'ping  in  compffsitioa  and  properties  with 
vitellin,  and  a  fat,  which,  like  that  of  tht-  volk  of  ponltty  eggs,  is  composed  of  a  fixed 
oil  and  a  tenacious  infuKihjp  Kubstjiince.  The  oil,  which  ia  present  in  smsll  quantity 
only,  consiati  of  olein  and  piilmitin  ;  the  tpnacious  substance  is  a  mixture  of  several 
eomponnd-*,  including  cholesteriii,  lecithin,  and  cerebrin,  the  second  of  which 
contains  pboffphnnrufl.  Citrps'  pgps  boilrd  with  writer  yield,  according  to  Gobley.  an 
acid  liquid,  which  bocomes  more  acid  on  addition  of  jilcohol.  Tbe  colouring  matter  of 
CArpa'  eggs  appears  to  be  of  two  kinds,  like  thst  of  poultry  eggs,  a  rt-d  ferruginous  sub- 
stance,  like  the  colourinp  nintter  v(  blood,  and  h  yellow  tmlMtanre.  Gobley  gives  the 
mean  po-rcentsge  coroj>o«itirtn  of  the  eggs,  as  follows  : — 64-08  water,  14-06  pamvitellin, 
2'67  oWn  and  palmitin,  ll-'26  rliolfsterin.  304  lecithin,  0'20  cerebriu,  0-04  chloride  of 
ammonium,  0*46  chlorides  of  pola^Ium  uod  sodium,  0-U4  sulphatA  and  phoKpbate  of 
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potAssiani,  029  plioBphiitpa  of  mngnesiuin  and  cateitiin.  0*39  «stmct  of  fleah,  1lt6t 
memlirane,  and  0-03  colmiiiog  mutter,  with  tracoi  of  iron,  aod  losft. 

E(f^i  of  Rtptilea, — The  eggs  of  tlie  tortoise  are  compoaed  of  a  gelatJnona  white, 
email  in  qnantity.  contaioic^  but  little  ftlbumin,  and  emrlosed  in  the  cells  of  the  lar^ 
tMUiHparent  irnMnbranes.  The  yoTk  is  very  rich  in  albumin,  and  containa  a  cooai- 
demble  quantity  of  phosphorettcd  oil  together  with  grains  of  *inyd  in  fg.  v.). 

In  the  egg-sWll  of  Emye  amazonica^  L.  Gtaelin  found  26-6  per  cent,  aninial  matter 
iusolublp  in  hydroohloric  ucid.  It)-?  animal  mutter  solubk*  iu  tuat  acid,  66'-i  carbonate 
of  t'altnum,  7*3  pho^tphuto  of  calcium,  and  truce*  of  magnesia. 

in  the  egjr-eiiell  of  Al/i</iiti>r  achtopt,  not  quite  freed  from  membrane^  Bnunm^r- 
Btadt  foond  l-3fi  per  rent  wiiter.  609  organic  matter,  Sl'lO  carbonate  of  coldtuu,  2-35 
cartionate  of  magnesium,  and  054  earthy  pUospbatea. 

The  eggs  of  the  Heard  resemble  those  of  the  tortoise  to  a  certain  extent;  they  do 
wit  contain  ichthtn  or  emydln.     (Valenciennes  and  Fr^my  ) 

The  effgs  of  the  common  viper  contuin  an  albumin,  like  that  of  the  ray,  gelatinous, 
•od  maoe  np  of  transparent  elastic  films  containing  a  slightly  albuminuted  water. 
The  yalk  contains  a  liquid  very  rich  in  albumin,  and  baring  a  lar^  quantity  of  ftX 
floating  in  it,  but  on  bringing  it  ia  contact  with  water,  the  liquid  thickens  more  and 
more  ;  and  at  last  becomes  t^aite  gelatinnus.  This  change  of  state  is  due  to  the  prs- 
■«nc«  of  a  body  resembling  vitellin,  which  is  rendered  insoluble  by  the  slow  action  of 
water.     (Valenciennes  and  Fr^my.) 

The  gelatinous  matter  of  the  eggs  of  frogs  \a  composed  of  a  tissue  of  byalofd  mem- 
bmn«flt  oontitining  water,  abEcrbed  ufYer  the  eggs  hare  been  laid.  It  is  modified  by 
boiling,  becoming  sliglitly  opnline,  while  the  yolk  hardens,  showing  tliat  it  eontami 
albumin.  The  yolk  ia  blackened  by  a  pei-uliar  pi^^onent,  which  a^  coloors  the  ex- 
tremely thin  vitelline  membrttiie  ;  the  liquid  of  the  yolk  contains  a  very  small  quantity 
of  fatty  matter  united  in  transparent  drops  ;  another  substance  which,  nndfrrthe  micro- 
soopc^  presents  the  appearance  of  an  extremely  thin  membrane,  corered  with  black 
doto,  Rnd  a  lurge  quantity  of  extremely  small  vitelline  granulcia.  insoluble  in  water, 
but  soluble  in  acetic  acid.  The  egfrs  of  tritona  exhibit  the  same  oompositiou :  the 
white  exterior  matter  is  similar  to  that  of  frogs'  eggs. 

Th«  eggs  of  Crustaceans  do  not  contain  ichth^in  ;  their  albumin  app<?ar»  to  diffir 
in  some  respects  from  that  of  other  eggs,  not  coagulating  below  7-4'^  C,  The  <'i!j«k  d 
eraha  and  lobst-ra  contain  the  subatani^e  which  exists  in  the  shell  of  the  animal,  and 
■is  the  amsp  of  the  red  colour  which  it  assumes  when  boiled.  In  the  eggs.  Ihi:*  suV.- 
stance  appears  to  be  in  a  state  of  solution,  and  to  be  precipitated,  on  diluting  the 
crushed  eggs  with  water,  as  a  green  resinous  substance,  which  is  z^dened  even  by 
dnring  in  vacuo,  also  by  the  action  of  salts  which  absorb  wftt«r,  by  the  action  of  nf- 
cobol  or  ether,  and  lasfly  when  rttbbed  with  a  solid  body.  In  the  reddened  state,  ths 
coloTtring  matter  may  easily  be  obtained  by  heating  the  albnminous  liquid  which  holds 
it  in  solution,  and  dissolving  out  the  colouring  mutter  from  the  coagulated  albomia 
which  eodoseait.  by  means  of  alcohol,     (ValeocienneB  and  Frimy.) 

F^s  of  Araehnida  avd  Insects. — The  ema  of  spiders  contain  albnunin,  fatly 
mittters  and  a  large  quantity  of  matter  precipitti^lo  by  water.  The  eggs  of  ants  exhibit 
■iniihir  composition.     (ViilencienneB  and  Fremy.) 

ReiiiKch  found  in  the  eggs  of  PapiHo  CraLtgi,  2-S6  per  cent  shell  (containing  J"H 
animal  matter,  and  022  cnrbonate  of  calcium),  8*32  albumin,  8*22  fat,  with  tivcM  et 
volatile  oil,  0-88  unsaponifiable  fut,  0'67  phosphate  of  calcium,  with  tracaa  of  feme 
oxide,  4  65  animiil  substances  with  salts,  and  7o'00  water. 

f^gs  of  Moilusra. — Thi^-ie  eggs  nppear  to  differ  altogether  in  composition  from 
those  of  ether  aoimalfl.  Thii^  tlu'  ffrpr?"  of  the  snail  do  not  contain  a  trace  of  fat.  Init 
are  forme^d  entirely  of  hyaloid  niembranes,  enclosing  a  viscid,  colourless  liquid,  which 
holdi*  ill  Bolution  an  azotiaod  body  different  from  albumin,  iuasmuch  as  it  dor's  not 
coiipptlnte  by  boat,  is  pret'ipitwted  by  acetic  acid,  and  dissolves  in  hydrochloric  acid, 
wiUiout  producing  a  violet  colour.     (Valenciennes  and  Fr^my.) 

F.  W.  liurdach  examined  th*  egga  of  Livmteus  stagnah's,  in  different  stages  of  dev*- 
lopment,  in'th  the  view  of  ascertaining  whether  the  quantity  of  fst  in  thorn  increasr* 
during  thi'ir  dt'velopment  at  tho  oxpt-nse  of  the  albuminoids.  The  eggs  in  an  eariy 
stage  of  development  were  found  to  contain  in  the  dry  state,  405  per  cent,  minenti 
saUfl,  0  65  fat,  and  therefore,  9526  albuminatea;  in  a  second  experiment,  355  sdlt^ 
0*64  fat,  and  95'81  albuminates.  The  fully  developed  eggs  yielded  600  and  6"62  pr 
cent,  sjilts,  2-18  and  Tfifi  fat,  and  91-82  albuminates.  These  experiment*  seem  to 
show  that  the  albuminates  are  partly  converted  into  fat  in  the  procesa  of  development. 
(Burdach,  De  commutat.  sutat. protein^  in  adipctn,  Disscrtatio.  Begiomontii  Pmasor. 
1853.) 

The  following  general  conclusions  are  deduced  by  Valenciennes  and  Yrhny  from 
Ibeir  i*ea«urchM  on  the  eggs  of  different  classes  and  orders  of  aaimals. 
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1.  Among  Tcrtcbrate  animaJs,  the  eggs  of  btrda,  reptile*,  and  flsh««  exhibit  differ- 
•neea  which  may  be  demonBtmted  by  the  most  simple  onalysia ;  aovrrthclosa,  th« 
Mgp  of  nvrtaiu  and  ophidiaiu  present  oonBtderable  anidoflj  to  thoM  of  birds,  whvKaa 
the  MD0i  of  batrachiaoe  approach  more  to  those  of  cartilH^oua  Itahea. 

2.  Toe  ego  of  anchnida  and  iiisecta  difftir  altugother  in  compoaition  from  those  of 
otber  anunaub 

5.  The  eggs  of  crasta<reans,  which  are  organised  so  as  to  be  hatched  in  vater,  exhibit 
DO  renemblaoce  to  those  of  fishes  or  amphibious  vcrtebmta. 

4.  Similar  obserratioos  apply  to  the  eggs  of  moUuace. 

6.  TbeM  differences  correepond  not  only  vith  diissoa  and  ordem,  bat  likcwiae 
attend  to  natoiml  fuoilieai  and  do  not  stop  eren  there ;  inasmuch  as  (he  eggs  of  c&rti- 
la^Doui  flabes  bare  not  the  same  composition  u  those  of  bony  fishes  :  moreoTer,  a 
carp's  eeg  is  ftrj  diflerent  from  that  of  a  salmon,  and  the  egg  of  an  ophidian,  an 
•doer,  m  example,  does  not  contain  the  same  priucipte«  as  that  of  a  chelontan. 

8.  Eggi  contain  Bercral  distinct  proximate  principles,  viz.  A-itetlin,  ichthin,  ichthalln, 
icfathidin,  and  emydin,  deaiisnated  by  the  generic  name  of  vitrllinc  ettfmfancra. 

7.  Thoogh  the  composition  of  the  proximate  principles  ia  the  same  in  closely  allied 
species,  the  form  and  size  of  tho  yiteUine  mbatunces  Taries  siifficiently  to  be  recognised 
■Ad  sasigned  for  each  species. 

8.  The  albnminoas  substances  derired  from  the  eggs  of  birds,  reptiles,  fishes  and 
crastaoeans  exhibit  in  their  chemical  properties  and  in  their  point  of  congelation, 
differences  sufficient  to  joatify  the  coDclusioii  that  they  conatitnte  different  proximate 
principles. 

9.  An  egg  undergoes  chnnges  attended  with  eontn'demble  modiflcations  of  its  liquid 
eoastitnents,  at  the  different  epochs  of  its  formation,  at  the  moment  of  its  separation 
from  the  or^aj,  and  during  its  sojourn  in  the  oriduct  before  it  is  laid. 


A  basic  ^nhosphate  (or  phoephoranadste)  of  copper  found  at  Ehl,  near 
Xiinz  on  the  Rhine,  at  Nischnei-Tagilsk  in  the  Ural,  and  at  Libetbcn  in  Hungitry  (the 
so-called  erudt  Ub*ihrHitf\  usually  in  botx^-oifdal  and  kidney-shaped  aggregate*,  or 
WMsaJTS  and  imbedded,  rarely  crystallised  It  cleavea  in  oae  dirtHrtiuu,  produces  a 
TOPdigris-green  to  emerald-green  streak,  is  translucent  on  the  edge.t,  has  a  nacreous 
lustre  on  the  desTage  faces.  Hardness  =  1*6  to  40.  Specific  gravity  ^  3*8  to  4*3. 
lief  ore  the  blowpipe  it  decrepitates  riolently,  and  mt'lts  eaeily  to  a  black  bead,  which 
solidifies  in  the  oystalUne  state.  On  charcoal  it  yields  copper.  DisMlres  easily  in 
hydrochloric  acid  and  in  ammonia. 

Aceordingto  an  older  analysis  by  Bergemann  (Sehw.  J.  Ht.  305),  it  contains  24*03 
per  rwjt.  PK>*,  65'99  C?uO,  and  9-Ofl  water,  npreeing  approximately  with  the  formtiV- 
6CnO.P*0»  +  8H»0,  or  Cu"P*O».2CuH*0«  +  H»0  (calc.  23  94  FO*.  0087  CuO,  and 
909  wHter).  Analyses  by  R  H  erman  n  (J.  pr.  Cfaem.  xxxTii.  163),  Rhod  ius  (Aid. 
xlii.  4^7),  and  Nordenskiold  {ibid.  Ixxii.  457).  lead  to  similar  results.  Aocrtrditig 
to  a  b\t*'r  analysis  by  Bergemann  (Jahresber.  r.  Leonhard  f.  Min.  1858,  p.  191),  the 
minoral  likewi'so  contains  Tanadium.  vix,  734  V-0*,  17-89  PO*,  frlOO  CuO,  nnd  890 
H*0,  which  may  be  represented  by  the  formula  3CuO.V»0»  +  6(3CuO.P'0»  +  aq.) 
+  3(CuO.H*0).  or  Cu»V*0*.6(C«»F-0».aq.)-3CuH*0».  But  it  is  probably  a  mixture, 
as  indeed  might  be  inferred  from  the  great  yariatiuns  in  its  hardneas  and  density. 

Z^seiVBERGlZTS.  An  amorphoos  rainornl  occurring  as  a  deposit  in  tmehyta 
in  th<^,  ^if  bengobirge.  In  die  recent  state  it  is  D«irly  gelntinous,  easily  compressible, 
and  when  dried  becomes  lighter  io  colour,  fissured,  fine-grained,  ac^d  opaque.  lu  the 
dry  state  it  adheres  but  little  to  the  tongue.  In  water  it  disintcgratea  and  resumea 
its  original  character.  According  to  Ebreubetg,  it  becomes  white  by  (rcntlo  ignition, 
but  recnrrera  its  former  colour  by  inmtersion  in  water.  Analyses  by  Buichuf  ^I.)  and 
Schnabel  (II.)  show  that  its  oompo«jtion  is  rery  yariable : 

SiO«       A1'0«      Fe*0«      MnO       CuO        MgO      n*0  K«0,Na»0    Total 
I.     64-M         a04         4-56         4-61         3-85         0-41       777         8  11      .     100 
II.     66-77       15-77         1-65         0-86         2  78         VZO     1711         3-78     .     100 
According  ta  Schnabel,  water  extrocta  from  it  chlorine,  Bmlphuric  acid,  and  magnssia; 
hydrochloric  acid  extracts  iron  and  manganese.     (Jahresber.  f.  Cham.  1862,  p.  867.) 

BKBZKOZTB.     A  massiyo  fibrous  vanety  of  Scapolite  (g.  v.) 

mt.ATWE.     C»H".— Syn.  with  Nontlkne  {q.  v.) 

MMtMQliXV^m  A  yaHtity  of  nephclin,  haying  a  waxy  or  fatty  lustre,  slight  tnns- 
lucenco,  and  a  grey,  dingy  blue,  green,  red.  or  bnjwn  colour.  In  ervt'talliiie  form  and 
•onipodition  it  does  not  differ  essentially  from  nephflin,  but  is  distinguished  by  the 
greAU-r  ease  with  which  it  nielta  to  a  tumid  glass.     (See  Nbphei,ik.) 

VXkSOMSTlUL.     A  kind  of  hydrometrt  for  detecting  adulterations  in  fixed  oillt 
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ELiEOPTENE  ~  ELAIDIN. 


:'»H»'0'.     (Boudet,   Ann.  Ch.  Phvs.  L  391.— Laurent 
Lnn.  Ch.  Pharm.  xxxv.  174.— Gottlieb,  ihid.  Ivii.  54.)— A 


boch  an  palm-oil,  linswd.oil.  See,,  by  their  specific  gravity,  iind  partly  alao  by  thftir 
different  rates  of  ejtjuuwion  by  heat.     The  indications  are  not  rerjr  exact. 

SX.JEOFTS17I!.  A  term  applied  to  thDmoR!  volatile  portion  of  a  natural  Mwntial 
oil,  tlie  other  portion,  which  solidifies  more  readily,  being  called  a  stearuptene  or  canpbor. 

B^JBOSACCBASlTM.  Oehvcker.—X  flnelv  triturated  miitore  of  rogar  with  a 
Tolatila  oil  (<t.  y.  oil  of  aoiae,  lemon,  &c  Etaxtsaecharum  anin,  eitri,  &e.).  Snch  mix- 
tures may  ha  prepared  by  rubbing  the  rind  of  lemona,  oranges,  dra,  or  the  fhiita  them- 
selves, on  loaf  sugiiT,  or  by  directly  mixing  the  aromatic aubstance  with  the  cmgar,  aa  in 
the  preparation  of  vanille. 

ELASSXV.  The  name  giren  by  Cherretil  to  the  more  fusible  eonstihieDt  at  the 
grease  of  aheep'a  wool,  in  which  it  is  associuttd  with  ste-arin.  It  ia  said  to  Mponiiy 
with  difficulty,  yielding  a  peculiar  acid,  ela«ric  acid.  Neither  tha  fiat  nor  the  acid 
haa  been  sufficiently  examined  to  est-abliah  its  separate  ideatity. 

B&AIC  A.OTD,    Syn.  with  Olkio  Acm. 

■KAZSIC  ACZS.     C** 

i^'rf,  Ijtv.  HS. — Meyer,  Ann. 

solid  isomeric  moditScation  of  oleic  acid,  produced  by  the  action  of  nitroua  acid.  It 
may  be  obtained  by  solidifying  olive  oil  with  vapour  of  nitrous  acid,  or  with  mer. 
curoua  ai!rate,  RAponifjing  the  solid  glyeeride  thus  obtained  (ekldin).  and  decompos- 
ing it  with  a  minerul  acid.  The  elai'dic  acid  thus  obtained  is,  however,  always  mors 
or  lees  contaminut'e<:l  with  margiirie  acid.  A  better  process  is  to  treat  pure  oUnc 
acid  with  nitrous  acid.  Elaiilic  acid  may  also  be  prepared  by  decompoeiing  oleate  of 
barium  with  a  quactity  of  fuming  nitric  acid,  exactly  aufficiont  to  unite  with  tbs 
baryta.  On  leaving  the  liquid  at  rest,  the  elai'dic  acid  rvsea  to  tbe  surface,  and  may  bs 
freed  from  nualtered  oleic  acid  by  pressure  between  bibulous  paper  and  eryataUiftOiao 
from  alcohol 

Elaidic  acid  melts  between  44*>  and  45°  C.  It  disaolres  readily  in  alcohol,  and  is 
deposited  from  the  coiieentrated  solution  iu  Ljininjc  resembling  benzoic  add ;  it  likevuie 
dissolvea  io  ethtr,  but  not  so  freely.  The  aobitions  have  an  acid  reaction.  Wlien  kept 
for  a  long  time  at  65'^  C.  it  ubNorba  oxygen,  acquires  a  disagreeable  odnar,  liquefies,  and 
is  then  no  longer  solidified  by  nitroua  acid,  Elnidie  acid  diatils  for  the  most  part  with- 
out alteration.  Treated  with  melting  p*>ta.ih  it  is  converted,  like  oleic  acid,  into 
acetate  and  palmltato  of  potastnom,  with  evolution  of  hydrogen  : 

C"H»0»  4-  2KH0  -  CIPKO'  +  C'«H"KO*  +  H». 

The  Elaidatss,  C"H'*M0',  are  iBomeric  with  the  oleates.  AH  the  neutral  elaidates 
are  insoluble  in  water,  only  the  nlkalina  aiiUa  containing  excess  of  alkali  being  (wlabls. 
An  excess  of  water  decompoBea  them,  precipit-titing  add  salts. 

Eiaidate  of  ammonium  crystaHisoa  in  scales  ;  it  is  sparingly  soluble  in  ether.     The 

?>t(U8ium-aalt  also  cryHtaUises  in  scales;  the  godiurn-talt  in  large  shining  leaflets, 
he  iHiritim-  and  /rffc'-8alt«  are  white  precipitatej.  The  »ilwr-salt,  C'*H"AgO*,  is  a 
white  prpcipitiite.  Bparingly  soluble  in  wat«r,  alcohol,  and  ether,  when  once  dried, 
easily  soluble  when  rfcentjy  precipitated.  It  disdolvea  easily  in  warm  aqUMUS  am- 
nioitia,  and  is  deposited  in  great  part  oa  cooling  in  small  prismatic  crystala. 

aXiArPlC  ETSKSIS.  (Laurent,  Ann.  Ch.  Phm  xzxt.  296.— Meyer.  Ana. 
Ch.  Pharm.  xxxv.  im.)—Ftaid(ite  of  Ethyl,  C'H^a^.CH*,  is  obtained  by  boilmg 
2  pta.  of  elai'dic  acid  with  1  pt  of  Bulpharic  acid  and  4  pts.  of  alcohol,  boiling  the  mix- 
ture, with  coljobation,  for  several  houre ;  alao  by  saturating  an  alcoholic  solntioa  of 
elmdic  acid  with  hydrochloric  add.  It  is  a  colourless  oil,  odourless  in  the  cold,  of 
Bpet'jfic  gravity  0  869  at  18'*C. '.  insoluble  in  water.  Alcohol  dissolves  abtint  1  of  its 
volume  of  it ;  ether  dissolves  it  in  all  proportions.  It  boils  a  little  above  310^*0.,  and 
disrihs  without  alteration,  according  to  Laurtrnt;  according  to  Meyer,  it  is  decomposed 
by  distillation.     Alkalis  in  alcoholic  solution  convert  it  into  an  alkaline  eLudat«. 

Ei a'ida U  of  Mrthjf  f,  C"H*Ol C H*.— Prepared  like  the  preceding  compound.  It 
is  an  oily  liquid  of  specific  gravibf  0*872  at  18°  C 

S&AJOiZV.  A  solid  isomeric  modification  of  olein,  produced  by  the  action  of 
nitrous  acid  (or  uf  nitric  acid  in  contact  withmereary)  oo  olein;  fuming  nitric  acid  also 
solidifies  oloin  after  some  time,  but  an  excess  of  the  arid  hinders  the  solidification. 
Eluidin,  like  oloin,  has  never  been  obtained  sufficiently  pure  for  analysis,  being  alwaj-s 
eontaminmted  with  margarin,  and  an  oily  subHtonce  which  is  reddened  by  potash.  It 
may  be  purified  to  a  certain  extent  by  dissolving  it  in  ether,  cooling  the  solution  to 
0°  C.,  and  washing  the  d«po8it  with  ether.  Elafdin  thus  prepared  Ixtaia  oonsidembU 
reaeinbliince  to  stearin,  and  according  to  Meyer's  analysis  (Ann.  Ch.  Pharm.  xxxv, 
178),  which  gave  77*3  per  cent,  carbon  and  12-0  hydrogen,  may  be  regarded  as  trj. 
•  laid in,  C"H'«0«  =  C*EH)*  (glycerin)  +  »C«H«0»  (ehudic  add)  -  SliK)  (cak 
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T-TS  carlton,  and  11 7  hydrogen V  It  melta  at  82«  C,  U  nearly  insoluble  in  alcohol, 
bat  diaaolwa  readily  in  other.  By  dry  diitiUatio&  it  yields  aorolein,  eliudic  acid,  and 
hydrocarbons. 

Elaidia  is  saponified  by  alkali^  yielding  gljceria  and  a  salt  of  elaidic  add.  The 
Umgtimtupi  otyffeMttttm  and  U.  citrinum  of  the  phannacopoBiss,  prepared  from  ho{fs 
laid  with  nitnc  acid,  contain  impure  claidin. 

WEtAXm*    Syn.  with  Ouem. 

2x>AZV-PHOBPHO&lC  ACm.    Syn.  with  Olxopbosphoiuc  Acto. 

BXtA.Zir«ST7&PaTrKZC  ACS>.     Syn.  with  OLEOBiTLFHirBic  orStrtx>HOL«c  AciO. 

eXpAXODZC  AOXS.     Syn.  with  Ricinouuc  Acm. 

SZiilZOMEXEK.  Berjofs  name  for  a  percolating  apparatus,  in  which  he  ex- 
hausts oily  seeds  with  fulplude  of  carboa,  in  order  to  determine  the  quantity  of  oil 
eontaiDed  in  them,  by  cvaporn^ting  the  sulphide  of  curbon  and  weighing  the  oil  which 
remains.     (Rip.  Chi'm.  npp.  ii  160.) 

WXUkMtBWMTOM,  A  ss'.id  isomeric  modification  of  aldehyde  (L  1U9).  Lieben 
(Ann.  Ch.  rirnrm.  Snppl.  Bd.  L  Hi)  has  sbowD  that  a  similar  modification  may  la 
obtained  by  treating  aldehyde  with  iodide  of  ethyL 

SXpAOVB.     Syn.  with  OuiOMi. 

EXiASMoSIi.    Syn.  with  FoLiarBD  Tsuxuivu.    (See  TEttcittvM.) 

axOLSTZC  BXTtTMSXr.     Syn.  with  Elatebtts. 


BTZC  TZ&StTB.  (Lehmann,  Phyaiolofffcal  Ch^miftn/,  tii.  49;  also  Gmf/iu's 
Handbufk,  riii.  459.  Handw.  d.  Chem.  2'«  Aufl.  ii.  [3]  687.)^  The  elementary  fibres 
of  this  tissue  are  somewhat  ext^n«ivdy  distributed  in  the  animal  organism,  tboagh 
they  never  occur  indf'pendently  of  other  hlRtological  elements.  They  are  most  com- 
monly found  intermixed  with  the  tibres  of  the  connective  tissue,  very  frequently  also 
with  smooth  muwulftr  fibres.  They  oocur  in  the  yellow  elastic  ligaments,  as  in  the 
Lifftmtenta  fiava  of  the  vertt-bml  rolumn,  the  inferior  vocal  chorda,  the  Ligamentum 
nueli»  or  neck-band  of  maramals,  the  elastic  ligaments  of  the  claws  of  the  felidie,  and 
the  hinge- ligament  of  bivalrp.x.  Large  groups  of  elastic  fibres  connected  into  mem- 
branous sheaths  ure  met  with  in  the  fatcut  lata  and  in  the  middle  coat*  of  the  arteries 
and  veins.  Smnller  nocumuktions  of  these  fibres  occur  in  many  other  psrts,  as,  for 
instance,  in  the  corinm,  and  under  the  raucous  membrane,  more  especially  in  the 
phaiynz.  the  pylorus,  ctecum,  &c  The  diameter  of  the  elastic  fibres  varies  consider- 
ably in  different  ports  ;  thus,  in  the  serous  membrani^s,  they  are  so  fine  as  not  to  admit 
of  exact  measurement,  whereas  in  the  neclc-band  of  some  animsls,  they  have  a 
diameter  of  0-004'",  and  in  tJie  t-outinga  of  the  arterie*  they  are  stiO  broader. 

The  chemical  basis  of  the  elastic  tissue,  the  so-called  el  as  tin,  as  obtained  by  boiling 
the  tissne  with  alcohol,  ether,  water,  strong  acetic  acid  and  dilnte  pot,iah-fey,  then 
with  water,  moderately  strong  hydrochloric  acid,  and  apaln  with  water, — is  a  brittle, 
yellowish,  dj.>tinetly  fibrous  moss,  which  when  immersed  in  water,  dilate  ammonia  or 
acetic  acid,  swells  up  and  recovers  its  cliisticity  completely.  It  is  quite  insoluble 
in  water,  even  after  several  days'  boiling,  thereby  differing  essentially  from  the  true 
connective  tissue,  which  is  converted  into  gelatin  by  boiling  with  water.  Elastin  is 
likewise  insoluble  in  slcohcl,  ether,  and  acetic  acid.  Strong  potash-ley  di.'wolrea  it 
with  brownish  colour :  the  solution,  neutralised  with  sulphuric  acid,  does  not  gelatinise 
on  evaporation,  and  is  not  precipitated  by  any  acid  excepting  tannic  acid.  Elastia 
p>epared  as  above  bums  without  residue  on  platinum  foil,  and  is  free  from  sulphur. 
when  boiled  for  some  time  with  sulphuric  acid,  it  yields  leucine. 

Pttrtfled  elastic  tissue  from  the  neck>band  of  the  horse  has  been  analysed  by  Tilanus 
and  W.  Muller,  with  the  foUowing  results  : 


TiUniii. 


W.  MCillflr. 


Carlton 
Hydrogen 
Nitrogen 
"  Oxygen 


,     54-90  65-65  65-47  55-72  55  65  65-09 

7-25  7-41  7-54  7  67  711  733 

17  52  17'74  16-09  16-71  16  62  16-43 

20  33  19-20  20-90  20  90  20-82  2115 

lOO'OO  10000  100-00  lOO-OO  100-00  lOO-OO 


■X.ABTZCXTT  is  the  power  posjsessed  by  many  bodies  of  recovering  their  originid 
■hape  and  sixe,  as  soon  as  the  extprnuJ  forccti  which  eltored  them  have  ceased  to  act. 
There  is  perhaps  no  uubslancc  in  which  tlii-<«  power  is  altogether  absent,  but  in  som* 
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bcMliea,  moist  day  for  example,  it  exieta  in  ho  slif^ht  a  degree  that  for  aU  practical 
|mrpo«M,  they  mujr  be  regarded  aa  ii)elasti&  The  eliiaticitv  of  a  body  is  perfect  or 
imperfpct,  according  oa  it  recorera  its  original  shape  and  sue  wholly  or  partial^  en 
the  remoTal  of  the  diaturbing  force. 

Elasticity  of  Ga»t$. — OaMB  not  only  yield  to  prpssure  and  expand  to  their  origioal 
bulk  OD  the  removal  of  that  preaaure,  but  their  particles  exhibit  a  constant  t«Dd«iiey 
to  fly  asunder,  so  that  a  gas  exerts  a  constant  pressore  agiunst  the  aidos  of  tha  tmmI  ia 
which  it  is  enclosed. 

The  elastic  force  of  a  goa  is  measared  by  the  pressure  which  it  is  capable  of 
austaining.  or  by  the  pressaro  required  to  keep' it  within  a  given  toIutiip.  Obserratioii 
shows  that  the  elastic  force  of  the  air  at  the  earth's  surface  \b  capable  of  auataimng  ■ 
column  of  mer«.'ury  of  the  average  height  of  tJiirty  inches,  which  ia  equivalent  to  a 
waight  of  about  fourteen  pounds  on  the  square  inch ;  more  exactly,  when  the  height  of 
the  barometric  column  reduced  to  0^  C.  is  730  millimetnt,  the  pressure  on  a  tquai« 
metre  is  0-760  k  1000  x  13-593  -  10333  kilogrammei,  or  1-0333  kilogrammes  on  • 
square  centimetre. 

To  measure  the  elastic  force  of  a  quantity  of  air  in  an  enclosed  space,  the  open  end 
of  a  barometer-tube  is  connect'ed  with  this  space,  as  in  the  baromoter^gange  of  the 
air-pump.  If  thfl  gas  is  confined  by  a  liquid,  as  in  a  jar  standing  over  water  or 
ni#Tcary,  the  difference  of  lord  of  the  liquid  without  and  within  the  tnbe  mart  ba 
taken  into  account.   This  diflerence  of  level  must  be  reduced  to  its  equivalent  in  meremr 

,by  multiplying  by       ^  ^  {d  being  the  specific  gravity  of  the  liquid,  and  13-596  that 

of  mercury),  and  the  iiroduet  added  to  or  subtracted  from  the  height  of  the  barometer, 
a^ording  as  the  level  of  the  liquid  within  the  ga*-jar  is  below  or  above  that  without 
If  the  gas  stands  over  mercury,  the  preceding  &ctor  is  reduced  to  1 ;  if  over  water,  il 

"  13^  -  »"""'• 

The  elastic  force  of  a  gas  at  a  given  temperature  vanes  lavenely  aa  its  volume.  Tliii 
bw,  cttUed  Bcnrte's  or  Mariotte's  taw,  has  beeu  demoa»trated  experimentally  up  to 
pressttrea  eaual  to  twenty-seven  times  the  ordinary  pressure  of  the  atmosphere,  for 
gases  capable  of  bearing  that  pressure  without  liquefaction.  At  pressures  near  (lies* 
at  which  liquefaction  takes  place,  the  elaatieity  doea  not  vary  in  the  exact  inrene  ratio 
of  the  volume. 

Etatticity  of  Liquids. — Liquids  when  subjected  to  pressure  undergo  a  certain  dimi- 
BUtion  of  volume,  and  return  to  their  origijial  volume  when  the  pressure  is  removed 
The  contraction  produced  even  by  very  great  pressures,  is,  however,  very  amail,  a&d 
eonsequently  liquids  were  for  a  long  time  supposed  to  be  absolutely  incompressible i 
this  conclusion  was,  moreover,  supposed  to  be  directly  established  by  certain  experi- 
ments made  by  the  Florentine  Academicians  ia  the  seventeenth  century,  in  ^ch 
closed  metallic  vessels  completely  filled  with  liquids  were  subjected  to  strong  preaeor* 
er  hammering;  the  vessels  became  cracked  and  the  liquid  oozed  out^  and  Uus  wss 
regarded  as  a  proof  of  its  incompressibility.  Canton  in  1761  first  attacked  the  pcoblea 
in  the  right  way,  by  subjecting  bquida  La  thermometer-shaped  vessels  to  strong  piesiuie 
under  the  receiver  of  a  condensing  pump.  These  experiments  established  the  fiiet  of 
the  campreAMibility  of  liquids,  and  subsequent  researches  by  Perkins  (Gilb.  Ana 
Ixxii.  173;  Pogg.  Ann.  ix.  647).  by  Oersted  (Ann.  Ch.  Phya.  [2]  iiii.  190),  and  by 
Colladon  and  Sturm  (Pogg.  Ann.  xii.  39),  made  with  somewhat  similar  apparatus 
afforded  furthiT  proof  of  the  eompressioo,  and  dcti^rmincd  its  amount  for  several 
liquids.  Subsequently  experiments  were  made  by  Aim^  (Anu.  Ch.  Phya.  [3]  viiL 
257)  on  the  coast  of  Algeria,  by  sinking  thermometer-shaped  vessels,  attached  to  cord*, 
in  the  seu,  by  which  they  were  subjected  to  a  pressure  of  200  atmospherres. 

Regnault  oaa  also  made  experiment!*  on  the  compressibility  of  liquids  by  meaoi  of 
an  instrument  called  a  pietomcter,  consieting  of  a  vessel  like  a  thermometer  with  a 
cylindrical  bulb  and  a  graduated  stem  to  hold  the  liquid ;  this  vessel  was  enclosed  in 
a  stroug  vessel  filled  with  water,  and  having  a  piston  working  water-tight  in  ita  neck,  to 
eommunicate  the  pressure,  and  the  whole  was  enclosed  in  a  laiger  vessel  of  water  to  k«ee 
the  temperature  constant.  In  these  experiments,  the  compression  of  the  glaas-vesM 
was  directly  determined,  whereas  former  observers  had  aetermined  this  point  fnan 
other  observations,  and  not  always  with  the  same  kind  of  glass.  Lastly,  Grass i 
(Amu  CL  Phys.  [3]  xxxi.  437)  has  continued  these  experiments  with  the  same 
apparatus,  but  using  a  more  exact  method  of  determining  the  compression  of  the  glass 
Tessel. 

The  following  table  gives  the  compressibility  of  several  liquids,  as  determine*!  by 
Grassi ;  the  nmraber  for  mercury  is  calculuted  from  Hej^nault's  experiments.  Th* 
column  headed  "  compressibility  "  shows  the  diminution  iu  volume  of  a  umt-votunip 
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of  the  liquid  when  the  preMure  upon  it  is  increased  bj  1  atmosphere.  The  column 
headed  "pressore  in  atmospheies"  shows  the  pressnre  to  which  the  liqoid  was  actually 
aabjeeted ;  where  blanks  are  left  in  this  column,  the  superadded  pressure  was  equal  to 

1  StBMM|MieML 


Comfre$nbaity  of  Liqmds  (  Gratti^ 


Liquid. 

Temperature. 

Coo^rMilbUitr. 

Preuare  in 
■ttiKMpheras. 

Mnruiy 

O-OO 

000000295 

WatCT  . 

0*0 

0-0000508 

•t 

1-5 

0-0000515 

» 

4-1 

0*0000499 

;y 

10-8 

0*0000480 

.n 

13-4 

0-0000477 

♦^ 

18-0 

0-0000468 

)9 

•        • 

0-0000460 

♦» 

25-0 

0*0000456 

t> 

84-5 

0-0000453 

•» 

43-0 

0*0000442 

•»          « 

53-U 

0*0000441 

YtMT     , 

00 

000011 1 

8-408 

ft 

0-0 

0000131 

7*820 

It 

14-0 

0*000140 

1-580 

n          • 

13-8 

0-000153 

8-862 

Alcohol  (ahtolitte). 

7-3 

0*0000828 

2*802 

ti                   n           • 

7-3 

0-0000858 

9*450 

M                          M 

181 

00000904 

1-570 

t«                   It           < 

181 

00000991 

8*970 

Wood-nnrit  . 
CfaJorororm    . 

13-5 
8*5 

00000913 
0-0000625 

7-000 
1-267 

M                        •               • 

12-0 

0-0000648 

1*309 

II                        •               • 

12*5 

00000763 

9-200 

GaCl-wlntion:  28-049  p.  e.  salt 

17-5 

00000306 

„        „          40-99      „      „ 

15*8 

00000*206 

40-99      „      „ 

41*25 

0-0000229 

NaCl-sohition :  24-004  p.  &  salt     . 

18*1 

00000257 

I*        tt          24*004     „       „        . 

89-6 

0*0000263 

„        „          15*323     ,.      „ 

18*5 

00000321 

KI-«ohition :  68  67  p.  e.  salt 

15*5 
18-1 

00000260 
0*00<M»29o 

Na«(X>"-flolution:  17*185  p.  c.  salt . 

16-6 

000OO297 

Searwater 

17*5 

00000437 

B>BO*  +    H»0     .... 

13*6 

00000242 

Ht80«  +  2H«0     .       .       .       . 

14*6 

0*0000250 

ffBO*  +  8HK)     .... 

16*5 

0*0000271 

H«SO«  +  4H«0     .... 

14*7 

00000279 

H  S0«  +  6H«0     .... 

14-2 

00000283 

H«SO«  +  9HK)     .... 

H6 

00000315 

The  con^piressibility  of  mercuiy,  according  to  the  older  mode  of  calculation,  is 
<N)00008517;  the  compressibility  of  de-aerated  water  at  a  given  temperature  is  proper- 
tional  to  the  pressure ;  the  same  is  true  for  saline  solutions  and  dilute  sulphuric  acid. 
Ib  ether,  alcohol,  wood-spirit,  and  chloroform,  the  amount  of  compression  increases 
■um  rapid^  than  the  pressure.  In  different  solutions  of  the  same  salt,  the  compres- 
nbility  u  smaller  as  the  quantity  of  salt  dissolved  is  greater.  The  compressibility  of 
water  decreases  with  rise  of  temperature  ;  that  of  ether  and  of  alcohol  increases  with  the 
temperature.  Water  appears  to  exhibit  a  maximum  of  compressibility  between  0° 
axMl  4-1  C. 

The  following  table  contains  the  results  obtained  by  Colladon  and  Sturm  and  by 
Aimi ;  they  acree  very  nearly  with  the  preceding,  excepting  in  the  oa-e  of  mneaij. 
Aeoofding  to  Colladon  and  Sturm,  however,  the  compressibility  of  alcohol  and  ether 
decfMses  as  the  temperature  rises. 
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(hmprembUity  ofLiguidt  {floOadon  and  Stimm  Jimty. 


Liquid. 


Prwtare. 


ConprMtibility, 


Mercury  »t  O*' C. 

12-60C.     . 
Water  at  0*>  C,  free  from  air 

„        „      contHining  air       . 
Water,  8w«et,  at  126° C.     . 
Sea-water  at  12-6°  C.   . 
Water  saturated  with  ammoma  at  10°  OL 


Acetic  acid  at  O*'  C.      .        .        . 
Acetic  acid  of  Oe"  B,  at  12-6o  0.  . 
Nitric  acid,  spec  gray.  1-403,  at  0°  C. 
Solphoric  acid,  concentrated,  at  0°  C 

Oxalie  add,  saturated,  at  11<>  C.   . 
Hydrochloric  acid  of  23°  B.  at  12*6°  C. 
Ammonia  at  12-6°  C.    . 
Sulphate  of  sodium,  13*8°  B. 
Alcohol  (spec.  grav.  ?  )  at  1 1-6°  0. 
11-6°  C. 
11-6°  C, 
Alcohol  of  32°  B.  at  12-6«  C. 
AIcoholof40°B.  atl2-««>a 
Ether  at  0°C.      . 

„        O^C.      .        . 

„        11-40C. 

„        11-4°  C. 
Nitrous  ether  at  0«  C.  . 
Chloride  of  ethyl  at  ll-2«  C. 
11-30C. 
Acetic  ether  at  O^C.     . 

„      o°a    .      , 

Oil  of  turpentine  at  0°  0.      , 
(PC. 
impure  at  12-60  0. 
Naphtha  at  1 2-6°  C.     . 


Atnoiph, 


1—24 
2—6 


1—4 

4—16 

4—16 

1—3*2 
1—16 


1—8 

8—16 

16—24 


1—12 
12—24 
1—12 
12—24 
1—24 
1—12 
6—12 
1—8 
8—16 

4—16 


O-OO00O608 

0-0000040 

0H)000518 

0-0000605 

0-0000602 

0-0000418 

0*0000880 

0*0000860 

0-0000422 

0-0000612 

0-0000322 

00000320 

00000332 

0*0000479 

0*0000482 

00000376 

00000444 

00000962 

00000936 

00000890 

0-0000682 

00000996 

00001330 

00001220 

00001600 

00001410 

00000715 

0-0000869 

000008-23 

00000793 

0-0000713 

0-0000884 

00000730 

00000667 

00000766 


Canda 

Aimi. 
Canda 

CalUs. 


AJank, 
C.  and& 

Aim^ 


C.  and& 

Aim& 
C.  and  S. 


AimL 


EUmticity  of  Solids. — The  phenomena  of  elasticity  in  solid  bodies  are  much  more 
eomplicatticl  than  in  liquids  or  in  gases.  Solids  can  be  extended  as  well  aa  compressed, 
or  tney  may  be  compressed  in  one  direction  and  at  the  same  time  stretched  in  anotlxr, 
as  when  a  rod  or  plate  ia  bent ;  and  lastly  they  mu^  be  twisted,  which  eflfoct  may  take 
place  with  or  without  compression  or  extension.  When  the  alteration  in  size  or  form 
of  a  solid  body  ia  not  carried  beyond  a  certain  limit,  different  for  each  body,  tbe 
particles  return  exactly  into  their  tormer  relatiTe  positions  on  the  removal  of  the  dis- 
turbing force;  in  other  words,  within  this  limit  of  elasticity,  the  body  is  perfectly 
elastic.  Beyond  this  limit,  the  alteration  of  form  or  sice  is  more  or  less  permanent,  the 
molecules  of  the  body  no  longer  returning  exactly  to  their  former  relatiTe  poaitions,  sa 
in  malleable  and  ductile  bodies,  which  retain  whatever  form  is  given  them  by  tHrcatg 
pressure  or  hammering. 

For  some  kinds  of  iron,  the  limit  of  elasticity  corresponds  to  a  tension  of  about 
14  kflogrammes  for  each  square  millimetre  of  the  transvene  section ;  for  other  kisda, 
about  20  kilogrammes.  If  a  bar  or  wire  of  iron  be  stretched  by  a  force  less  than  this, 
the  extension  is  found  to  be  proportional  to  tbe  stretching  force  applied ;  beyond  this 
limit,  the  extension  increases  more  rapidly  than  in  the  direct  ratio  of  the  force,  tiie 
wire  becoming  permanently  stretched ;  and  when  the  tension  is  increased  to  about 
40  kilogrammes  per  square  millimetre,  the  wire  breaks.  Other  metals  exhibit  similar 
relations. 

The  coefficient  of  elasticity  is  the  extension  produced  on  the  unit  of  Ic-ngth,  bj 
the  unit  of  tension  exerted  upon  the  unit  of  transverse  section ;  the  reciprocal  of 
this  number  is  culled  the  modulus  of  elasticity.     Suppose  a  prismatic  rod  whose 
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length  is  t  und  tnuBrerse  sectioa  c»  to  rvceire  th«  eloiig»Uon  T  by  s  fon^  F,  withia 

P 

the  limit  of  eUftici^,  palling  in  the  direction  ot  its  length ;  then  —  ia  the  tenaioo  «x- 

o 

«rted  on  the  tTuurerse  Mction  1,  andy  the  elongation  produced  by  this  force  in  the 

length  L     Conacqucotly  .  :  -  —  r?;  is  the  coefficient  of  eluticity,  and  «-     the    mo- 

dulu  of  elasticity  of  the  rod.     If  the  moduliu  b«  denoted  by  E^  the  elongation  a  pro- 

S 
doced  by  the  Btretching  force  S  on  the  tninsrene  acctioa  1  wiU  be  a  ^  -r»,  or  if  t  be 

th«  eoefflctent  of  elasticity,  a  »  St.    The  length  of  the  rod  being /,  the  elongation 

of  the  rod  by  the  teiwion  5  (or  ■— )  ia  la;  eonaeqoently  T^/a  —  t  —  ~"c> 

Stmilar  formulae  apply  to  the  caae  of  compreasioa ;  E  and  F  have  th«n  the  same 
vslnes  u  for  teoaion,  bat  the  modulius  of  ckaticlty  vill  perhapa  have  a  different  valn«. 
Ths  equation  Ea  —  S  ahova  that  the  modulua  of  elasticity  ia  the  temnon  which  would 
produce  the  unit  of  elongation,  that  is  to  aay,  would  stretch  the  rod  to  twice  ita 
primitive  length,  auppoein^  that  it  would  couform  to  the  laws  of  eUaticity  up  to 
tl):tt  limit,  instead  of  breaking,  aa  moat  bodies  would  do,  long  before.  The  only  aab- 
Kttiiice  that  will  bear  auch  an  amount  of  tenaioo  without  diamption  ia  vulcanised 
caontchuuc. 

The  following  table  girea  the  moduli  of  elaatieity,  ezpreased  in  kilogrammea,  for  a 
tnuiarerse  eection  of  1  aquore  millimi'tre,  of  certain  metal*  and  aUoya.  The  oumbcra 
in  the  but  two  oolunutf  wen  not  obtained  with  the  same  wirea  aa  thoae  in  the  fint 
thr»e. 


I 


Sprclflc 

Modului  ot  EUicieit/. 

Vame  of  metal. 

or  the  tniwaled  nieul. 

Of  tli«  uiw/in«al«d 
mctaL 

At  1S«-J0»  C 

it  100»C. 

at  300°  C. 

JUtO°C. 

«t-lft»C. 

Lwd    . 

Gold  (pare)  . 

Silver  (pore) 

Palladium    . 

Copper 

Platinum 

Iron 

Iron»wirB      , 

Cast-steel     . 

Sfrrl-wire  fEngliah) 

Steel  wire  (tempered  bl 

ue)    . 

11-232 

18  035 

10-304 

11-225 

8-936 

21-083 

7-767 

7-553 

7-719 

7-622 

7-420 

8-247 

1727 
5586 
7146 

9789 
10519     , 
15518 
20794 

19561 
17278 

*        • 

1630 
5408 
7274 

*9827 
14178 

21877 
19985 
19014 
-21292 
18977 

5482 
6374 

'7862 
12964 
17700 

17926 
19278 

8603 

7411 

10289 

12200 

15047 

18613 

18045 
9005 

'9351 
78W 
10659 
13052 
16224 

*1771.< 

17890 
9782 

The  modulus  of  olaaticity  of  an  alloy  ia  nearly  the  ntoan  between  tboae  of  the  com- 
ponent metals.  The  paaaage  of  an  electric  current  tiomewhat  diminiBbea  the  modulus 
of  elaatieity  of  a  metai  (independently  of  the  diminution  conitequent  an  the  rise  of 
tempemture,  produced  at  the  aame  time),  the  efitxt  ceuaing,  however,  with  the  paaaa^a 
of  the  correnL     (Wertheim.) 

Crystalliard  bodiea  not  belonging  to  the  regular  aystem  exhibit  different  degrees  of 
elasticity  in  different  directions. 

BLATlOtXir.  A  substance  contained  in  the  fruit  of  the  spirting  cucumber 
(Mamordica  EluU  rium),  whence  it  may  be  extracted  by  boiling  alcohol,  and  purified  by 
precipitation  with  wat<>r.  washing  with  ether,  and  recryKtuliisalion  from  hot  alcoboL 
It  fbnns  colonrleas  hexagonal  tabl«>a,  fusible,  decomposible  by  heat,  insoluble  in  water, 
sparingly  soluble  in  ether,  very  soluble  in  alcohol  It  dissolves  in  sulphuric  add, 
tbrming'  a  red  liquid,  which,  when  diluted  with  water,  deposits  a  brown  substance!. 
Nitric  acid  dissolves  eUterin  without  altcrntion.  E]at«>rin  is  prceipitjited  from  its 
alcoholic  solution  by  acetate  of  lead  and  nitrate  of  silver.  Ttdcen  internally,  it  acts  aa 
hb  emetic  and  as  a  purgative.     It  gives  by  analysia  69*23  to  69*49  p.  c  carbon,  and 
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8-23  to  8'2l  hydrogai, agrwsing  nearly  vrith  the  empirical  formula  CP'H'*0*.  (Z  w  e n  ger, 
Ann.  Ch.  rharm.  xliiL  359.) 

E&ATSXZTB.  Efatiie  bitumen.  Mineral  eaauickoue.  A  fossil  reria  reecn- 
Lling  naphdlt,  occurring  in  aott,  flexilile,  somewhat  elastic  jdass^h,  at  Costleton  lo 
Derbyshire,  in  a  coal  mini*  at  Mnntrelais  new  NaDt<?fl  at  the  dfpth  of  230  feel,  aLto  at 
Keufchat*i  and  on  the  island  of  Zante.  Specific  gravity  of  the  Derbyshire  rariety 
==  0W&3  to  [-233.  Lostro,  re^nous.  Colour,  bUckiiih-brown  of  rarioua  shades 
Suh  translucent,  aometimtta  exhibiting  a  dark  orango-red  colour  by  transmitted  hfjliL 
It  tak^  fire  readily,  and  burns  with  a  lively  yellow  flame,  emitting  a  bituminous  odour. 
According  to  Johnaton  (FhiL  Mag.  1638,  July  23),  it  ia  a  hydrocarbon  oontainiag 
837— 85-6  carbon,  and  12  6— 13-28  hytirogen.  Henry  (Ann.  PhiL  1826,  p.  70),  on  the 
other  hand,  found  frora  3675  to  40'10  oxygen,  whence  Rammelsberg  {Mtnrral- 
chtmit^  p.  966)  oondudes  that  it  consiata  mumly  of  a  hydrocarbon  OH**,  but  miud 
with  an  0]^genated  compound. 

SXATEKXUM.  The  extract  obtained  by  eraporating  the  juice  of  the  fresh  trut 
of  the  spirting  cucumber  {M&mordica  Eiaterium).  It  has  a  greenish  or  gzeOD-biown 
colour,  a  sharp  bitter  taste,  and  acts  as  a  drastic  purgative  and  an  emetic.  It  eon* 
tains  elaterin,  togi'ther  with  starch,  reda,  && 

stA,TSXW.  An  oily  body  produced  by  tho  action  of  amToonia  and  sulphur  on 
«i?otkiije,  and  pHOsing  over  oa  diatillation  between  12(F  and  200°  C.  (Zeise,  Ana.  CL 
Phurm.  ilvii.  13.) 

B&A.TZV.    Syn.  with  Eiatuix. 

S^ATXi,      .*>vn.  with  ETHrLEKB. 
CI.ECA.Mmar.     Syn,  with  Drr^w. 

S^BCTftlcZTT.      (Robison's   Mechanical   FkU^ophy,   edited   by   Brewster, 

London,  1822,  iv.  1.  — Roget^  Library  of  Ua^fui  Knowledge:  Natural  PhilogopAff,  toL 
iu  London,  1828.  —  Becquerel,  TVaiti  txpirimeiital  der^eetriciii  tt  du  Moffultitmr, 
7  tome*.  Paris,  1834-1840.— Faraday,  Experimental  Seerarvhte  in  Stetriaity,  8  voL. 
London,  1839-1855. —J.  Miillcr.  Lthrbuch  der  P/tysik  und  Mcteorologir,  2  Bande. 
Braunschweig,  18S3.  Bd.  iL  S.  61.— P.  T.  Riees,  DieLchre  drr  Rnbunqs-eltetritHtat, 
SBiada.  Berlin,  1853.— De  la  Rive,  TraiU  <t ^tricUi  tlUortqui «t  appti^t. 
1  tomea,  Paris,  1 654-1858. 

The  phenomena  disphiyed  by  rubbing  a  piece  of  amber,  constitute  one  of  the  earliest 
physical  facta  recorded  in  tho  history  of  science.  Tbalea,  of  Miletua,  ascribed  it« 
niy(iteriou8  power  of  attruL-ting  and  repelling  light  bodies  to  an  inherent  sool  or  es* 
B^nw,  which,  awnkeued  by  frictian,  went  forth  and  brought  back  the  small  pardcka 
floating  around.  In  times  near  to  our  own,  the  same  hypotheais  was  reaorted  to  by 
Robert  Boyle.  From  li\*Krpov,  the  Oroek  name  of  amber,  the  name  "electricity" 
has  been  applied  to  the  Ecifnca  mhioh  invpstigutea  the  attractions  and  repulsioai^ 
tlie  emission  of  light,  explosions,  and  h  Turii  ty  of  physii^al  and  chemical  phenomena, 
which  are  produced,  not  only  by  the  friction  of  vitreous,  reainoua,  and  mvtamc  surfaca^ 
but  by  various  other  modes  of  mcchaniral  diBturbance,  by  heat,  by  chemical  aetia^ 
and  by  magnetism. 

If  we  ruh  a  glass  tube  with  a  dry  hand  or  a  silk  haudkeichief,  and  then  appNidl 
it  to  bits  of  paper  or  cotton,  feathers,  gold  leaf,  it  will  first  attract  thesa  bodies,  and 
then  repel  them.  If  the  tube  be  held  parallel  to  a  table  on  which  they  have  been  laid, 
an  electrical  donee  will  be  performed. 

In  a  dark  room.  Sashes  of  bluish  light  will  be  seen  to  play  about  the  sor&oe  of  tlw 
tube,  while  it  is  l«ing  rubbed,  and  on  approaching  the  knuckle  to  it,  a  spark  will  pan 
between  the  two,  accompanied  by  a  snftppiug  tioiso: 

If  to  the  farther  end  of  tho  tube  we  hang  a  brass  baU,  by  a  thread  of  linen,  hemp,  « 
a  metallic  wire,  the  ball  will  participate  with  the  rubbed  tube  in  its  attractive  pow«n. 
But  if  the  ball  be  suspended  by  a  cord  of  silk,  worsted,  or  hair,  or  by  a  rod  of  glaia, 
wax,  or  pitch,  the  attractive  and  repulsive  virtue  will  not  pass  into  it.' 

This  last  experiment  shows  that  the  electric  power,  when  devejoped,  pa<«sc«  easilv 
through  some  bodies  and  not  through  others.  The  former  are  called  conductors  of 
electricity;  the  latter  non-conductors,  or  insulators.  These  last  terms  must  so^ 
howi^ver,  be  taken  in  their  absolute  sense ;  there  is  no  known  body  which  is  absolutely 
destitute  of  the  power  of  conducting  electricity ;  in  fact,  there  is  a  regular  gradation  of 
power  from  the  best  conductors  to  the  worst 

1.  The  following  is  a  list  of  conductors  of  electricity — that  is  to  sav,  of  bodin 
through  which  tb«t  power  passes  without  much  resistance — arranged  in  tke  order  id 
Xhcir  conducting  power,  the  best  conductors  standing  at  the  head  of  the  list. 
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Thsi 


Strong  aeida 
Soot  and  lAmp-lilflick 
Metallic  ores 
Mfftdlic  oxidea 
Dilute  adds 
fialiiie  aoIutioDB 

y^niTntil  floidi 

Sea-water 


Raufwatw 

lofr  and  now  abova  0°  F. 

laving  Tc^etablM 

living  ammalc 

Flame 

Smoke 

Vapoor 

Salta 

Barefied  air 

DrjrMTtlui 

MaanTc  minerala. 


The  metaU  differ  greatly  among  thcmBelre*  in  oondacting  power :  the  methodj  o£ 
catimating  their  rektive  conducting  powers  will  be  described  hereaft«r. 

2.  The  foHowiDg  ia  a  liat  of  electrical  non^condaetori,  in  the  inrene  order  ol 
their  Loaulating  power :  — 


Dnr  metallic  oxidea,  inelnding  Aued  al- 
kaline and  earthy  hydrates 
OiUi  of  which  the  denseat  are  beat 
Ice  below  0*»  of  Fahr. 
Fhofphoras 
Dry  chalk  and  Hme 
Lyeopodium 
Caoutchouc 
CiuDphor 

MoaaiTe  minerals,  non-metallic 
Harble 
Porcelain 

Baked  wood,  and  dried  regetablea 
Dry  paper,  parchment,,  and  leather 


Drygaaefl 

Wool,  hair,  and  feathers 

Bved  Bilk 

Bleached  ailk 

Bawailk 

Glass,  and  all  Titrifled  bodies,  compre- 
hending diamond  and  ciystalUaed  tranz- 
parent  minnala 

Asphaltom 

War 

Sulphur 

Besins,  including  gutta  pereha 

Amber 

Shellac. 


Gatta  percha  possesses  rery  great  insulating  power,  bat  its  place  in  the  Hat  has  not 
been  determined  with  certainty ;  indeed  its  insulating  newer  yaries  conaideFably  with 
it*  quality.     Gun-cotton  and  collodion  are  likewise  ezceUent  insulatora. 

All  bo^ea  are  capable  of  becoming  electric  by  friction  ;  but  to  enable  a  conducting 
body  to  exhibit  tlu9  power  when  excited,  it  must  be  insulated^  that  is  to  say,  cnt  off 
from  electric  communication  with  the  ground  :  thus,  if  we  hold  a  brass  rod  in  the  hand 
and  rub  it,  no  signs  of  electricity  will  be  apparent,  because  the  electricity,  as  fast  as  it 
is  dcTfloped,  paases  along  the  rod  into  the  hand  which  holds  it.  thence  thronsh  the 
body,  which  is  made  of  conduct iag  materials,  into  the  ground,  where  it  is  loet  by  dif- 
fusion ;  but  if  a  metal  cylinder  be  sanported  on  a  atem  of  glaas^  gutta-percha,  or  ahel- 
lac,  or  BQipeoded  by  silk  cords,  and  tnen  robbed  with  flanoel  or  beaten  with  a  cat-skin, 
it  will  acquire  the  property  of  attracting  light  bodies. 

It  was  formerly  supposed  that  conductimg  bodiea  could  not  be  exrited  by  friction : 
hence  they  were  called  non-electrica,  non-coaducting  bodiea  bein^  caltedelectrica; 
the  latter  term  ia  still  often  applied  to  bodiea,  like  ^ass  and  ehelloc,  which  are  the 
most  raaily  excited  by  friction. 

When  an  excited  electric  ia  brought  in  contact  with  another  non-conducting  body, 
the  part  of  the  Utter  touched  by  the  excited  body  becomea  electrical,  but  the  power 
does  not  spread  OTcr  its  surfRce:  but  when  one  point  of  ao  insulated  metal  rod  or  ball 
is  touched  bv  an  en'ited  electric,  the  power  ia  immediately  communicated  to  every  port 
of  it;  and  if  the  conductor  thus  electrified  be  touched  by  another  insnl&ted  conductor, 
the  whole  surface  of  that  conductor  immediately  becomes  electrified,  acquiring  the 
power  of  giring  sparks  tind  attracting  tight  bodies,  and  at  the  same  time  the  electric 
power  of  the  first  conductor  ia  diminished  in  intensity.  In  fact,  the  electric  power 
originally  possessed  by  the  one  ia  now  distributed  between  the  conductors  in  the 
proportion  of  their  eurfacos. 

The  facility  with  which  electricity  ia  communicated  from  one  conducting  body  to 
another,  renders  the  complete  insuUtion  of  cotidnctors  of  great  importance  in  all  elec- 
trical experiments.  Light  bodies^  such  9»  balls  of  elder-pith,  feathers,  &c.,  oaed  to 
exhibit  attraction  and  repulsion,  are  fuspended  by  ailk  cords :  metallic  conductors  are 
s^iported  on  rods  of  glaas,  (ptttisrpercha,  shell-lac,  or  aenJing-wiix.  The  air  when  dry 
is  an  insulator:  indeed,  if  this  were  not  the  case,  it  would  be  scArcely  po«iible  to  obtain 
any  manifeetation  of  electric  power,  as  it  would  be  dissipated  into  tne  atmosphere  aa 
hit  aa  it  was  developed ;  and,  in  fact,  in  a  damp  atmosphere  it  ia  very  diificiilt  to 
r«tain  the  electric  power  on  the  surface  of  any  excited  body,  as  the  aqueoua  vapour 
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poasesBM  considerable  condncting  power.  Morwver,  the  ntcnospherlc  moisture  quick!) 
coodenwo  on  the  insulating  aupports,  e«peciully  ou  glass  and  silk,  and  completelj  de- 
Htroya  ttii*ir  insukting  power ;  hence  it  is  of  great  Importance,  vheu  vorkixig  ia  a 
liuinp  atmosphere^  to  keep  the  insulating  supjporta  as  warm  as  posfdhle,  and  to  rub  iJiem 
frequently  with  a  dry  cloth.  The  insulating  power  of  gbiaa  ia  greatlj  increaaed  bj 
covering  it  with  copal  varnish. 

The  insulating  power  of  air  ia  Hlcewiae  dimimslied  by  beat;  indeed  tbit  hot  air 
*ontiuct8  with  great  facility.  The  best  way  of  depriving  an  excifed  non-conductor  of 
fis  electric  charge  is  to  move  it  about  for  a  while  a  few  inches  ubove  the  flame  of  a 
tpirit-lamp. 

Of  thr  two  ELRCTttiaTiHS. 

The  phenomena  above  mentionetl,  that  is  to  say.  the  attraction  and  sabaequent  re- 
pulsion of  light  bodies,  and  the  production  of  the  electric  light,  are  manifeated  by  aH 
I'uJiejs  whatever,  when  in  a  state  of  electric  exoitt'ment,  whether  brought  into  that 
state  by  friction,  or  by  communication  with  a  prerioualy  eiciled  body.  In  certain 
respects,  however,  the  electric  powers  excited  in  different  bodies  are  oppoaed  to,  and 
capable  of  neutralising,  one  another. 

Enb  a  glass  tube  with  silk,  and  bring  it  near  a  feather  suspended  by  a  silken  ooad; 
the  feather  will  approach  the  glass,  remain  in  contact  with  it  for  a  short  time,  then  fly 
off,  and  will  afterwards  i«e  peraiMreiitly  rt<p<»Ued  bj  the  glass.  Now  rub  a  piece  of 
aeiUing-Wiix  with  flanni^l,  and  brin;^  it  nt>ar  unother  feather  buspeuded  oa  atlk:  the 
■ame  phenomena  wUl  take  pkce  ;  but,  on  tht^  other  hand,  the  feather  which  is  repelled 
by  the  excited  glaaa  is  attracted  by  the  excited  wax,  and  that  which  istrepelled  by  tha 
wax  is  attracted  by  the  glaas.  Moreover,  the  two  feathers  thus  electrified  attract  eadt 
other,  whereas  two  feathera  electrified  by  contact,  either  with  the  glasB  or  vith  the 
wax,  repel  each  other. 

There  are,  then,  two  kinds  of  electric  force,  exactly  similar  in  certain  of  their  mam- 
feetatiouH,  but  directly  opposed  in  otiicrs.  One  of  these  powera,  which  is  deraloped 
most  frequently,  though  uot  xnTariably,  on  glass,  ia  sometiroea  ciUled  vitraoua  elec- 
tricitjf;  and  the  other,  which  is  most  frequently  manifested  by  reunona  And  waxy 
bodies,  is  called,  reainous  electricity.  The  phenomena  abova  described  may  be 
eunimed  up  aa  follows  : — Bodies  similarly  electrified  (both  vitreously  or  both  resinoiuly) 
repfl  each  othtr,  and  bodies  ditsimilarli/  decttified  (one  vitreoualy  and  the  other  resia- 
oualy)  attract  ta^h  other. 

Neither  of  these  electric  powera  ia  ever  manifested  without  the  other,  though  from 
the  manner  in  which  the  excitement  is  produced,  it  frequently  happens  that  only  oae 
becomes  apparent.  Experiment  shows,  that  iii  all  cases  whatever,  when  two  bodies  are 
rubbed  together,  one  becomes  vitreously,  the  other  reainonsly  electrified.  Thoa,  if  a 
stick  of  sealing-wax  be  rubbed  with  a  piece  of  flannel  attached  to  the  end  of  a  glass 
rod  or  a  stick  of  baked  wood,  the  wax  will  acquire  resinous,  the  flannel  vitreoas 
electririty,  the  one  attracting  a  feather  or  pith-baE  wliich  has  been  in  contact  with  and 
ia  repelled  by  the  other.  In  Uke  manner  it  may  be  ahown,  that  when  glass  is  rubbed 
with  silk,  the  gkas  becomes  vitreously,  the  sUk  resinously  electrified.  If  the  rubber 
in  either  case,  instead  of  being  ftxed  on  an  inauluting  support,  be  held  in  the  hand, 
the  electricity  which  it  acquires  cannot  show  itself,  because  it  passes  through  the 
body  into  the  ground. 

The  kind  of  electricity  which  any  given  substance  acquires  by  friction  is  not  alwayt 
the  same,  but  varies  according  to  the  nature  of  the  substance  against  which  it  is  rubbed. 
Thua,  woollen  cloth  becoraea  vitrpouBly  electrified  when  rubbed  against  wax  or  resin, 
reainoualy  when  rubb&d  against  gloss ;  glass  itself  becomes  rcsinoua  when  rubbed  with 
a  cat-skin,  vitreous  when  rubbed  with  doth.  The  following  table,  taJten  from  De  la 
Rive,  gives  a  list  of  subhtuncea,  each  of  which  heeomes  vitreoualy  electrified  when 
nibbed  with  either  of  those  which  foUow  it ;  resinously,  when  rubbed  with  either  of 
tho^e  which  precede  it ;  — 


The  skin  of  a  cat 

Diamond 

Flannel 

Ivory 

Rock-crystal 

Wool 

Glass 

Cotton 

Linen  cloth 

Wliite  silk 

The  dry  band 


Wood 

Sealing  wax 

Colophony 

Amber 

Sulphur 

Caoutchouc 

Gutta  percha 

Prepaml  paper 

Collodion 

Gun-cotton. 
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No  visible  rdadoD  can  be  pointed  out  betwrcn  tbe  natore  or  constttudon  of  the  sub> 
itaoces,  and  the  Bp«ci««  of  electricity  which  io  developed  by  their  mutual  frLetioiL  Tb« 
only  general  law  among  the  phonomena  is,  tlut  the  robbing  and  the  rabbod  bod; 
alwmys  a«)nii«  oppoaite  olectncitiee.  Sulphur  is  vitreoatly  electrified  when  rabbod 
with  erery  metal  except  lead,  and  reainoujly  with  lead  and  every  other  kind  of  rubber. 
Recinona  bodies  rubbed  against  each  other  acquire  alternately  the  vitreoos  and  re- 
Binoas  electricity;  but,  rubbed  against  all  other  bodies,  tfaey  become  rceinoaaly  elec> 
cricaL  White  silk  acquires  vitreoos  electricity  with  black  silk,  metaI^  and  black  doth ; 
and  resinoaB  with  paper,  the  human  hand,  hair,  and  weasel's  skin.  Bkek  ailk  becomes 
Titrponaly  electrical  with  sealing-wax.  but  reainooaly  with  hares',  weasels',  and  ferrata' 
ddna ;  also  with  brass,  silver,  iron,  the  human  hand!,  and  white  silk.  Woollen  cloth  is 
■tfonely  vitreous  with  rinc  and  bismuth ;  moderately  so  with  silver,  copper,  lead,  and 
■peenlar  iron.  It  is  resinoos  with  platinum,  gold,  tin,  antimony,  grey  copper,  pruto- 
Bulphide  and  hcmisiilphide  of  copper,  and  the  sulphides  of  silver,  antimony,  and  iron. 
When  two  ribands  of  equal  surface  are  excited  by  drawing  one  lengthwiao  over  a  part 
of  the  other,  that  which  has  suffered  friction  in  its  whole  length  becomes  vitreously, 
and  the  other  resinously.  electrical  Silk  stnffii  agitated  in  the  atmoaphere  with  a 
rapid  motion,  always  take  the  resinous  electricity,  while  tlje  air  becomes  vitreously 
electrified.  The  general  result  which  was  deduced  by  Coulomb,  from  his  very  nume< 
roos  and  exact  cxperjmont5  on  this  subject,  is  the  following :  — 

When  the  surfaces  of  two  bodies  are  rubbed  together,  that  whose  component  pitrts 
recede  least  firom  each  other,  or  are  least  diatorbed  inm  their  natural  poeition  of  repose, 
appear,  in  consequence,  more  diapoaed  to  assume  the  vitreous  electricity :  this  tendeucy 
augmenta  if  the  surfsce  experiences  a  transient  compresidon.  Heciproeally,  that  sur- 
face whose  particles  deviate  most  firom  their  ordinaiy  poeitton,  by  the  violence  of  tlie 
ether,  or  by  any  cause  whatever,  is,  for  that  reason,  mora  diifWiad  to  take  the  resinotti 
condition.  This  tendency  increases  if  the  surface  tmdeigoea  a  real  dilatation.  Tlie 
stronger  this  opposition  of  circumstances,  the  more  energetic  is  the  development  of 
electricity  on  the  two  surfaces.  It  grows  feebler  in  proportion  as  their  state  V»econica 
more  ainular.  Perfect  equality  would  nulUiy  the  [ihenomena,  provided  it  could  exisL 
Thus,  when  a  dry  animal  or  vegetable  substance  is  rubbed  against  a  rough  metallie 
aur&ce,  it  exliibits  signs  of  resinous  electricity  :  iu  this  ra»c,  its  parts  are  forcibly 
•marated.  When,  on  the  other  hand,  it  is  rubbed  on  a  polished  metal,  which  scarcely 
affects  its  surface,  or  merely  compresses  the  particles,  it  either  affords  no  evidence  of 
electricity,  or  it  exhibits  the  vitreous  kind.  Heat,  by  dilating  the  pores,  acts  on  the 
Btufsces  of  bodies  as  a  coarser  rubber  would  do.  It  disposes  them  to  take  the  reainona 
electricity.  Thus,  sIkj,  new  black  silk,  strongly  dyed,  being  rubbed  against  a  riband 
of  white,  takes  always  the  resinous  electricity.  But  when  the  bhick  stuff  is  worn,  and 
the  colour  faded,  if  we  open  the  pores  of  the  white  riband  bv  heat,  this  acquires  in  its 
turn  a  greater  tendency  to  the  resinous  electricity  thnn  the  black  silk,  and  conmeqoently 
makes  it  vitreous.  This  disposition  vanishes;  as  might  be  expected,  with  the  acci- 
dental cacse  that  produced  it :  and  the  white  riband,  on  becoming  cold,  reacqoiree  tlte 
vitreous  electricity.  The  black  dye  produces  on  wool  the  same  effect  as  on  silk.  A 
white  riband,  rubbed  against  white  woollen  stuff,  always  gives  signs  of  resinous  elec- 
tricity :  but,  agninst  wool  dyed  black,  it  affords  signs  of  vitreoos  electricity. 

There  are  several  other  ways,  besides  friction,  of  developing  electricity,  via.,  by 
heat,  by  roagnetifim,  by  chemical  action,  and  by  the  diange  of  state  of  bodies  from  the 
solid  to  the  liquid  and  gaseous,  and  vice  vrrta ;  but  it  is  better  to  defer  their  considera- 
tion till  we  have  considered  tho  principal  properties  and  effects  of  electrici^  developed 
by  frictioa. 

TKeory  of  Elfciricittf.  —  The  facility  with  which  electricity  in  communicated  from 
one  body  to  another,  and  makes  its  way  to  all  parts  of  a  conducting  body,  or  chain  of 
eoDdoetota,  however  complex  in  form,  gave  rise,  at  an  eurly  stage  of  the  science,  to 
the  idea  tliak  it  is  a  fluid :  and  the  discovery  of  the  opposite  cluiractera  of  vitreously 
and  resinously  electriticd  bodies  ftuther  le^  to  the  hypothesis  that  there  exist,  two 
«ruch  fluids  or  at  lea^t  two  modifications  of  the  same  fluid,  which,  when  they  exiMt 
together,  nentralise  eacJi  other's  effect,  but  when  separated  manifest  themselves  in  the 
several  ways  already  noticed. 

Reserving  for  a  future  part  of  this  article  the  discussion  as  to  the  oomparative merits 
of  this  theory  and  others  which  have  been  propoeed  for  explaining  the  phenomena  of 
electricity,  we  shall  for  the  preoent  regard  it  merely  aa  a  convenient  mode  of  linking 
together,"  and  peneralising  those  phenomena, —  presenting  it  for  this  purpose  in  the 
form  of  the  following  propositions: 

1.  All  bodies  contain  two  very  mobile,  elastic,  iroponileniblo  fluids,  called  the 
electric  fluids. 

2.  The  particle*  of  each  of  these  fluids  repel  each  other,  and  attract  thote  of  the 
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other  fluid,  with  forces  which  arc  equal  at  equal  distuces,  but  diminuh  with  iiiert>aM 
of  dutancp. 

3.  These  fluids  are  capable  of  passing  from  one  body  to  another,  and  tzmTflling 
OTor  or  through  different  bodies  with  diffcreat  degrees  of  facility. 

It  is  easy  to  see  that  the  theory  thus  stated  accords  with  all  the  pheaomfoia 
hitherto  described.  When  the  two  fluids  are  contained  in  a  body  in  equal  ouantitiea, 
their  nttructire  and  repulsive  fbreea,  exerted  on  any  particle  of  either  flnia  situdted 
externally  to  that  body,  are  equal,  and  neatmlise  each  other,  so  that  uo  eleetrieaJ 
plienomena  are  apparent,  but  the  body  app^^ars  in  ita  ordinary  atafe.  But  when,  by 
friction  or  otherwise,  a  separation  of  the  flaida  takes  place,  and  one  of  them  beooOMi 
jiccumolatcd  oo  a  body,  or  a  particular  part  of  a  body,  in  greater  quantity  than  ths 
oth<;r,  the  excess  will  show  itself  by  attractive  and  repolaiTe  forces  exerted  upon  the 
fluids  contained  in  neighbouring  bodifs. 

When  two  raorable  bodioa,  pith-balls  for  instance,  are  chai^ged  with  the  same  kind 
of  electricity  (say  Titreoua),  the  excess  of  Titrooua  fluid  in  each  ia  driren  to  the  outer 
side,  where  its  further  progress  is  prevented  by  the  air,  throui^h  which  it  cannot 
readily  pass ;  it  there  exerts  a  pressure  on  the  two  balls  in  opposite  directions,  causing 
them  to  recede  from  one  another.  If  the  two  bodies  aro  oppositely  charged,  the 
pxeess  of  vitreous  electricity  of  the  one,  and  the  reeinoujs  eli?ctricity  of  the  other, 
attract  each  other  and  accumulate  on  their  conticfuous  surfac**,  wliere  they  exert  a 
pre.««iiro  impellinjr  the  balls  towards  each  other.  If  the  balls  aotunlly  come  in  eontjii't^ 
an  interchange  of  the  two  electric  fluids  takes  place  between  them,  and  if  they  were 
charged  with  equjil  quantities  of  the  two  fluids,  their  charges  oeutralifse  eadi  other 
exacUy,  and  both  bodies  return  to  their  natural  etate,  no  longer  appearing  elecfanfied. 
If  the  quantity  of  vitreoos  electricity  on  the  one  was  larger  than  that  of  resinous 
electricity  on  the  other,  both  appear  vitreous  after  contact,  aud  vice  vers&. 

The  nentralisation  or  union  of  the  oppo«te  electricities  may  alw  take  place  without 
actual  coalftct.  Suppose  two  brass  balls  supported  on  insulating  stands  to  be 
oppositely  electrified  and  grrndually  brought  nearer  to  each  other.  As  they  approach, 
the  opposite  electric  fluids  will  be  drawn  more  and  more  to  the  neare»<t  potnta  of  their 
Burfaees,  and  at  length  the  attraction  between  them  will  V>eoome  strong  enough  to 
overcome  the  resistance  of  the  intervcninp;  air.  The  union  of  the  of^pojiite  eleotncJties 
then  takes  place  through  the  air  in  the  form  of  an  electric  spark,  lonfzer  and  brighter, 
fts  the  quantities  of  the  opposite  fluids  present  on  the  balls  are  greater.  If  the  baOa 
cannot  be  brought  near  enough,  the  union  of  their  opposite  electricities  may  be 
effected  by  connecting  them  by  means  of  an  insulated  metal  rod  or  other  conductor. 
Iq  eiJher  case,  the  bails  after  being  connected,  apjiear  neutral  or  similarly  charged, 
accnixling  as  their  opposite  charges  were  equal  or  nnequal. 

The  union  of  the  opposite  elecfrifilie«  in  either  of  the  ways  above  mentioned  is 
etUed  the  electric  discharge.  In  the  case  just  considered,  it  is  instantaoeoiu ;  but 
■oppose  the  two  brass  Vnulls  or  other  conducting  bodies,  to  be  connected,  one  with  a 
eoDstant  source  of  vitreous,  the  other  with  a  constant  source  of  resinous  electncity. 
and  a  eommunication  made  betwtH-n  them  by  a  rod  or  wire  of  metal :  in  that  ca«*,  so 
nninterrapted  series  of  chiirges  and  dinchargea  of  the  opposite  electricities  will  tnke 
place  along  the  conducting  chain.  This  is  cailti^i  the  electric  current;  we  moj 
suppose  indeed  that  a  stri?ara  of  vitreous  electricity  is  flowing  through  the  eonducton 
in  one  direction,  and  a  stream  of  resinous  electricity  in  the  other,  during  the  whole 
time  that  the  action  is  kept  up. 

Electricity  in  the  state  of  discharge,  whether  sudden  or  continuous,  is  called 
dynamic  electricity,  that  ia,  electricity  in  motion;  in  the  chared  state  it  ii 
called  statical  electricity,  or  electricity  of  tension. 

The  ojiposite  electricities  are  now  most  freqaenCIy  dlj^tinguiabed  by  th«  tenu 
ositive  and  negative,  the  former  being  used  synonymously  with  vitreotts,  the 
latter  with  reainouft  electricity.  It  must  he  distinctly  undewtood,  however,  that  titers 
is  nothing  in  the  first  mentioned  kind  of  electricity  (that  commonly  developed  on  glaa) 
to  entitle  it  to  be  considered  more  positive  than  the  other.  The  terms  positive  ana 
negative  as  applied  to  the  two  electricities,  are  intended  merely  to  indicate  opposition 
<if  properties  and  the  power  of  mutual  neutraliaation.  It  is  oftea  convenient  to 
abbreviate  them  into  *  E  and  —E. 
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£uKrrRiCA.L  Machixes. 

For  the  study  of  electrical  phenomena,  it  is  necessary  to  have  means  of  liberating  the 
electric  fluids  in  larger  quantity  than  is  possible  hj  the  simple  npparatns  hitherto 
mentioned.  Machines  for  this  purpose  consist  of  a  cylinder  or  circuLir  plnte  of  gian 
turning  on  a  horizontal  axis  and  mbbing  against  a  cushion  of  silk  or  leather.    The 
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pl*M  (bus  BKitiiiTs  a  charge  of  positive  or  ritreotu  electricity,  which  ii  tnuiaforred  to  an 
UMTilAt«d  notallic  conductor 

Fie.  370  represent*  s  eylindar  machine.  The  cylinder  nibs  againat  the  coahJon, 
which  is  attached  to  a  hoUow  bnu»  cylinder  sopported  on  glass  legs.  To  the  upper  edge 
of  thf  cushion  is  attached  a  silk  flap  which  liee  over  the  npperpart  of  the  gla«8  cylinder. 
On  the  other  side  of  the  glass  (^linder  is  anolber  brass  conductor,  called  the  prim*  colt- 
duetor,  also  supported  on  glan  legs,  and  baring  on  the  side  ti<'xt  to  the  glaM  cylinder  a 
row  of  pointisd  wires,  flzed  to  it  on  a  level  with  the  axis  of  the  cylinder;  tiwae  an  for 
the  ponmse  of  fiicilitAting  the  passage 

of  the  electricity  from  tbe  glass  cyUn-  Fig.  370. 

der  to  the  condnetor,  as  will  be  pre- 
sently explained. 

The  cushion  is  coTered  with  an  amal- 
gam of  menmry,  tin,  and  xinc,  mixed  op 
to  a  pasty  consistence  with  tallow-greaae 
or  lard.  This  amalgam  is  found  to  be 
the  best  of  all  exciters  for  glass.  A 
good  proportion  of  the  ingredients  is  65 
pts,  mcrcory,  24  tin,  and  11  zinc.  They 
should  be  melted  together  and  con* 
•bUltlj  atiemL  Bisulphide  of  tin  is 
tho  %  good  niAterial  for  covering  the 
rubber;  but  it  is  troublesome  to  prepare. 

On  turning  the  cylinder,  the  glass 
amoirM  poeitirc  electricity,  the  cushion 
ana  the  bran  conductor  attached  to  it 
nHgatire  electricity,  and   the  posirir©^ 

chargeof  the  glass  is  tranrferred  to  the  prime  conductor.  If  both  conductors  are  insulated, 
the  charge  on  each  of  them  soon  reaches  its  maximum;  that  is  to  say,  the  transfer 
of  ♦^  K  to  the  glasa^  and  of  -  ff  to  the  cushion,  soon  becomes  aa  great  as  the  machine  is 
capable  of  effecting: ;  hut  if  the  negative  conductor  is  connected  with  the  ground  by 
a  brass  chain  or  wire,  the  -  E  developed  on  the  cnshion  is  at  once  carried  away,  and 
an  equal  qnantity  of  +  ^  is  transferred  to  the  glass  cylinder,  and  thence  to  the  prime 
conductor,  which  will  then  ^*ve  oflF  its  positive  charge  in  long  bright  sparks  to  any  con- 
ducting body  brought  near  iL  If,  on  the  ot  her  liand.  the  positive  conductor  be  connected 
with  the  grcmnd,  and  the  negative  conductor  insiihttcd,  the  +  E  it»  continuoualy  carried 
away  into  the  eartli,  and  nn  equal  quantity  of- iT  is  trunsferred  fmni  the  prime  con- 
ductor to  the  glass  cylinder,  and  thence  to  the  negative  conductor,  which  then  acquires  a 
high  negatiTc  charge,  and  will  also  give  bright  sparks  to  any  conductor  presented  to 
it.  If  both  conductors  are  imnxlated,  and  joiiit«-d  bniss  rods  terminated  by  knobs 
inserted  into  them  and  brought  within  a  short  distaix-e  of  each  other,  the  +  E  and 
—  E  recombine  in  a  continiioas  series  of  sparks  an  long  as  the  machine  is  worked.  If 
the  terminal  kn<»b«  ar«>  brought  very  close  to  each  other,  the  sparks  are  small  but  more 
continuous  than  when  the  interval  Wtween  the  knobs  is  greater;  and  if  the  two  knobs 
are  brought  into  actual  contact,  no  sparks  pass, 
and,  indeed,  neither  conductor  shows  any  signs 
nf  charge,  cither  by  giving  sparks  or  by  attract- 
ing light  bodies ;  nevertheless,  as  long  as  the 
machine  is  worked,  the  separation  of  the  two 
electricities  is  going  on  at  the  surface  of  contact 
of  the  glass  and  cushion  ;  the  -f  £  is  being 
transferred  to  the  one  conductor,  the  —E  to 
tbe  other,  and  the  two  are  continually  re- 
anitang  along  the  connecting  brara  rods ;  in 
short,  an  sfectric  current  is  established 
through  the  machine,  and  though  it  does  not 
show  itself  in  any  of  the  ways  just  mentioned, 
may  be  made  to  produce  a  vancty  of  effects 
which  will  bo  described  hereafter. 

The  piair-m»-hine  represented  in  fiff.  371 
«t11  be  understood  without  special  descrip- 
tion. Various  forms  are  given  to  it.  In  that 
shown  in  the  figure,  which  is  the  ordinary 
form,  the  rubber  i.«»  uninsulated,  so  that  there 
is  no  means  of  obtaining  negative  electricity, 

and  to  insulate  tbe  cushions  of  a  plate  machine  introduces  considerable  complicstioa. 
For  this  reason  cylinder  machines  are  the  more  convement  for  the  purpose  of  illustntini; 
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the  orinciplra  of  the  science.  When,  on  the  other  hand,  it  is  merely  required  to  obUia 
oaif  kind  of  electricity,  as  for  investigating  tho  efFeots  of  the  electric  dischAtge  or 
current  on  Iwdiea  tlirough  which  it  passes,  plnte  machines  are  usually  preferred,  u 
they  are  more  compact,  and  yield  a  greater  quantity  of  electricity  from  a  given  sorfius 
ofgian. 

Recently,  ehonite  (hardened  caoutchouc)  ban  come  much  into  use  ioate^d  of  glass  for 
plate  electrical  machines ;  it  produces  ptjwerful  electric  excitement^  and  doe«  not  con- 
densM!  moisture  on  its  surface  so  readily  as  gliiss  docs ;  hence,  while  new,  it  is  better 
adapted  for  use  in  damp  weather ;  but  the  friction  of  the  rubber  destroys  the  polish  of 
its  siir£iu:e,  whereby  ita  efficiency  as  a  source  of  electricity  is  ^eatly  diminished. 
The  electricity  obtained  from  the  prime  conductor  of  a  machine  with  an  ebooite  plate 
is  nannous  or  negative  electricity. 


ELECTBOSOOFBa   AXD  EtSCTfiOlOmSS. 

An  dectroscope  is  an  instrument  fOr  indicating  the  presence  of  electricity  in  a 
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of  charge  or  tension,  by  means  of  the  attraction  and 
repulsioti  of  light  bodies.  In  this  sense  any  light 
body,  such  as  a  feather  or  a  pith-ball,  suspended  by  » 
silk  line,  may  be  xvgjirded  as  an  electroscope,  iSro 
pitli-balla  connected  by  a  linen  or  cotton  thread,  which 
IS  a  conductor,  and  hung  over  an  insulated  metal  rod 
to  which  a  charge  ia  communicated,  will  indicate  its 
presence  by  their  divorgptice.  For  detecting  small 
charges  of  electricity,  the  gold-leaf  electroscope  (./^. 
872, )  is  a  rery  convenient  and  indeed  indispensable  in- 
Btmmcnt.  It  consists  of  a  gla^s  jar  open  at  both  ends; 
and  supported  on  a  wooden  stand  covered  with  tin  foiL 
The  neck  is  doaed  with  a  cap,  through  which  there 
passes  a  brass  rod  c,  to  the  lower  extremity  of  which 
are  attached  two  strips  of  gold-leaf  or  Dutch  metal; 
to  the  npper  end  of  the  rod  c  is  attached  a  brass  cap 
b.  A  charge  of  elwtrioity  pommunicated  to  this  cap  is 
immediately  tRinsferred  to  tlie  leaves,  and  caa«ea  them 
to  diverge.  As  a  strong  charge  sometimes  causes  the 
leaves  to  strike  against  the  sides  of  the  gloss,  thereby 
giving  it  a  charge  of  electricity,  whieb,  if  retainet^ 
would  distui'b  the  indications  of  the  instrument,  two 
strips  of  tin  foil,  ef,  are  pasted  on  the  inside  of  the 
,L    j^  jar,  so  that  when  the  leavea  strike  against  them,  the 

Fig,  373.     "^tH  charge  may  he   immediately   can'ied  down  into  the 

stand,  and  thus  got  rid  of.  Wh«T<»  r.ny  preat  delicacy 
is  not  rf i^uired,  it  is  best  to  use  lenvcf.  of  Dutch  metJ, 
as  they  are  easily  replaced  when  injured  ;  but  for  greater 
delicacy  gold  leaves  must  be  usetL  The  sensitire* 
ness  of  the  instrument  ia  greatly  increaaed  by  certain 
additions,  to  Iw  afterwards  described. 

To  test  the  kind  and  degree  of  charge  of  an  dec- 
trifipd  body  by  means  of  tnia  instniment,  the  body  is 
touched  with  a  small  brass  ball  suspended  by  a  silk 
line,  or  with  an  inHtrampnt  called  a  proof  plaiu,  con- 
sisting of  a  small  di.sc  of  gilt  paper  attachea  to  a  thin 
stick  of  shellac,  and  the  ball  or  plane  is  tbenfaioa^ 
in  cont.act  with  the  citp  of  the  electroacope.  Hm 
As^d^M  \       degree  of  dirergence  of  the  loaves  gives  an  appioxi- 

^---T— >^  A       mate  indication  of  the  strength  of  tJie  charge  ;  audita 

nature,  whether  positive  or  negative,  may  be  known 
by  holding  above  the  cap  an  excited  glass  rod,  which 
increases  or  dimimsbes  the  divergence  of  the  leaves, 
A         according  to  the  kind  of  electricity  with  which  they 
->  are  charged.     Fnr  a  description  ef  Peltier's  electrn- 

scope,  see  Peltier,  (Ann.  Ch.  Phys.  [2]  Ixii.  422),  also 
K  i  esB  (ReibungS'Ekciricitai,  i.  64). 

An   drctroTTutur  ia  an   instrument  for  mea8ii"io!» 

^^N..^_^ _^^,^  quantitatively  the  charge  of  an  I'lectrifled  body.    Th«i 

one  most  nstni  is  the  torsion  balance  or  tominn 
elfrtroioeterctfConIomb,  represented  in»,373.   It  consist*  of  a  gUagotM  AC/fy.373)[ 
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of  rylindriml  or  cubical  form,  nirmonDU<d  by  t  vertical  glaas  tohe  sboot  2  fe«t  high ; 
through  the  axis  of  the  tub«  there  passes  a  silver  wire  or  a  glan  thread,  carrying  iit 
its  lower  extremity  a  brass  weight,  which  stretches  it,  and  through  which  there  passva 
a  needle  of  shell-Uc,  termiaated  by  gilt  pith-balls,  t  f.  The  wire  or  glass  thi«ad  ttt 
faati^ned  at  its  upper  extremity  to  a  button,  ^  which  mores  stiffly  in  the  cap,  and  carries 
an  iodiOL,  i,  moving  over  a  graduated  circle,  to  measnra  the  angle  through  which  the 
thread  is  twiated.  In  tbe  cover  of  the  glass  esse  there  is  a  lateral  aperture,  tn^  for 
introducing  a  g^t  pith  ball  attached  to  a  shellac  stem,  this  ball  having  the  same  dia- 
meter as  those  at  the  end  of  the  needle  (sometimes  proof  planes  are  snlMtituted  for  the 
balls).  This  ball,  after  haTixtg  been  brought  in  contact  with  the  body  whose  electric 
rharge  is  to  bo  meuared,  is  introduced  into  the  glass  case,  as  shown  in  the  figure,  where 
it  first  attracts  the  ball  t,  and  then  having  charged  it,  repels  it  to  a  certain  distance, 
which  may  be  measured  in  degrees  on  the  divided  ctrcla.  Now  when  a  thread  or  wire 
is  twisted,  the  force  with  which  it  tends  to  uu twist  increaaes  in  direct  proportion  to 
the  angle  of  torsion.  Thus,  if  one  electric  charge  drives  the  movable  ball  to  10** 
from  the  fixed  ball  and  another  drives  it  20^,  the  repulsive  force  in  the  second  case  is 
twice  as  great  as  in  the  first.  But  the  usual  mode  of  working  with  the  torsion 
balaooe  ia,  after  having  commonicated  the  charsre  to  the  movable  ball,  and  driven  it 
oll^  to  twift  the  thread  the  contrary  w:iy,  till  the  movable  ball  ts  brought  within  a 
MTtain  distance  of  the  fixed  baU.  Suppose  that  this  distance  is  10<^,  and  the  thread 
has  been  twisted  through  20®  ;  then  the  total  force  of  torsion  is  30°,  for  the  thread  is 
twisted  through  10'^  at  the  bottom  and  20-^  at  the  top.  The  use  of  the  Instromeiit 
will  be  illustnUed  by  describing  its  application  to  the  investigation  of  the 

Laws  or  Ei^xcnuc  ATT&acnoN  aim  fiKPirLsioM. 

1.  With  regard  to  duianct. — Let  the  fixed  ball  he  charged  hota  the  oondoetor  of 
an  electrical  machine,  and  its  charge  communicated  to  the  movable  ball  as  above  de- 
scribed. Suppose  the  movable  baM  to  become  stationary  at  36**  from  the  fixed  ball, 
th<»  thread  or  wire  having  been  previously  quite  untwisted.  Now  let  the  wire  be 
twisted  till  the  movable  ball  is  brought  to  18°  distance  from  the  fixed  ball ;  for  this 
it  will  be  found  necessary  to  twist  the  wire  throufih  126^,  making  the  entire  torsion 
equal  to  126°  -f  18°  »  U4<^.  Next  let  the  wire  be  further  twiiitcd  till  the  distance 
between  the  two  balls  is  reduced  to  Q®;  this  will  require  the  wire  t^o  be  twisted 
Ihrongh  667°,  making  the  entire  torsion  »«  567°  +  9*  =  o76°  The  fonva  rpqaired 
to  keep  the  bails  at  3Q°  18^  and  9°  apart  ore  therefore  as  the  nurnbt  i-;*  30,  14i,  576, 
that  is  to  say,  when  the  distanc««  are  as  1  :  |  :    J, 

the  repalsive  forces  are  as  .        .     1  :  4  :  16  ; 

hence  the  rtpuUive  force  txtrttd  httwtcn  two  bodies  timilarlj/  dectrijted  varkt  inversely 

Of  tke  tquare  of  the  dutamy. 

In  like  manner  by  charging  the  fixed  and  movable  balls  with  opposite  electricities, 
it  may  ))e  shown  that  the  atttacti tie  force  follows  the  same  law. 

2.  With  regard  to  quantity/. — Coulomb's  method  of  determining  the  manner  in  which 
the  attractive  or  repulsive  force  between  two  electrified  bodies  varies  with  the  quan- 
tities of  free  electricity  contained  in  them,  is  based  upon  the  obvious  assumption  that 
if  two  equal  and  similar  insulated  conductors,  two  equal  metallic  spheres,  for  example, 
be  electrified  and  placed  in  contact,  the  electric  charge  will  be  divided  equally  between 
them.  This  being  granted,  the  law  in  question  may  b«»  invcRtigated  as  follows  :  — 
Observe  the  force  of  torsion  which  at  a  certain  distance  equilibrates  the  attractive  or 
repulsive  force  exerted  between  the  fixed  and  movable  ball  of  the  torsion  balance, 
which,  as  already  observed,  are  of  equal  diameter.  Now  take  a  third  gilt  ball,  likewise 
of  the  same  size,  and  insulated,  but  not  electrified,  and  touch  with  it  the  fixed  ball  of 
the  balance.  This  contact  deprives  the  fixed  ball  of  half  its  electricity,  the  charge  of 
the  movable  ball  remaining  unaltered.  It  will  then  be  found  that  the  force  of  tor- 
sion reauired  to  keep  the  balls  st  the  same  distance  is  only  half  what  it  was  before. 
If  tJie  electricity  of  the  movable  ball  be  then  reduced  to  one-half  ia  the  same  manner, 
the  force  required  to  keep  it  at  the  same  distjince  will  be  nMluccfl  to  one-fourth  of  its 
original  amount,  nnd  by  again  re<lucing  the  charge  of  either  bidl  one-half^  thp  force  re- 
quiriMl  will  be  reduced  to  One-eighth  of  the  original  amount.  Hence:  At  a  gitvn 
di»tancf  tht  attractive  atui  repulsive  fore f«  e^rerted  brtutrm  tirt/  electrified  budus  are  at 
thf  prm/iict  o/  the  quantities  of  free  kectricity  contained  in  tk  th. 

If  then  E,  E'  arc  the  quantities  of  free  electricity  in  two  bcjdics,  and  D  thcs  distance 

>«flwcrn  them,  the  attractive  or  repulsive  force  between  them  is  represcLtcl  by  the 

riiualion : 

_  F^- 

F  .  «  -^ 

m  being  a  constant. 
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Thui  IftW  io,  however,  subject  to  moilIficatiaD,  d<.>(>endlug  ou  tbc  form  of  thts  body  J 
on  tiie  mode  of  dutributiou  of  the  electric  charge  upon  it  Like  the  law  of  gravf 
tion,  it  18  strictiy  true  only  for  muterial  points,  or  for  spheres,  which  act  upon 
MDother  like  matcriiLl  points  aitvated  at  tJieir  rMpective  centres,  or  for  other  Ixx  ^ 
whose  dimetiHions  are  insignificant  as  compared  with  tlie  digtduices  betwc>«n  them.  Mora- 
orer,  when  two  charged  bodies  are  in  presence  of  one  another,  the  distribation  of  ths 
charge  on  eudi  ia  not  the  same  as  if  the  other  w<Te  remoTed ;  and  this  also  moteriallj 
affiycta  the  magnitude  of  the  resultant  attrattivo  or  ropuhiive  force  exerted  b«tweea 

.  them.     Coolomb^a  eiperimeut*,  which  were  made  with  epherea,  may,  howerer,  be  le- 
gnrded  as  proving  tliat  the  attraction  and  repuLiion  between  the  ultimate  particles  at 

I  the  dectno  fluids  follow  the  law  of  the  inverse  sq^uaiciL 
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In  eonH«iTienc©  of  the  tnufunl  repulsion  of  the  partielea  of  each  of  the  electric  HmSa, 
and  the  facility  with  which  thoy  can  traverse  ronducting  bodies,  it  followa,  that  any 
charge  of  electricity  communicated  to  an  inaulHted  conductor  will  be  confijied  to  its 
surface,  the  interior  Tcmaining  in  the  nt-urral  state;  for  even  if  a  charge  of  either 
electricity  be  communicated  to  the  interior  of  a  solid  conductor,  the  motiul 
repulsion  of  ita  particles  will  drive  it  to  the  eurfucc,  where  it  will  be  retaiaed 
by  the  insulating  power  of  the  air,  or  other  eurrounding  non-condactor.  The  ezperi- 
mt- ntaJ  proof  of  this  proposition  is  easy.  Charge  an  insulated  metaUic  ressel  of  any 
shape  whatever  with  electricity  from  the  conductor  of  a  machine ;  touch  difierent 
parts  of  its  surface  with  a  proof-plane  or  carrier-ball,  (p.  380),  and  then  bring  the  plane 
or  ball  in  contact  with  a  ^old-ii*ai'  tdet- troacope  j  the  external  surface  will  be  round 
strongly  charged,  while  the  inner  surface  exhibit*  no  charge  whatever,  and  this  will  be 
the  case  even  though  the  external  surface  is  cbaf]^  sufficiently  to  give  strong  sparfca 
It  follows  from  this,  that  a  charge  of  electricity  is  distributed  between  two  con- 
duetora  in  contact  in  pTop«-«rtion  to  their  mirfaces,  not  to  their  masaes.  Coulomb  gave 
experimental  proof  of  this  by  observing  the  repilsive  force  between  the  two  balls  of 
the  toreion  balance,  before  and  after  the  fixed  ball  had  bet-n  touched  with  a  third  baU 
of  exactly  the  same  bLm,  likewise  insulati-d  but  aDelectrified.  Whether  this  third  ball 
was  solid  or  hollow,  made  of  copper,  lead,  or  any  other  metal,  of  wood,  cork,  or  ejder- 
pith,  or,  in  ebort,  of  any  conduetmg  substance  whatever,  it  always  took  away  from  the 
fixed  boll  of  the  torsion  balance  hSf  the  electricity  which  it  possessed.  If  the  ua- 
electrifled  ball  had  a  double  stirfkoe,  the  electric  charge  of  the  fixed  ball  of  the  toraion 
balance  was  reduced  to  a  third  of  its  original  amount ;  and  in  all  cases,  tiie  charge  was 
found  t*>  be  distributed  between  the  two  in  the  proportion  of  their  sur&cea. 

Distribution  of  thctrieitT/  on  turfacet  of  difftrent  forms. — When  an  insulated metatlie 
B|>herfl  placed  ut  a  considerable  distance  from  all  other  conducting  bodies  ia  charged 
with  electricity  of  either  kind,  all  the  point*  of  its  surface  are  found  to  be  charged  in 
the  same  degree :  this  may  bo  shown  by  means  of  the  poof-plane  and  torsion  b^ance, 
M  already  described.  This  uniformity  of  charge  implies  that  the  electric  fluid  i«  di»> 
triboted  over  the  surface  of  the  sphere  in  a  stratum  of  uniform  thickness ;  for  if 
ware  more  at  one  point  than  at  another,  the  proof-plane  would  then  receive  a  1  ^ . 
charge.  This  modo  of  distribution  ia  a  direct  consequence  of  the  law  of  -variatica 
force  according  to  the  inverse  squares  of  the  distances.  To  show  this,  let  the  ciidc  bg 
i/g.  374)  represent  a  section  through  the  centre  of  a  conducting  sphere  charged — say 
with  -•  E.  It  is  clear  tliitt  when  the  whole  is  in  a 
dtnto  of  equilibrium,  any  particle  of  iKJttitive  electricity 
a,  within  the  .sphfre  must  be  equally  popelled  by  the 
portions  of  electric  fluid  stituatetl  on  opposite  piula  oi 
the  surface,  and  any  particle  of  negatiTa  electricity 
equally  attracted  by  such  opposite  portions.  Draw 
through  a  two  straight  lines  d«f,  gak,  making  a 
small  ang!c«  with  each  other,  and  suppoae  than  to 
revolve  round  the  line  bac  bisecting  the  angle  daa* 
They  wLU  then  trace  out  two  small  conical  spaces,  the 
bases  of  which  are  portions  of  the  spherical  surface. 
The  condition  of  equihbrium  of  the  particle  a  is  that 
the  action  exerted  upon  it  by  the  fluid  on  the  portions 
of  surfuces  dg  and  /A,  mnst  be  equal.  Now  the 
action  of  any  partielo  in  the  surface  dg  on  a,  is  la 
that  of  ft  particle  in  fh  as  (nc)'  to  {ahif  ;  then>fore,  to  ensure  wjuilibrium,  tim  qtiantity 
of  electricity  ou  the  surface  dg  must  be  to  that  ou  yS  aa  {<iby  to  (ao)' ;  but   these 
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Fig.  374. 
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■urikeM  thfiuelTM  nre  to  one  anotbrr  in  die  same  ratio  :  beaM  it  folloira,  that  the 
thidknMs  of  the  stratum  of  electric  fluid  on  dg  must  be  the  same  as  that  oa  JK  It 
for  example,  ah  »  lac,  then  the  qomitity  of  electricity  on  dg  mast  be  foor  timra  an 
great  as  thut  on  fli ;  but  the  surface  dg  «  \fh ;  and  it  is  evident  that  a  fboxfold 
quantity  spread  over  a  fourfold  surfiace  must  form  a  strutum  of  the  same  thickness. 

fint  in  Hu  ovikl-Bhaped  body,  such  as  that  reprraented  in  secUou  in  jig.  375,  a  similar 
eonstructioQ  will  show  that  the  electric  fluid  must  be  aeeamalated  in  a  thicker  stratum 
towards  Che  narrow  ends.     For  in  this 

one  the  surface  dg  bears  to  /%  a  ratio  ¥ig.  375. 

grMter  thao  ibjtt  of  (oA)^  to  (ae)\  greater  ^ 

therefore  than  the  ratio  of  the  aluiatitj  '' 

of  eleetricitr  on  (f^  to  that  on  jh ;  con- 
•equently,  the  thieknees  of  the  stratum 
of  fluid  in  dg  most  be  less  than  that 
on  /k.  In  the  case  of  an  ellipeoid  of 
rerolntion,  mathematical  anaiysia  shows 
that  the  thickoessee  of  the  electrical  stra- 
tum at  the  eodii  of  the  axes  are  directly 
as  the  lengths  of  those  axes;  and  tbis 
conclusion  is  conflrmed  by  experiments  with  the  torsion  balance. 

In  general,  nil  elongated  conductors  exhibit  an  exceM  of  electrical  chazge  towards 
their  extreniities.  A  cylinder  6  centimetres  in  diameter  and  86  centimetres  long,  with 
hemispherical  ends,  was  found  by  Coulomb  to  exhibit  at  the  extremitie«  an  electric 
eha^e  23  times  as  great  as  in  the  middle;  at  25  centimetres  from  the  extremities,  the 
charge  was  l''26  times  as  great  «•  in  the  middle.  In  a  prismatic  coDductor,  the  dis- 
tribution is  similar:  in  a  thin  plate,  the  thickness  of  the  electric  stratum  iucraasea 
rapidly  from  the  middle  towards  the  edgea.  Now  the  tendency  of  electricity  to  escape 
from  any  port  of  a  chairged  conductor,  increasea  rapidly  with  tlie  thickness  of  the 
stratum  of  electric  fluid  at  that  point,  in  eonaequeuce  of  the  crowding  tog?ether  of  a 
greater  number  of  mutually  repidaire  pHrticlea  within  a  given  space.  Hence  it  follows 
that  elongated  cou'luctors,  such  as  pointed  rods,  will  discharge  aleetridty  much  more 
rapidly   than  rounded  onea;  indeed,    when  a  pointed  rod  or  b^  a^g 

wire  is  inserted  into  the  conductor  of  an  electrical  machine,  it  ^' 

ia  impossible  to  obtain  Urge  sparks  from  it,  however  quickly 
the  machine  may  be  worked,  the  ehat^  being  rapidly  di^bipatod 
tnm  the  point.  Hence,  to  retain  the  charge  on  the  surfnt-e  of  a 
conductor,  that  surface  must  be  well  polished,  and  free  fruua  ull 
sharp  projections. 

The  discharge  of  electricity  from  a  pointed  conductor  gives 
riae  to  a  rapid  cbai^ng  of  the  surrouoding  purtides  of  air,  and 
these  particles  becoming  eJectrifled,  simiiarlj  tn  the  conductor. 
■K  ^ekly  repelled  from  it.  and  produce  a  wind,  blowing  as  it 
were  ttom  the  extremity  of  the  conductor.  Moreover,  since 
the  repulsion  is  mutual,  if  the  pointed  oonductor  be  movable, 
it  will  ije  impelled  in  the  opposite  direction  to  the  stream  of 
air.  Thus,  if  a  cross  formed  of  brass  wires,  huving  their  endii  bent  in  one  direction, 
MBinfig.  376,  bo  supported  by  a  cap  on  a  pointed  rod  inserted  into  the  conductor  oif 
as  alaetneal  machine  in  action,  it  will  rotate  in  a  direction  opposite  to  that  in  which 
thapointi  are  turned. 

QMONltfy  and  hitttmty  of  Charge. — The  same  quantity  of  electricity  exhibits  veir 
different  degrees  of  repulsive  force,  according  to  the  way  in  which  it  is  distributed. 
Thus  a  qnaotity  of  electricity  which,  when  coinmunieutod  to  an  insulated  mctHllic  ball^ 
«Ei«rta  a  repolaive  force  equivalent  to  a  torsion  of  10°,  will  exert  only  half  that  force, 
or  ^,  wb«n  diatributed  over  two  snch  spheres  of  the  same  diiimeter  (p.  381).  This  is 
fr«qaently  expressed  by  saying  that  the  ititentiti/  of  the  chai<ge  in  the  flj8t  ease  ia  double 
that  in  the  second.  Intensity,  in  fact,  denotes  the  tendency  of  electricity  to  escape  from 
any  space  in  which  it  in  condned.  and  its  power  of  overcoming  obstacles  to  its  passage. 
The  term  is  8[iiilicHl  with  reference  to  eleetncity  much  in  the  same  way  as  Unptra' 
iwre  with  respect  to  heat.  Just  as  a  pint  of  water  at  100^  C.  can  produce  many  eflects 
which  a  gallon  of  wat^r  at  60°  cannot,  t.g.  causing  alcohol  to  hoiL,  fat  to  melt,  Ac, 
although  the  quantity  of  heat  in  the  latter  (as  measured  by  the  quantity  of  ice  that  it 
will  melt  on  cooling  to  0**)  is  great^  than  in  the  former ;  ?o  likewise  a  small  quan- 
tity of  electricity  confined  in  a  amaU  space  exerts  a  much  greater  repulsive  force 
than  a  larger  quantity  distributed  over  a  comparatiTelr  larger  space.  The  intensity 
of  an  d««tric  charge  i«.  in  fact,  proportional  to  the  square  of  the  thickness  of  the 
■tntam  of  electric  fluid  ou  the  surface  of  the  chatiged  bodpr.  For  the  repuhiive  force 
exerted  between  any  two  portions  of  the  some  electric  flmd  at  a  given  distance  variea 
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ns  tjje  product  of  thoie  qtuuttitiM  (p.  381),  and  if  tht^j  are  both  inerMMxi  n  times,  rh« 
rtpuJsive  force  between  them  increaaes  k*  times.  Now  the  teodencj  of  electricity  to 
escape  from  a  charged  botlj  arises  from  the  repulsion  exerted  on  the  eiectricitj-  nt 
»uy  one  point  of  its  surface  b;  the  totAl  quantity  of  electricity  of  the  same  kind  dif- 
fiised  over  the  rest  of  the  anrface.  If  now  the  qimntity  of  free  electricity  coutained  ia 
the  body  be  doubled,  the  thieknefis  of  the  superficial  stratiun  will  be  doubLo<l  at  all 
points;  eoDsequently  the  repulsive  force  between  the  portions  of  electrieity  at  any  hro 
points  will  ba  quadrupled.  And,  in  general,  if  the  quantity  is  increased  n  time«,  the 
intensity  or  tendency  to  escape  increases  n*  times. 

DSTBL0PH£KT  OF  ELBCTRICnT  BT  IlTOIIOTION  OB  hfTLVXSCM. 

A  body  charged  with  electricity  and  brought  into  the  neighbourhood  of  an  insnlated 
conductor  in  its  natural  state,  produces  an  immediate  separation  of  the  electric  fluids 
in  that  body,  repelling  that  of  the  same  kind  with  its  own  charge,  and  attracting  that 
of  the  opposite  kind.  Thus,  let  an  insulated  metallic  cylinder  B  0  (Jiff.  377),  baring  a 
number  of  pith-ball  electroccopes  suspended  from  it,  be  brought  near  a  body  A.  diMtgti 
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with  +  £^  but  not  near  enough  t^  alow  a  spark  to  pass  between  them.  The  el«ctroaoopes 
Bpnr  the  extremities  of  the  cylinder  will  immediately  direrge,  while  those  near  tits 
xniildle  keep  their  ualurRl  pKjsitiou.  On  the  removal  of  the  charged  ball,  they  all  fill 
dowo  again,  and  resume  thi^ir  divergent  poi^itioa  when  it  again  approache*  the  cy- 
linder. Further,  if  a  pitli-bjill  suspended  on  silk  and  charged  with  +  E,  he  held  neu 
different  parts  of  the  cylinder  while  the  bail  A  is  in  position,  it  wiM  be  attracted  at  th« 
end  nearest  to  A,  repelled  at  the  fkrf  her  end,  and  neither  attracted  nor  npelled  near  the 
middle,  showing  that  the  near  end  exhibits  electricity  opposite  to  that  of  A,  and  the 
farther  end  the  same  electricity  as  A.  The  same  may  be  further  shown  by  tonchixig 
tine  differc-ut  ports  of  the  cyliudt-r  with  a  proof-plane,  and  transferring  the  chaxgei  to 
an  elH&ctroHCope  ;  this  mode  of  testiug  also  shows  that  there  is,  somewhere  between  tlie 
extremities  of  tho  cylindor,  a  neutnJ  line,  where  neither  kind  of  electricity  predomi- 
nate*. The  exact  position  of  this  line  and  the  distribufion  of  the  opposite  electrici- 
ties on  either  side  of  it  varies  with  the  dimensions  of  the  cylinder,  its  distance  from 
the  charged  body  A,  and  the  strength  of  the  charge  of  A.  When  tbe  charged  body  A 
is  removed,  the  two  electricities  Jii  B  C  reunite,  and  this  U-ydy  no  longer  exhibits  anj 
electric  excitement,  provided  always  that  the  two  bodies  have  never  been  brooght  near 
enough  to  allow  of  an  interchange  of  their  opposite  electricities  in  the  form  of  a  spark, 
and  that  B  C  has  remained  inHulut^n.!  nil  the  broe. 

Sappose  now  tJiat  whDe  E  C  is  under  the  influence  of  A,  a  second  insulated  eondod- 
ing  cylinder  is  joined  on  to  the  end  C.  The  +  E  will  then  be  driven  into  this  second 
cyliailer,  and  the  first  will  exliibit  —  A'  over  the  greater  part  of  its  surface.  Now  se- 
parate the  two  cylinders,  and  ihen  remove  the  body  A.  The  firbt  cylinder  th*rn  n- 
mains  permanently  negative  and  the  second  positive.  Suppose,  in  the  nert  place-,  that 
the  cylinder  B  C,  whUe  under  the  influence  of  A,  is  touchwl  with  the  finger.  Ther  £ 
wiM  then  be  driven  into  the  grotitid,  tho  cylinder  will  remain  negative,  and  if  it  be  again 
iusnhtted  Wfore  A  is  removed,  it  will  neniain  permanently  negative.  This  e£Rect  may 
easily  he  shown  by  the  gold-jeuf  electroscope.  On  holding  over  the  cap  an  excited 
stick  of  sealing  wax,  the  +  £  of  the  electroscope  ts  drawn  up  into  the  cap,  and  the  —  £ 
driven  into  the  leaves,  which  then  diverge ;  on  removing  the  sealing  wax,  the  two  elwtri- 
eities  recombine,  and  thi^k-aves  callapse  ;  but  if,  while  the  excited  wax  is  hold  over  the 
electroscope,  the  cap  be  touched  with  the  finger,  the  leaves  collapse,' because  the  —E, 
which  made  them  diverge,  is  driven  into  the  ground  ;  if  the  finger  be  then  removedi 
the  sealing-wax  remaining  in  position,  the  leaves  will  still  hung  vertically;  but  oo 
then  removing  the  wax,  they  instantly  diverge  with  a  positive  chsj^ge,  betaase  tha 
positive  electricity  previously  retained  in  the  cap  by  the  attraction  of  the  —E  of  the 
excited  wax,  now  distributes  itself  uniformly  thraugh  thv  cap.  win.-,  and  leaves,  which 
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thitfl  acquire  a  permanent  positiYc  cb&rge.  Oo  again  approndung  the  exdt«d  wax  or 
oth«r  nentiTely  electrtli(<d  bodj,  they  coUapw  ;  bot  the  approach  of  on  excitt'd  gliua 
tiib«  makes  them  direr^  more  widely.  This  is  the  most  convenient  way  of  uaing  the 
goJd-lcaf  electTO«cope  to  a««  whether  the  charge  of  a  given  body  ia  |po«itive  or  nogatire. 

The  aeparation  of  the  dectric  flnida  in  a  neutral  hoAy  under  the  inflnoiee  of  an  elec- 
trified b«>dy  is  called  dtetruatum  hy  tndwtion  or  infiuenet^  It  is  evident  that  a  body 
charped  with  either  kind  of  electricity  must  exert  thifl  influonee  on  all  the  bodies  in  its 
nrighbourhood,  separating  their  electric  fluids  with  more  or  leas  facility,  according  to 
their  conducting  powem.  When  a  light  body,  ench  aa  a  feather,  in  brought  near  aa 
electrified  body,  the  opposite  electricity  is  developed  on  tie  nearer  aide  of  the  feathcv, 
sod  the  mutual  attraction  of  the  opposite  electncitiea  canaes  the  feather  to  approach 
the  ezdtcd  body.  The  attraction  of  neutral  by  charged  bodies  is,  therefore,  merely  a 
particular  cane  of  the  mutual  attraction  between  the  opposite  electricities. 

It  is  erident  that  the  influence  of  a  charged  body  on  the  electric  fluids  of  neigh- 
bouring bodies  will  be  exerted  equally  whether  they  are  previoualy  in  their  natural 
state  or  not  When  two  bodies  similarly  charged,  say  both  with  -i-  R,  are  brought 
near  eHe.h  other,  the  mutua]  repolaion  of  tJie  similar  electricities  canaea  them  to  aeen- 
mulate  on  tlioee  points  of  the  sur&cea  which  are  farthest  from  each  other.  On  the 
other  hand,  if  they  are  oppositely  charged,  the  mutual  attraction  of  the  -t-  E  and  —  £ 
eauaes  them  to  accumulate  in  greatest  quantity  on  the  contiguous  portions  of  the  sur- 
fiiees.  When  a  body  containing  exceea  of  +£  is  brought  near  a  neutral  body, 
as  B  C  {Jig.  377),  the  —  E  drawn  to  the  nearer  end  of  that  body  aeto  upon  the  ¥  E  o(  A^ 
oinsing  it  to  accumulate  on  the  part  of  A  nearest  to  B ;  and  this  ag&in  causes  a  furthir 
f  ov  m  "Eto  B,  and  thus  the  action  goes  on  till,  if  the  bodies  are  not  too  far  apart, 
the  mutual  attraction  of  the  opposite  electririties  is  strong  enougli  to  oreroome  the  re- 
sistance of  the  air  or  other  intenrening  insulutor,  and  nn  intercHanp;o  of  the  two  tnkes 
pla(M>  in  the  form  of  a  spark,  the  result  being  that  the  previoualy  electrified  body  has 
Its  charge  diminished,  and  the  previously  neutral  body,  if  iiunuated,  beoomea  ptrma- 
nentiy  charged  with  the  same  kind  of  electricity  us  A. 

Wo  proceed  to  apply  the  preceding  principles  to  the  construction  of  several  useful 
elcctrioU  instruments. 

Tlw  SIcotroplionia. — Thia  instrument  consists  of  a  cake  or  plate  A  (fy.  378),  of 
some  material  eaaUy  excited  by  friction,  aa  gkas,  ebonite,  gutta  percha,  or  rrainoua 
mixtures  of  various  kinds,  rfflting  on  a  metallic  plate  B,  called 
the  sole,  and  provided  with  amctalliccover  C,  which  simply  Fiff.  378. 

rests  upon  it,  and  can  be  remored  by  an  insulating  handle  H. 
A  good  material  for  the  cake,  according  to  Bottger,  ia  5  pta. 
shellac,  6  mastic,  2  Venice  turpentine,  and  1  nuuine  glue,  (a 
mixture  of  shellac,  coal-tar,  and  caoutchouc,  i.  739).  This 
mixture  must  be  carefully  hfat^nl  over  a  fire,  so  that  when 
poured  out,  it  may  have  no  air  bubbles  on  its  surface.  Pfaff 
recommends  a  mixture  of  8  pta,  colophony,  1  shellac,  and  1 

Venice  turpentine.    Shellac  mixed  only   with    1«)  per  cent  

Yenioe  tarpentioe  is  still  better,  but  dearer.  Eitlier  of  these  resinous  mixtures  is 
better  than  glass  or  ebonite,  because  it  docs  not  condense  moisture  so  easily  on  its 
BUtface. 

The  resinous  cake,  when  beaten  with  a  cat-skin,  becomes  negatively  electrified. 
When  the  cover  is  laid  upon  it,  no  eommimfcation  of  electricity  take*  place  from  one 
to  the  other,  but  the  —E  on  the  surface  of  the  cake  afts  inductively  on  the  electric 
fluids  of  the  cover,  attractinp  the  +  E  to  the  lower  surface  and  repelling  the  —^  to 
the  upper.  If  the  cover  be  lifted  up  >»y  it^  intudating  handle,  the  electric  fluids  reunite, 
and  the  cover  appears  perfectly  neutral.  Bat  if,  while  it  rests  on  the  cake,  it  be 
touched  with  the  finger,  the  —  E  on  its  upper  surface  is  driven  away,  and  more 
+  E  enters  it ;  so  that,  on  removing  the  finger  and  then  raising  the  cover  by  ita 
insulating  handle,  it  appean  strongly  positive  and  gives  bright  uparks.  On  dis- 
charging the  cover,  replacing  it^  again  touching  it  with  the  finger,  insulating,  and 
raising  it  by  the  handle,  it  will  again  be  found  charged  with  >  £  aa  strongly  as 
httfava ;  and  this  chaxging  of  the  cover  may  be  repeated  any  number  of  times,  as  long 
as  th«  sntikiee  of  the  cake  retains  its  negative  charge,  which  in  a  dry  atmosphere  it 
will  do  fcr  a  long  time.  Indeed,  if  the  cover  be  laid  on  the  cake  and  the  apparatus 
set  aside  in  a  dry  place,  it  will  retain  Ihi  ^-harge  for  months. 

If  glass,  or  any  other  material  which  becomes  positive  by  firiction,  be  used  ss  the 
electric,  the  cover  will  of  course  acquire  a  negative  charge. 

The  electrophonw  ia  a  very  convenient  instrument  to  the  chemist,  as  it  supplies  a 
ready  means  of  obtuining  a  spark  for  the  explosion  of  gaseous  mixtures. 

Tli«  Condeoaer. — ^This  is  a  contrivance  for  increasing  the  delicacy  of  clectrosoopes. 
On  the  cover  of  a  gold-leaf  electroscope  {fig.  379)  is  laid  a  circular  brass  plate,  well 
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polisbod ;  and  on  tlus  is  laid  aaother  hnuu  pkte  of  tho  same  diameter,  prorided  'with 
ui  iDFulatin^  handle,  and  covered  on  its  lover  Barfkce  with  cop«l  vamiah,  to  pivTect 
metallic  contact  betire«n  the  plates.  Let  the  lower  plate  a,  be  eoimected  witJh  a  feeble 
Bource  of  electricity  (my  +  E)  not  strong  enough  to  produce  a  aenoible  deflection  of 
the  gold-leawe.  Now  touch  the  upper  pkte  b  with  the  finger.  The  +£  in  « 
vill  thea  decampaw  the  electric  fluid  in  b,  driring  the  +£  away,  and  oanaiag  a 
flow  of  —  £  to  the  lower  sor&oe  of  b;  this  ~E  will 
then  draw  more  +  E  into  a,  and  this  again  will  draw 
more  —Eio  the  lower  §urface  of  A,  and  thua  the 
action  will  go  on  till  s  quantity  of  +  £  is  aocomolattd 
on  a,  much  larger  than  it  would  othorwiae  hare 
acquired.  Now  disconnect  a  with  the  aonroe  of 
electricity,  and  liH  up  the  plate  b.  The  -»-  E  aoeoma* 
lated  on  a  will  then  diffuse  itself  through  the  elee- 
troecope,  and  cause  the  leaves  to  diveige.  In  this 
way,  decided  indieationa  of  dectaric  action  may  oftaa 
be  obtained  from  aourcaa  too  feeble  to  produce  a 
deflection  of  the  electroscope  by  direct  communicatioo. 
Instead  of  using  the  instrument  in  the  war  jnst  de- 
Bcribed,  the  upper  pkte  may  be  oonoected  with  the 
sooTce  of  electricity  and  the  lower  pkte  with  thegroond; 
in  this  cose,  the  action  will  take  place  in  a  nmikr 
manner,  but  the  electricity  with  which  the  leavei 
diTergo  will  be  of  the  opposite  kind  to  that  of  tht 
source. 

Tlie  Coftted  Vlate  and  Xieyden  Tar. — Let  a 
glass  plftte  C  {Jig.  380)  cooted  on  both  sides  with  tin-foi] 
to' within  about  2  inches  of  its  edges,  and  having  a  pith- 
ball  suspended  by  a  thin  silver  wire  attached  to  each 
coating,  h«  placed  near  the  conductor  of  an  eleetrieal 
machine,  so  that  -f  E  may  be  communicated  to  one  at 
its  coatings  p,  while  the  other  n,  rraiHins  insolated. 
Both  the  pith-balls  immediately  stand  out,  and  the 
approach  of  an  excited  glass  rod  shows  that  b  aa  weD 
as  a  has  received  a  posiitiTe  diarge.  The  cattae  of 
this  18  obriona.  The  ■¥  E  communicated  to  the  ooatiiig 
p  from  the  machine  draws  the  —E  of  the  opponta 
coating  n  towards  the  surface  of  the  glass,  and  tmk 
the  +  £  to  the  outer  surface  of  n,  and  into  the  bul  4. 
While  the  coating  n  remains  insulated,  -f  E  continas 
to  flow  int43  the  coating j?,  till  a  particle  of  it  is  repeQed 
as  strongly  in  one  direction  by  the  action  of  the  -f  £  <m 
the  two  coatings  |7,  n,  aa  it  is  urged  in  the  contrair  di- 
rection by  the  -\- E  ia  the  conductor  of  the  machine. 
When  this  point  is  attained,  the  electricity  begins  to 
start  out  &om  the  edgea  of  the  coating  p  in  spiiii 
and  itreanu  in  all  directions.  Now  connect  n  with 
the  ground.  Immediately  the  state  of  tenaion  oi  the 
electricity  on  p  appears  rsUeved,  and  the  eacaft  d 
electricitj  from  its  edffea  oeaaes;  in&ct  the  -f-^oo 
the  outer  surface  of  »  naa  been  driven  away  into  the 
CTOimd,  and  ~^E  haa  entered  in  its  place ;  this  —S 
araws  l^e  4-E  on  p  more  towards  the  swfuc  of  tba 
glass,  and  enables  mora  +  ^to  enter  it  from  the  machine  ;  and  this  action  will  go  oa 
till  a  particle  of  ■«-  J?  about  to  enter  p  ia  sa  much  repelled  by  the  4-  E  which  has 
already  entered  p,  as  it  is  attracted  by  the  -  £  on  the  opposite  ooatizig  n,  and  T9> 
pelled  by  the  -tEia  the  conductor  of  the  machine.  Daring  all  this  time,  the  ooating 
p  remains  active  towards  external  bodies,  giving  sparks  when  touched,  and  cannag 
the  ball  a  to  stand  out,  while  n  remains  neutral  to  external  bodies,  althoogh  it 
contiiins  a  large  excess  of  —  E.  This  mu^t  indeed  be  the  caae ;  for  ao  long  as  nremaiu 
uninsulated,  +  E  wUl  f  ow  out  of  it,  till  a  particle  on  the  outer  suifaoe  is  aa  maeit 
attracted  by  the  —2?  on  the  rest  of  the  coating  n,  as  it  is  repelled  by  the  tEou  p. 
Further,  it  is  evident  that  to  nroducc  this  equilibrium  on  n,  the  qnaotitj  of  ■«-  £  on^ 
must  be  absolutely  greater  than  that  of  the  —E  on  n,  because  the  nrmer  acts  at 
a  greater  distance  on  any  particle  of  electricity  in  n.  But  from  this  it  also  foUom 
that  the  coating  p  must  contain  free  4-  E ;  because  the  ^£  on  n.  being  smaller 
in  qnantity  thm  the  -f  £  on  p,  and  likewise  acting  at  a  greater  diatancfl;  caniMt 
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neatmliM  the  whole  of  it.  Hence  od  removing  the  apparattu  from  the  m&chine,  nud 
diBOOBBectug  n  with  the  earth,  p  appears  active.  ipTing  «p«rks  sod  repelling  the  ball 
a,  while  n  v»  seatral  and  the  ball  b  h&ngs  TtTtically.  Now  touch  p  with  the  finger  or 
•ajr  other  nninsolated  conductor ;  imtae<liatdj  p  bucomes  neutral,  for  the  same  reasoD 
that  n  was  nentral  beforf>,  that  if  to  say,  +  E  ts  driven  out  of  it,  till  the  action  ct 
the  -I- £  still  remaining  on  it  \»  neutralised  hj  the  —E  on  n.  Then,  aa  before,  it 
fellowB  that  the  qoantitj  of  this  —  £  mn«t  now  be  greater  than  that  of  the  -i-  E  on 
p :  eonaeqnently,  a  portion  of  the  —  J5  on  «  will  be  free,  the  pith-b&U  b  will  atoad 
oat,  and  the  coating  n  will  give  a  Kpork  to  an;  conductor  which  approaches  it.  In 
this  waj,  each  coating  may  be  altematety  rendered  neutral  and  nctive,  a  certain 
portion  of  +E  being  each  time  taken  from  the  one,  and  —E  from  the  othn,  tUl 
Doth  are  restored  to  their  natural  state. 

The  aeeumulating  power  of  the  coated  plata  maj  be  approximatelj  estimated  aa 
follows : 

Let  the  quantity  at  ^E  which  the  coating  p  can  take  up,  when  n  in  insulated,  be 
denoted  by  1 ;  and  suppose  the  thickness  of  the  plate  to  be  such  that  this  quantity  1 
on  p  can  neutralise  on  n  a  quantity  of  —J?  denoted  by  ^  a  fraction  less  than  1. 
Then  ^  on  n  wiH  neutralise  /i'  on  p ;  this  will  neutnvlise  ft*  on  w,  and  so  on-  Conse- 
quently, the  total  quantity  of  -f  £  accumulated  on  p  when  n  is  uninaalated  and  the 
plate  is  fully  charged,  will  be : 

1  +  m'  +  M*  +  M*  +  &c  - ; 

I  ~  ft* 

and  the  quantity  of  *-  £  accumulated  at  the  same  time  on  n  will  be  : 

^  +  M*  +  M*  +  M*  +  &c.  -  ■    **    -. 
1  -  ^' 

li^  for  example,  ft  'm  —  ,the  quantity  of  +  E  accumulated  on  p  will  be  — ^  —  6~ 
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and  that  of  ->  £  on  n  will  be  ^   i*  4  —  ;  that  is  to  say,  the  plate  with  one  coating  un- 


10 


insnlated  can  take  up  rather  more  than  6  times  aa  much  electricity  as  when  both  sides 
are  oninsulAted. 

The  quantities  of  -^  E  removed  by  alternately  touching  the  two  coatings  ore,  from 
the  positivB  coating,  1 ,  /i',  ft,*,  ft*,  &c.,  and  from  the  negative  coating,  ft,  ft\  /i*  &c. 

I^  instead  of  touching  the  coatings  alternately,  a  direct  commumcatioD  be  made 
between  them  by  touching  the  neutral  coating  with  a  wire 
and  bending  it  round  till  it  comes  within  a  short  distance  of  fig  jg^^ 

the  active  coating,  a  sudden  dischaigo  takes  place,  sccom-  ^_ 

panied  by  a  bright  flash  and  a  loud  soiip,  the  large  qoantitiea  (\ 

of  the  opposite  electricities  accumulated  on  the  two  eoatisga 
reeombimng  at  once  through  the  conducting  wire.  The  dis- 
ehaige  thus  effected  is  not»  however,  quite  complete;  a  small 
qoantity  of  electricity  always  remains,  and  muy  ne  dischame^l 
by  again  connecting  the  coatings  aft«r  a  short  time.  Thia 
residual  charge  is  due,  partly  to  the  penetration  of  the 
opposite  electricities  within  the  snbetance  of  the  glass,  p«rtly 
to  their  extension  beyond  the  edge  of  the  coatings. 

When  the  communication  is  made  by  touching  the  two 
coatings  with  the  hands,  the  peculiar  convulsive  sensation 
called  the  electric  shock,  is  experienced  in  the  arms  and  chest. 

The  quantity  of  electricity  which  may  be  accumulated 
en  a  coated  plate  of  glass  or  other  insulator  increases  directly 
witli  the  extent  of  coated  surface.  With  a  given  extent  of 
mrfaee,  it  is  also  greater  as  the  glass  is  thinner :  for.  as  the  ac> 
eamnlation  depends  upon  the  mutual  attraction  of  the  opposite 
deetrieities  on  the  two  eurfaces,  it  wiU  be  greater  as  the 
distance  between  them  is  less.  The  thickness  cannot  how* 
ever  be  diminished   beyond   a    certain  limit,    as  the    two 

electricities  would  then  recombine  through  the  substance  of  the  glass  and  caase  a 
fnvrtnre. 

The  ohRTging  of  a  coated  Lnpulafor  takes  place  in  the  same  way,  whatever  may 
be  its  shape.  The  most  convenient  form  i»  that  of  a  glass  jar  (fiff.  381)  coated 
with  tin -foil  inside  and  out  to  within  a  few  inches  of  its  lip,  and  fitted  with 
a  wooden  lid.  through  which  there  passes  a  brass  rod,  terminated  above  by  a 
knob  and  below  by  a  chain  reaching  to  the  bottom.     Hie  jar  is  ehaiged  by  holding 

cc2 


388 


ELECTRICITT. 


ita  knob  to  the  conductor  of  the  machine.  If  it  be  insulat4>d,  sp&rks  maj  ht 
tak«n  from  the  outer  coattug  all  the  time  that  the  charging  ia  goine  on.  lu  thi« 
way  two  jars  may  be  cbugod  at  odca  ,'  but,  from  the  pn^ceding  exiSaju&tioD,  it  ia 
evitlt-nt  that  thei  charge  of  the  second  jar  will  not  be  so  strong  as  that  of  the  first. 

When  a  very  large  extent  of  eoated  eurfaco  is  required,  a  number  of  j&ra  are 
eonncHsted  together  liy  placing  them  in  a  tray  lined  with  tin-foil  and  joining  their 
knoba  by  braas  rods;  they  tLen  act  aa  one  jar.  The  arrangement  is  called  tn 
iSfcin'au  Battery, 

Unit-jar. — Thia  ia  a  very  useful  contrivanoe,  inveDted  by  Mr.  Harria.  of  Tlyawath, 
for  measuring  the  quantity  of  electricity  communicated  to  a  large  jar  or  battecy.  It 
conaiata  of  a  amall  Leyden^ar,  A  {fig.  382),  supported  in  an  inverted  position  on  \h» 
insulating  stem,  e  f.  The  inner  coating  of  this  jar  is  connected  b^  the  wire  a  <f  with 
the  pontive  conductor  of  an  electrical  machine,  and  lib  outer  coating  ia  connected  by 
the  wijre  h  with  the  inside  coating  of  the  jar  or  battery  to  be  chai^getL 
Fig.  382.  To  \h<6  outer  coating  of  A  there  ia  also  attached  a  wire  ^  c,  terminating 
in  the  brass  knob  c,  at  a  short  distance  fiom  o.  On  working  the  m^'*-^"' 
+  ^  is  communicated  to  the  Inside  of  the  unit-jar  A,  and  a  i 
quantity  of  +  £  is  thewby  driven  from  tho  outer  coating  through  { 
wire  b  into  the  jar  or  buttery  to  be  charged.  Aa  aoon,  however,  as  tli« 
charge  of  the  wait-jar,  has  reached  a  certain  dc^^ree  of  intensity,  a  di«- 
chorge  takes  place  bj  a  apark,  between  the  knobs  a,  e,  thia  dischai^ 
merely  neutralising  the  charge  of  the  miit-jar.  without  affecting  that  of 
the  large  jar  or  battery  :  on  continumg  to  work  the  machine,  more  +  E 
ia  driven  from  the  outside  of  A  into  the  large  jar,  and,  after  a  while,  the 
am  all  jar  is  aguin  disctuurgod  by  a  spark  at  a  c.  Now,  as  the  distaooe  of 
the  knobs  a  c  re  mains  constant^  it  is  clear  that  each  diacharge  indieatn 
an  equal  charge  of  the  unit-jar,  and  consequently  the  tzaiuference  of  an 
equal  quantity  of  +  £  from  the  outside  of  this  jar  to  the  innde  of  the 
larger  jar  or  battery.  Hence  the  uumber  of  sparks  phasing  between  tho 
knobfl  a,  c  serves  as  a  measure  of  the  quantity  of  electricity  xrcomntoted  ia 
tho  large  jar  or  battery. 
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'"'^^--v        T!ie  recombination  of  the  opposit**  electricities  which  conxtittites  di*- 
^^^   charge,  may,  aa  already  observed,   he  either  continuous  or  sudden,— 
'^^  A  continuous,  or  in  the  form  of  a  cu  rre  n  t,  when  two  sources  of  the  opposite 

^^iaaiaa^^  electricities  are  connected  by  a  good  conducting  chain,  —  as  when  tb« 
two  conductors  of  a  cyliiider  machine  (p.  379)  are  joined  by  a  metallie 
chnin  or  wire  ; — sudden,  when  the  opposite  rlectricities  are  allowed  to  aecomulate  od 
the  surfaces  of  two  contiguous  conductors  till  their  mutual  attmction  becomea  itraog 
enoi^rh  to  overcome  the  imten-ening  reaistancjea,  whatever  they  may  be.  It  is  iscarcrlj 
necessary  to  observe  that  tho  dimrence  hel«  mentioned  is  one,  not  of  kind,  bat  of 
degree ;  there  is  no  such  thing  an  an  absolute  non-conductor,  and  the  very  best  coo* 
dnrtors,  viz.  the  metals,  offer  an  appreciable  and  measurable  resistance  to  thej 
of  the  electric  fluid ;  still  the  difference  at  the  two  extremes  of  the  scale  is  i 
great  to  give  riae  to  a  wide  range  of  phenomena. 

Discharge  ihroitgk  Air  and  other  Geuet:  the  EUctrie  Light. 

When  two  opposit/ely  charged  conductors  are  brought  within  a  certain  distaoea  J 
one  another  in  a  gaseoua  medium,  discharge  takes  place  between  them  in  the  «v 
known  form  of  the  electric  spark.  The  form,  dimensions,  brigbtQe.<»,  and  colour  oft 
Efvark.  vary  considerably  accordti^;  to  the  size  and  shape  of  the  conduciora,  and  tlienatan 
Hud  physical  state  of  tho  surrounding  medium.  When  the  eurfaoea  are  well  rounded,  as 
those  of  Bpheros.  or, tho  ends  of  cylinders  of  considerable)  diameter,  and  the  distanc* 
between  them  not  very  greats  the  sparks  are  nearly  continuous,  straight,  and  attended 
with  a  loud  sQapping  noise ;  on  increasing  the  diataaoe,  they  pass  at  longer  inter^al^ 
and  with  a  louder  noise,  because  the  opposite  electricities  have  to  be  brought  to  a 
higher  state  of  tension  before  they  can  overcome  the  reNistance  of  the  intervening  air, 
and  consequently  a  greater  (quantity  of  electricity  passes  in  a  ain^e  spark.  At  a  still 
longer  interval,  if  the  raachTne  is  in  good  action,  the  sparks  become  forked,  as  if  the 
electricity  were  seeking  out  the  easiest  passage  through  the  air,  and  taking  advanta^ 
of  any  conducting  matter,  such  as  particles  of  dust,  that  ma^  be  floating  in  it ;  at  tht 
wime  time  the  spark  becomes  less  bright,  and  is  attended  with  a  dtiller  snap  and  man 
or  lt*9  of  a  stpmttering  noiee.  Between  smaller  b^,  or  when  a  small  ball  is  presa&ted 
towards  the  conductor  of  the  macliiue,  tite  sparks  at  a  given  distance  are  more  eoa> 
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||mioa%  beentH  a  noaller  quantity  of  eleetridtjr  anffloM  to  prodnee  tli«  raqninto 
•rndoD. 

W])pn  A  brmM  rod  tcnninatuig  in  a  ball  is  inaerted  into  the  podtiTe  condactor  of  a 
machine  in  good  ACtioo,  and  no  other  eood  condactor  ia  near,  the  electricity  ia  ott^a  dis- 
charged from  it  in  the  fomi  of  a  braBU  (Jiff.  383),  oonciating  of  a  ahort  straight  Htem 
and  niunerotu  dir<T|^ing  mmiflcations,  the  effect  being  greatly  aaaijted  by  any  slight 
roiichne«8  on  the  surface  of  the  ball,  or  by  holding  a  UiTge  condacting  mmoe,  vaeh  as 
the  nand,  at  the  distuoce  of  a  few  incbee  from  it  It  is  catued  by  the  discharge  of 
comparatiTply  pmall  qnantities  of  electricity  at  rery  abort  interviila,  the  tension  at  ona 
point  of  the  electrified  ball  being  brought  up  to  the  diachargin^  poial,  while  thero  ia 
no  good  conductor  near  enough  to  reccire  a  Lirger  quantity  of  the  accttmalated  elec- 
tricity at  once.     The  elertnatv   then  eacapea 

into  the  air  in  riaihle  streams,  the  light  becom-  Fi^,  8W. 

ing  fainter  and  fainter  as  it  is  diflViaad  orer  a 
vidrr  apace,  and  at  a  certain  diatanee  oeaainK 
•ItOBVther.  A  large  conducting  enrfaee  held 
within  a  certain  diBtance  of  the  ball  fHcilitat«a 

the  brush  discharse,  by  itself  aasiuniog  the   i  . 

negaiire  ntate  of  charge,  and  thoa  inteoufying 
the  positive  charge  on  the  ball  (p.  S85). 

By  using  a  smaller  ball  or  a  thick  wire  with 
a  rounded  end,  the  brash  booomea  moro  con- 
tinnoua,  but  smaller  and  less  lumiDoue,  and  when  the  conductor  terminates  in  a  sharp 
point,  the  brunh  disappears  altogether,  and  is  replaced  by  a  quiet  and  coutinnoua 
glow,  surrounding  the  point,  and  accompanied  by  a  stream  of  air  flowing  ontwardt 
from  it  In  this  case,  in  consequence  of  the  intensity  of  the  charge  near  tba 
«od  of  the  wire,  the  sariounding  particles  of  air  are  quickly  brought  into  a  similar 
daetrical  state,  and  are  repelled,  and  thus  carry  away  the  electriaty  of  the  pointed 
floodnctor  so  rapidly,  that  only  a  small  quantity  of  it  'escapes  in  risible  form.  Tha 
glow  may  be  changed  into  a  brush  by  anything  which  imjpedes  the  current  of  air,  aa 
by  the  approach  of  tli<^  hand  or  other  large  conducting  surface.  The  glow  is  of  a  more 
c<:)ntinuous  character  than  the  brash,  a  Binaller  quantity  of  electricity  sufficing  to  keep 
the  end  of  a  pointed  wire  at  the  discharging  tension  than  when  the  conductor  haa  a 
rounded  tannination.  Hence  glow  may  be  changed  to  brush  by  charging  the  conduc- 
tor at  interrala  instead  of  continuously ;  thus  a  pointed  wire  inserted  inio  an  insulated 
conductor  placed  in  contact  with  the  conductor  of  an  electrical  machine,  will  exhibit 
glow  discharge ;  but  by  separating  the  two  conductors,  ao  that  sparks  may  pass  from 
the  nukchine,  the  glow  is  changed  into  a  Buccession  of  brushes. 

The  character  of  the  brush  in  air  raries  greatly  according  as  the  body  ft>3m  which  it 
proceeds  is  electrified  positiTely  or  negatively.  The  negatire  brush  {fi^.  384)  is  in  all 
casea  much  smaller  ana  more  compressed  than  thepositire  brush,  never  exhibiting  the 
aam«  beantifdl  ramifications  as  tne  latter.  This  is  the  case  whether  the  negatire 
brush  proceeds  from  a  small  knob  or  a  blunt-pointed  rod  insort(>d  into  the  n^tire 
conductor  of  the  machine,  or  from  a  similar  knob  or  wire  held  within  a  certain  dia- 
tanee of  the  positive  conductor,  so  that  it  may  acquire  a  negative  charge  by  induction. 
When  the  two  brushes  are  produced  simultaneously,  by  holding  an  uninsulated  knob 
or  wire  near  another  wire  inserted  into  the  positive  conductor  of  the  machine,  the  dif- 
ference in  their  appearance  ia  very  conspicuous  {fy.  386). 


Fiff.  384. 


Fiff.  3S6. 
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The  camse  of  this  remarkable  difference  has  been  the  subject  of  much  discussion,  and 
ia  perhapa  not  quite  satisfactorily  made  out ;  but  it  is  most  probably  related  to  the 
ftcC,  which  Faraday  has  derooostrated  by  numerous  eij>erimx«nt8  {tj^perimmtal  Re- 
mmreKes,  Heriei  xiL  xiii.),  that  ne^tire  electricity  dischargos  into  air  at  a  somewhat 
lower  tension  than  positive  electricity,  so  that  a  negatively  dectrified  knob  or  wire 
projecting  into  the  air  is  sooner  brought  up  to  the  state  of  tension  at  which  discharge 
eommencea,  than  one  which  is  positively  electrified,  and  therefore  discharges  the  ele<s 
tricity  at  shorter  intervals  and  in  smaller  quantities  at  once.  Faraday  has  ascertained 
that  a  rounded  metal  rod  projecting  into  the  air  and  electrified  negadrely,  discbaigea 
at  intcrrab  aeven  or  eight  times  shorter  than  when  it  is  charged  podtirely.    In 
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aocortknoe  with  thii,  it  h  found  that  the  approach  of  the  hand,  or  other  laifl  < 
duotor.  doea  not  alt«r  the  character  of  the  negative  as  it  does  that  of  the  positive  tw 
until  it  \»  brought  near  enough  to  produce  a  spark. 

When  the  end  of  the  electrified  conductor  is  reduced  to  a  point,  very  little  diffnroce 
can  be  pereeired  between  the  pogitire  and  negative  discharge  from  it. 

Dark  Discharge— Thif  glow  discharge,  especially  on  a  negative  eurfaco,  ifl  geoeraDy 
acoompanied  by  a  dark  interval  through  which  the  electricity  appears  to  traTelwitJioal 
being  riiiiile,  Faraday  describea  an  experiment  in  which  two  brass  roda  04  of  aa 
inch  in  diameter,  entering  a  glass  globe  on  opposite  sides,  had  their  enda  brought  in 
contact,  and  the  air  about  Lhem  very  much  rarefied-  A  discharge  of  electricity  was 
then  made  through  them,  and  wbilet  that  was  continued,  the  enda  were  sepazated 
one  from  the  other.  At  the  moment  of  separation,  a  oontinnoua  glow  came  over  the 
negative  rod,  the  positive  termination  remaining  quite  dark.  As  the  diatanee  «w 
iniTnaifid.  a  pnqile  stream  or  haze  appeared  on  the  end  of  the  positive  rod.  and 
pKoeeded  directly  outwards  to  the  negative  rod,  elongating  aa  me  intarral  wii 
enlarged,  hut  never  joining  the  negative  glow,  there  being  always  an  interval  of  ^  ta 
^  of  an  inch  between  them.     The  appearance  is  shown  in  fig.  386. 


Fig.  386. 
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It  appears  then  that  air  can  discharge  electricity,  like  a  conductor,  withoat  Ituninosity. 
Id  many  cases,  the  eJ9>ct  is  donbttesa  to  be  attributed  to  the  current  of  air  which,  as 
already  observed,  iavariably  accompanies  glow ;  in  other  cases,  however,  this  enlana- 
tion  will  scarcely  suffice :  for  dark  intervals  are  often  seen  in  sparks,  ^tpediUj  in 
coal-gas,  in  which  case  the  discharge  is  too  rapid  to  admit  of  the  formation  of  a  comBt 
of  air.  In  such  cases,  the  dark  intervals  probably  consist  of  portions  of  air  poaacsscd 
of  greater  conducting  power  than  the  rest,  perhaps  from  the  presence  of  particles  of 
dust — or  in  coal-gas,  m  which  they  are  peculiarly  conspicuous,  from  the  presence  of 
minute  particles  of  solid  hydrocarbons  flouting  in  the  gas.  The  phenomenon  may  be 
compared  to  that  which  is  seen  in  the  ignition  of  a  wire  composed  of  alternations  of 
silver  and  platinum  by  the  voltaic  current,  the  ailTer,  which  oondocta  better  than  the 
platinum,  appearing  less  luminous, 

Diicharqe  in  Rarefied  Air.  —  "When  the  air  between  two  oppositely  chajged  bodies  ii 
rarefied,  the  number  of  particles  which  oppose  the  union  of  the  opposite  dectridtiei  ii 
diminished,  and  consequently  a  lower  intensity  of  chwige  will  be  BofficieDt  to  indna 
their  oombi nation.  Hence  with  a  given  charging  power,  the  spark  wfll  atzikp  throog^ 
longer  distances.  The  moat  convenient  apparatus  for  showing  this  eflfect  is  an  ordioaiy 
cylindrical  receiver  standing  on  the  plate  of  an  air  pump,  and  closed  at  the  top  with  i 
brass  cap  and  stuffing  boi,  through  which  there  passes  a  brass  rod,  torminating,  withia 
the  receiver,  in  a  ball,  or  point-,  or  any  other  tiesired  form.  By  connecting  this  rod 
with  the  conductor  of  the  mncbine,  and  working  the  pump,  the  increased  fiuilityaf 
diacharge  as  the  rarefaction  proceeds  is  strikingly  einibited.  When  the  exhanstioa 
has  been  carried  to  a  considerable  extent,  the  whole  of  the  receiver  api^eaTS  filled  with 
beautiful  streams  of  violet  or  rose-coloured  light,  which  pass  with  little  or  no  noiML 

The  conditions  which  determine  the  occurrence  of  brush  and  glow  in  highly  rveAtd 
air  are  much  the  same  as  iu  air  of  ordinary  density,  li^lhen  the  sliding  wire  is  placed 
in  complete  metallic  communication  with  the  conductor  of  the  machine,  so  that  ths 
supply  of  electricity  is  very  regular,  the  ball  at  tho  lower  end  of  the  wire  generally 
becomes  covered  with  a  quiet  glow,  the  greater  part  of  the  receiver  remaining  daik, 
and  only  a  few  slight  coruscations  appearing  here  and  there  on  the  plate  d  the  ur 
pump:  nut  by  allowing  sparks  to  pass  from  the  machine,  tbe  dischai^e  in  the  reeeiT«r 
immediately  takes  the  forms  of  splendid  streatna  and  brushes.  Bareiaction  of  the  sir 
aeems  to  derelope  the  negative  brush  in  a  greater  degree  oomparatively,  than  the 
poaitive  brush.  Aocording  to  Faraday,  extensive  ramifications  are  easily  obtained 
from  a  ball  or  rounded  termination  electrified  n(>gativclr,  to  the  plate  of  the  air  punp. 
The  ^low  is  also  very  easily  prod^iccd  on  a  negative  baU.  in  rarefied  air. 

It  uj  of  course  impossible  to  say  what  would  take  place  in  a  perfect  TSCtnim,  whetlur 
in  fact  the  discharge  would  take  the  form  of  a  continued  stream,  or  be  stopped  alto- 
gether; the  former  supposition  is  perhaps  the  more  probable;  but  in  an  atmospbareof 
extreme  tenuity,  such  as  the  TorriceUian  vacuum,  in  which,  however,  vapocr  of 
mercury  is  present,  or  the  vacuum  produced  by  filling  a  tube  with  carbonic  acid  gMi 
exhausting  as  much  as  possible  witn  the  air-pump,  and  absorbing  the  rema^der  by 
solid  potash,  very  remarkable  efects  are  observed.  The  diachaige,  whether  from  tk« 
conductor  of  an  electrical  machiao,  or  from  a  Ley  den  jar  discharged  throngfa  a  »rt 
string,  or  from  a  voltaic  batteiy,  or  from  an  induction  coU,  generally  exhibits  remark' 
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M^  stntiflrationa,  th&t  ia,  alternations  of  light  and  dark  bandl,  extnding  from  one 
terauiuj  eoodoclor  to  the  other.  TheM  gtratificiitioQa,  which  hAve  probablr  Mune 
analogy  to  the  light  and  dark  bands  obaerred  bj  Faradaj  in  the  spark,  and  othflf 
iKm»  at  diadiarge,  are  aeea  onlj  whco  the  rarefaction  is  carried  to  a  very  high  deg;rM 
— but,  on  the  other  hand,  they  disappear  when  the  Tacumn  i»  nearly  paifeet,  the 
diMharge  then  appearing  coDtinuons  throogbont  th«  tube.  In  the  TorrioeUiao  TaetiviB, 
whea  not  rery  complete,  the  discharge  is  sometinK'd  intensely  white,  filling  the  entire 
tabe,  vithoat  stratiflcation.  These  carious  and  brilliant  phenomena  have  been  stodied 
in  great  detail  by  M.  Gassiot,  and  are  described  is  a  series  of  papen  pablished  ia 
the  Transactions  and  Proceedings  of  the  Royal  Society  (PhiL  Tnns.  1858,  1868 ; 
Froc.  Roy.  Soc  x.  146,  601 ;  xi.  36,  269,  274.  898,  432).  We  shall  return  to  them  is 
apeddng  of  the  light  produced  by  the  Toltaie  battoy  and  the  indactioo  coiL 

Diteharge  in  different  Gasea. — Different  gases,  at  the  same  pressure  and  tcmpentu^ 
pooMas   diffuvnt    powers 

of  insalatton.      Faraday  J^.  387. 

haa  obtained  approximate 
measores  of  these  differ* 
caeca,  by  means  of  the 
■Dparstas  represented  in 
/^.  887.  8,  L  are  two 
uaas  balls,  the  distaaee 
between  which  can  bo 
varied  at  pleasure,  and  «, 
i  two  other  balls  of  nearly 
the  same  diameters  as  a 
and  Lk  bat  placed  at  the 
fixed  distance  of  0-62 
inch,  and  enclosed  in  a 
receirer  which  can  be  «x- 
bansted    and  filled  with       y  . 

anr  required  gas.     The     /  ® 

balla  «,  8  are  connected 
by  wirea  with  the  insn*  .  . 
leted  conductor  «,  which  \  i  ^ 
can  ihielf  be  connected  at 
pleasure,  either  with  the 
positiTO  or  with  the  ne- 
gatire  conductor  of  an 
electrical  machine,  and 
the  huge  balls  /,  X  are 
connected  with  the  oartL 
It  is  clear  that,  with  air 
in  the  receiver,  the  dis- 
charge may  be  made  to 
pass  in  snurks  either  at  tr  orat  «,  by  increasing  or  dinimshing  the  distanre  beCwaen 
the  balls  8y  L ;  and  by  filling  the  receiver  with  different  gases,  and  rrguluting  the 
distance  between  these  balla,  so  as  to  cause  all  the  sparks  to  paas  at  p,  the  wlativo 
insolating  power  of  the  gases  may  bo  measured.  It  was  found,  however,  that  tha 
interval  v  might  be  altered  within  certain  limits,  and  yet  sparks  pass  either  ^ere  or  at «. 
The  extremes  were  therefore  noted,  viz,  the  greatest  distance  short  of  that  at  which 
the  dischaise  alwai/3  took  place  at  o  in  the  ^,  and  the  least  distance  short  of  that  at 
which  it  alwa}/»  took  place  at  u  in  the  air.  The  intervals  were  also  found  to  bo 
different  according  as  the  small  balLi  #  and  S  were  made  positive  or  negative.  Tha 
following  table  gives  the  m«an  results : 

■  #  and  8 

^V  potUlre. 

^^^^  Hydrochloric  acid  gas       ....  1*105 

^^^K  Olefiant  gas 0-7&0 

^^B^  Air 0-69a 

^^^H  Carbonic  anhydride  .  u-640 

^^^^^  Nitrogen  .......  0-6 1 A 

^^^B  Oxygen 0*506 

^^^H  Coal-gas 0-490 

^^^r  Hydzogen 0  370 

These  numbers  show  tliat,  with  a  positive  charge  on  the  small  balls,  and  with  the 
sur&oea,  and  under  ihe  same  eircamstanees  of  pressore  and  tcnpsntors,  hyd»* 


•  an4  8 
neSBUve. 
0-720 
0-730 
0-636 
0-590 
0-646 
OfilO 
0-626 
0-276 
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chloric  acid  gaa  baa  three  timei^  the  insulating  or  rtnitraioing  power  of  hydrogen  g«% 
und  nearly  twice  that  of  oxygen,  nitrogei),  or  common  air.  The  difi'ereQC«a  are  not 
due  to  specific  gravity;  for  though  hydrogen  is  the  lowest  of  all,  otygexi  i»  moeh 
lower  than  nitrogen,  and  also  lower  than  oleflant  f^  ;  and  carbonic  anhydride,  tboogh. 
much  heavier  than  olefiant  gas  or  bydrocblorie  acid,  is  lover  than  either.  Tlie  diS^ 
ence  of  insulating  power  in  tho  gaacs  appears,  therefore,  to  be  tt  cpedflc  clACttic  qoality, 
or  relation  (sec  page  400). 

The  negative  nombem  in  the  preceding  table  do  not  follow  the  same  order  as  the 
positive  numbers.  In  air,  hydrogen,  carbonic  anhydride,  olefitint  gas,  and  hydrochlonc 
add,  the  tension  rosa  highetr  vnen  the  smaller  ball  was  made  positive  than  when  it 
was  negative,  whilst  in  oxygen,  nitrogen,  and  coal-gas,  the  reverse  was  the  case.  When 
the  conductor  n  was  connected  *only  with  the  receiver  containing  hydrochloric  add  ga% 
the  discharge  was  found  to  be  easier  when  the  small  ball  a  was  negatiTe,  than  when  it 
was  positive  ;  in  the  latter  case,  much  of  the  electricity  was  given  off  as  bmsh  disdum 
from  the  connecting  wire,  whereas  in  the  former  it  all  passed  throngh  the  hydiochlaiiM 
acid  gas. 

The  colomr  and  appearauce  of  the  spark  and  brush  vary  considerably  according  to 
the  nature  of  the  gas.— In  air,  the  sparks  exhibit  the  wtdj-koown  bright  light  and 
violet-blue  colour,  and  often  have  faint  or  dark  parts  in  their  cooxtie,  when  the  quantity 
of  ek'Ctricify  passing  is  not  great— In  nitrvgm,  the  spai^  are  very  beautifol,  having 
the  KHme  general  appeamncc  as  in  air,  hut  more  colour  of  a  bhiish  or  pnrple  character. 
— In  oxygin,  they  are  whiter  than  in  air  or  nitrogen,  and  somewhat  leas  brilliant.— In 
ht/drogtn,  they  have  a  very  fine  crimson  colour,  which,  however,  dii^appears  m  the  sl- 
x&OBphere  is  mrefled;  the  spark  in  this  gas  produces  wry  little  found.— In  carbemit 
ttnh^ridt  the  colomr  of  the  spark  is  similar  to  that  in  air,  but  with  a  slight  green  tint: 
the  sparks  are,  under  similar  circumstances,  of  strength  of  charge,  form  of  eondaetora, 
&C.,  longer  and  more  regular  in  form  than  in  air ;  altogether  this  gas  affords  peculiar 
facility  to  tho  spark  dischai^. — In  hifdrofMoric  acid  gas,  the  spark  is  white,  and  ex- 
hibits no  dark  spaces. — In  cval-gas,  the  spark  is  sometimes  green,  sometimes  red,S0lDf« 
times  partly  green  and  partly  red ;  black  parts  also  occur  suddenly  in  the  line  of  th« 
spark,  that  is  to  say,  they  are  not  connected  by  any  dull  part  with  bright  portions^  but 
the  two  seem  to  join  directly  one  with  the  other. 

The  appearances  of  the  brush  in  air  have  been  already  described. — Sitroge»  givn 
bnuhes  with  great  facility  from  positive  surfaces;  they  are  always  fine  in  form,  hght» 
and  colour,  and  in  rarefied  nitn^en  are  magnificent :  they  surpass  the  dischaxgos  in 
any  other  gas,  as  to  the  quantity  of  light  evolved.  The  difference  between  the  pocitivD 
and  negative  brushes  in  nitrogpn  is  greater  even  khan  in  air. — In  aryaen,  the  positive 
brush  is  compres«^  and  poor,  while  the  negative  brush  is  not  much  less  developed 
than  in  air ;  indeed,  the  two  are  so  alike  that  it  is  often  difficult  to  distinguish  ooe 
from  the  other,  and  this  similarity  eontinnea  even  when  the  oxygen  is  gradually  nrefled. 
■ — In  hifdrogt-n^  the  positivo  brush  is  more  developed  than  in  oxygen,  hut  not  so  fins 
as  in  nitrogen  :  in  rarefied  hydrogen,  tht  ramifications  are  very  fine  in  form,  tmt  pale 
iu  colour;  in  the  rarest  state  of  the  gas  they  havo  a  pale  grey-green  tint ;  the  negativs 
brush  is  much  tho  same  in  hydrogen  as  in  air. — In  carbonic  anhydride^  at  comnMO 
pressures,  the  positive  brush  is  veiy  poor  as  to  size,  light,  and  colour ;  in  the  razcffiad 
gas,  it  is  better  in  fonn,  but  weak  as  to  h'ght,  and  has  a  dull  greenish  or  porplish  hut; 
altogether  the  positive  bmsb  in  this  gas  is  not  much  superior  to  the  negatire  brosL — 
In  htfdrochloTv:  acid  gas,  the  brush  is  very  difficult  to  produce  at  common  pPfsurea, 
even  with  the  interrupted  spark-current  (p.  189).  In  the  rarefied  gas,  the  brush  is 
more  easily  formed,  but  is  generally  of  a  low  squat  form,  poor  in  light,  and  very  «milar 
on  the  positive  and  negative  surfaces.  In  the  highly  rarefied  gas,  a  few  large  ramifi- 
cations are  obtained  from  the  positive  surface,  but  of  a  pale  bluish  coloor,  utterly  unlike 
those  of  nitroceu.'i— In  coaf-gat,  the  brushes  are  difficult  to  produce,  as  compaml  with 
nitrogen,  and  the  positive  not  much  superior  to  the  negative  in  character,  either  at  common 
or  at  low  pressures.  At  common  pressures,  they  are  short  and  strong,  generally  td  a 
greenish  colour,  and  possessing  much  of  the  spark  character. 

On  the  whole  then  it  appears  that  the  character  of  the  brush  is  essentially  connected 
with  the  nature  of  the  gas  through  which  it  passes ;  that  the  positive  bnwh  always 
shows  a  certain  degree  of  soperiori^  to  the  negative  brush ;  but  it  is  only  in  nitrogen, 
hydrogen,  and  conunon  air  that  tJie  difference  is  great,  while  in  oxygen  it  almort 
vanishes. 

Glovf-^iwharge  occurs  in  all  the  gases  above  mentioned  under  circamstances  similBr 
to  those  already  described  (p.  389) :  it  is  always  accompanied  by  a  wind  proceeding 
either  to  or  from  the  glowing  part,  and  if  the  access  of  air  is  interfered  with,  the  giuv 
dissppeara. 

Dari  diichargr  has  likewise  been  observed  in  all  the  gases  examined,  most  easily  in 
hydrachloric  acid,  and  in  coal  gas  (p.  3&0).    In  the  latter,  the  discharge  between  balk 
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•booit  an  inch  •part  -wna  accompanied  by  short  bnuhea  on  the  cndii,  and  a  daric  intrrral 
•f  aboQt  half  an  inch  b«twren  thvm.  ootwithetanding  that  the  diichai^go  had  theqtiick 
aoand  of  a  doll  ipark,  so  that  its  dark  portions  could  not  bare  depended  on  convoc- 
tion,  that  ta  to  laj,  on  the  formation  of  a  stream  of  gaaeoua  particles. 

Lfoninotu  Diacharffe  in  Liquids  and  Sohdt.—Spurka  may  be  obtained  in  inaillating 
li<^aids  and  solids,  as  in  oil  of  turpentine,  oliro  oil,  resin,  glass,  &e^  thnr  passage 
being  generally  attended  with  more  or  less  diflruption  of  the  particles  of  the  body ; 
also  in  imperfect  condactors,  sach  as  water,  qpermaccii,  &c  Bmabes  may  be  obtainr>d 
in  oil  of  tarpeotine,  by  paaains  sparks  from  the  machine  to  a  wire  going  rbrongh  a  glass 
tube  into  the  liqoid  contained  in  a  metallic  reaael ;  they  are  small,  and  so  feebly  Inmi- 
BOQS  as  to  be  Tiaible  only  in  a  dark  room,  and  exhibit  simple,  reir  dlTcrgeot  ramifl- 
eations.  The  presence  of  a  few  solid  particles,  as  of  dust  or  silk  in  the  liquid  greatly 
CMilitAtes  the  production  of  the  brush.    (Faraday.) 

Duration  of  tit  Eketric  i>^A/.^Wheatstone  has  examined  the  duration  of  the  elecv 
trie  tpark  bv  meana  of  a  Teromag  mirror.  The  principle  of  the  method  is  this :  when 
*  steady  light,  sucb  as  the  flame  of  a  candle,  ia  newed  in  a  fixed  mirror,  ita  image  ap- 
pe«rs  in  one  ronstant  direction ;  but  if  the  plane  of  the  mirror  be  moved  through  a 
certain  angle,  the  image  changes  its  position,  and  if  the  mirror  be  made  to  rotate  very 
rapidly,  the  image  will  appear  drawn  out  into  a  long  line  of  light,  because,  in  the  sne- 
eeaaive  positions  through  which  it  passes,  it  remains  for  a  certain  time  on  the  retina, 
and  conseqnently  the  Tuminous  impression  of  the  image  in  its  former  pMitions  is 
seen  at  the  same  time  that  it  has  advanced  to  a  new  one.  If  then  the  electric  spark 
has  any  ptrccptible  durntion,  it  most  abo  appear  elongated  when  viewed  in  a  mirror 
rotating  with  a  certain  velocity.  In  Whcatatone's  experiments,  the  mirror  whs  rotated 
at  a  rate  which  wonld  have  produced  an  elongation  of  half  a  degree  in  the  image  of  the 
spark,if  its  duration  were  equal  to  jAm  of  a  second.  No  elongution  or  distortion  was, 
however,  perceived  in  the  image  of  the  n>ark  from  the  conductor  of  an  electrical  ma- 
chine, or  from  a  Leyden  jar  dischatgea  in  the  ordinary  wav,  or  of  the  stream  of 
light  io  an  exhausted  tube  6  feet  long ;  thev  all  appeared  in  the  rotating  mirror  Just 
the  same  as  when  it  was  at  rest  Undor  these  circumstances,  therefore,  the  duration 
of  the  electric  spark  is  less  than  j^ss  of  a  second.  When,  however,  the  discharge  is 
mads  throogh  a  very  long  wire,  say  half  a  mile  long,  or  through  a  bad  oondnctor,  the 
image  of  the  spark  in  the  revolving  mirror  does  appear  elongated,  showing  that  the 
discharge  is  then  not  momentary  but  gradual. 

When  a  rapidly  revolving  wheel  is  viewed  by  ordinary  light,  its  spokes  can  no  longer 
be  distinguished ;  but  when  it  is  viewed  by  the  electric  spark  in  a  dark  room,  the  spokes 
are  distinctly  seen  ;  in  fact,  the  wheel  appears  at  rest.  This  likewise  shows  the  mo- 
mentajT  chsjueter  of  the  ordinary  spark.  In  like  manner,  a  rapidly  rotating  diso 
painted  with  the  colours  of  the  spectrum,  which  appears  white  by  dHylight  or  candle* 
light,  exhibits  the  separate  colours  when  viewed  by  the  electric  spark. 


Vdocity  of  the  Elfctrie  Discharge. 

Wheatatone  has  applied  his  revolving  mirror  to  determine  the  rate  at  which  elec- 
tricity travels  throuijh  conductors.  For  this  purpose,  six  copper  brills  are  fixed  on  n 
cireidar  board,  called  the  npark-board  {Jig.  388),  and  connected  in  such  a  manner  as  to 
give  three  sparks  with  one  discharge  of  a 

Leyden  jar.    The  wire  1,  connect*  one  of  Fig.  388. 

thfM  bafis  with  the  in.sidc  of  the  jar ;  from 
this  baU  the  discharge  passes  in  the  fbrm 
of  epftrka  to  the  one  on  the  left,_  and 
thence  through  the  wire  2,  which  is  joined 
to  3  by  a  thin  wire  |  of  a  mile  long,  to  the 
third  ball ;  thence,  by  a  spark,  to  the  fourth 
ball,  &T>m  which  it  is  conveyed  by  the 
wires  4  and  ff,  also  connected  by  a  thin 
wire  J  of  a  mile  long,  to  the  fifth  ball,  and 
thence  by  a  spark  to  tlie  bixth  baJl,  which 
is  connected  by  the  wire  6,  with  the  ont^ 
side  eoating  of  the  jar.  The  intervals 
through  which  the  sparks  pass  are  01  inch 
wide. 

The  epark-board  is  fixed  vertically,  at  a  distance  of  10  feet  fiwn  the  revolvinp  mirror, 
nnd  so  that  the  six  balls  shall  be  in  a  horixonlal  line,  parallpl  to  the  axis  of  rotation 
of  the  mirror,  and  at  the  same  height  as  that  axis.  The  observer  places  himwlf  so 
that  the  axis  of  rotation  is  directed  towards  him.  and  looks  vertically  down  upon  the 
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miiTor.  The  discharging  apparatus  is  arranged  io  that  the  sparks  may  appear  just  us 
the  mirror  ia  inclined  to  the  horizon  at  an  anglo  of  46**.  (For  the  details  of  the 
arranf^pniPiit,  aee  De  la  Rive,  ii.  127.) 

14  nov,  the  mirror  were  fixed  at  thu  inclination,  the  three  Bporlu  wonld  he  seen  pro- 
jected on  a  horixontal  plane,  thus  •  ;  bat  when  the  mirror  is  made  to  zcvolve  vtrj 

rapidly,  they  are  all  three  drawn  out  into  lines ;  and,  moreoTer,  the  middle  apark 
app<*ar8  poshed  aside  £rom  the  others,  the  relative  poeitiona  of  the  three  sfNukt 


being 


-  when  the  mirror  revolves  from  right  to  left,  aad  - 


irhen  it  rerolvei 


from  left  to  right    From  thia  reanlt  Wheatatone  deducea  the  following  eondnsiona :  — 

1.  As  the  two  external  apadcB  retain  their  relative  positiooa,  while  the  middle  one 
lags  behind  them,  it  foUowa  that  the  diaduirge  begina  simtiltacoooaly  at  the  two  ends 
of  the  circuit  and  proceeda  in  a  perceptible  time  to  the  middle. 

2.  By  comparing  the  observea  retardation  of  the  middle  spark  with  the  Telodty  of 
rotation  of  tbe  mirror,  Wheatstone  ealenlatee  that  electridCy  travela  through  a  metaDSe 
circuit  at  the  rate  of  288,000  miles  in  a  second,  a  velocity  greater  than  that  of  light 
(194,000  miles  per  seoondX  and  suSdent  to  make  the  drcoit  of  the  earth  ten  tisi£s  is 
a  second. 

Other  experimenterai,  however,  by  observing  the  time  which  the  electric  cnrrent 
takes  to  travel  through  great  lengths  of  telegraph-wires,  have  obtained  results  differing 
widely  from  that  of  Wheiitatone,  and  likewise  from  each  other,  as  tho  following  table 
will  dbow: — 

Fekcity  6/  Eleetrie  DUehargt. 


OtMerveri. 

Nature  of  Wire. 

Miles  per  SwooA. 

Whe-atfltone 

Fiseau  and  Gonnelle 

Fiaeau  and  Goanello 

O'Mitchell 

Walker     ,         .         .         . 

Gould        .... 

Astronomers  of  Greenwich 

and  EMiabmrgh 
Astrtmomers  of  Greenwich 

and  Bmasela . 

Copper     .... 
Copper  (French  telegraph) 
lion                 do. 
Iron  (American  telegraph) 
Do.                 do. 
Do.                 do- 
Copper  (London  and  Kdtn> 

burgh  telegraph)  . 
Copper  (London  and  Brus- 

aela  telegraph) 

288.000 
112,680 
62,600 
28,624 
18.780 
16,907 

7.600 

2,700 

The  last  rostdt  is  more  thaji  a  hundred  times  less  than  that  obtained  by  Wheatstone. 
The  cause  of  these  la^  diacrepanciea  has  been  pointed  oat  bv  Faraday  (JEipifi- 
mental  Besearchrs,  voL  iii.  p.  608),  who  haa  shown  that  when  a  telegraph  wire  enoued 
in  gatta  percha,  and  buried  m  earth  or  immersed  in  water,  is  connect^  with  one  pota 
of  a  voltaic  battery,  the  other  pole  commonicating  with  the  erouod,  the  whole  amm^ 
XRMit  becomes  charged  like  a  LeydE?a  jar,  the  wire  forming  the  inner  coatine,  tbe 
gntla  p<»rcha  the  insulator,  and  the  earth  or  water  the  outer  coating.  Tho  in^ctm 
actioa  thus  exerted  neceaaarily  iowprs  the  intensity  of  the  charge  in  the  wire  (ppt  SM, 
887),  and  consequently  the  force  with  which  the  succession  of  charges  and  discfaaigei 
constituting  the  current  takes  place  along  the  wire.  Hence  the  current  ia  retarded, 
the  amount  of  retardation  varying  according  to  the  thickness  of  the  gutta  percha  coating 
the  conducting  power  of  the  wire,  and  of  the  medium  with  which  it  ia  surrounded,  t]{e 

S^rfpction  of  the  insulation,  &&  The  very  low  velocity  obtained  with  the  London  and 
russels  wire  is  evidentlv  due  to  the  great  conducting  power  of  the  water  in  which  a 
considerable  portion  of  the  wire  ia  immersed.  A  still  greater  retardation,  due  patha|is 
to  imperfect  insulation,  was,  however,  observed  by  Faraday,  in  the  aubterraneous  wire 
of  tbe  London  and  Maacltester  line,  the  current  taking  two  aeconda  to  tnvel  IMO 
miles,  while,  with  the  eatne  length  of  wire  in  air,  the  timewaa  almost  in^predable. 
Snt  even  with  wires  suspended  in  air.  a  certain  amount  of  retardation  ia  pitidaoed  by 
induction  towards  neighbouring  conductors,  especially  if  the  wire  is  stretched  dose  to 
the  ground,  or  to  walls ;  it  must,  however,  be  very  nmsU  as  compared  with  that  wtddi 
takes  place  in  a  subterraneous  or  subaqaeous  wire  separated  from  the  snrioundix^  odd* 
ducting  medium  by  an  insulating  coating  only  ^  of  an  inch  thick.  In  "Trhiufntonifl 
experiment,  the  long  connecting  wires  wen  bent  into  a  number  of  pftntU  lengthf  il 
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•ome  dutoac*  from  each  other  and  from  the  ground ;  io  thia  oue  a  certain  amount  of 
retardatioa  niaj  iiaTe  arues  from  the  inductive  action  of  the  contiguous  portiouB  of  th« 
wire  oo  eaeh  ouer ;  bat  on  the  whole,  Wheatatone'e  mode  of  ezperimenting  probabl/ 
gn«a  the  neareet  approximation  to  the  rate  at  which  electricity  travels  along  a  copper 
wiro  when  unimpeded  bjr  distnrbing  canaes  ;  but  the  ezparimeata  with  the  telegraph 
wir«a  dearly  show  that  no  absolute  rate  can  be  fijted,  the  aetoal  Telocity  razying  with 
the  oonductiag  power  of  the  wire  or  other  channel  of  communication,  and  the  mflaenca 
of  neighbouring  bodieo. 

Mieekanical  and  Thermic  B^ecU  of  ths  EUetrie  Ditchatye. 

The  manner  in  which  electricity  trareb  through  a  solid  body  depends  upon  the  rela- 
tion between  the  dimensions  and  conducting  power  of  that  solid  and  the  quantity  and 
istenaity  of  the  charge.  A  thick  masa  of  metal,  or  other  good  conductor,  will  convey 
any  charge  of  electridtr,  even  thut  of  a  thunder-cloud,  without  suffering  any  visible 
alteration ;  but  when  the  ehiu^e  i«  sent  throngh  thin  wir«a,  the  result  is  different 
The  wire  then  beeomea  heated,  showing  that  ita  particlea  are  thrown  into  a  atata 
«f  agitation,  the  degree  of  heat  developed  dependiiig  upon  the  relation  between  tlw 
qumti^  and  intensity  of  the  charge  and  the  conducting  power  of  the  wire;  and 
when  the  charge  of  a  powerful 

battery  ia  transmitted  through  Fiy.  389. 

a  very  fine  wire  of  silver,  gold, 
copper,  dnc,  platinum,  &&,  the 
metal  is  melted  and  disinte- 
grated, with  a  brilliant  flash 
of  li^t,  and  tf  stretched  on 
paper,  its  particles  are  driven 
into  the  paper,  forming  an  in- 
delible stain. 

The  degree  of  heat  developed 
in  metallic  witm  under  dif- 
ferent drcnmstancea  by  the 
disehargaof  an  electrical  hatteiy 
has  been  investigated  by  Rieea 
by  means  of  an  apparatus 
called  an  dectriccd  air  thcrmo- 
vitttT,  originally  invented  by 
Hams.  It  coosiata  of  a  glaaa 
Klob«  [Jig.  389)  about  3  inchea 
in  diameter,  having  two  lateral 
openings  closed  by  brass  eapa, 
between  which  is  stretched  s 
thin  spiral  of  platinum  wire. 
A  cyliiKtrical  gUsa  tube  aboat 
half  a  line  in  diameter,  sealed 
to  the  globe,  contains  a  eohum 
of  coloured  liquid,  and  serraa 
aa  the  stem  of  the  thennometer, 

of  which  the  globe  is  the  bulb.  When  an  electric  charge  is  sent  through  the  plati- 
num wire,  it  becomes  heated,  and  expand*  th<«  air  in  the  globe;  the  column  of 
liquid  ia  then  pushed  outwards,  and  the  expansion  indicated  by  a  scale  attached  to 
the  stem,  aarvea  as  a  measure  of  the  rise  of  tempcfstnre  prodni^d  in  the  wire  by  the 
(Uaehaige. 

The  eharse  of  electricity  commmiieated  to  the  battery  is  measured  by  a  nnit  jar. 
"Bj  this  mode  of  observation,  Biesa  has  eetablished  the  following  laws  t  — 

L  J%e  heating  of  the  wireia  dtnetly  proportional  to  the  sqvart  of  tkt  quantity  of 
ttteMcit^t  and  invfrsely  proportional  to  thf  coated  surface  over  which  it  is  diffused  {or 
dtreeUj/  proportional  to  the  intentiti/)  ;  or  if  A  be  the  rise  of  temperature  m«asur«d  by  the 
expansion  of  the  air  in  the  thermometer,  q  the  quantity  of  electricity,  and  a  the  extent 
of  coated  surface. 


■j^S^ii 


n  being  a  constant  depending  on  the  'thickness  and  length  of  the  platinum  wire  and 
the  rest  of  the  condiactinjE  circuit  This  law  may  be  illuatrated  by  the  nambers  in  the 
following  table,  which  contains  the  results  of  acme  of  Eiesa'a  experiments.    The 


89b 


ELECTRICITY. 


Aumlw™  in  the  upperraoat  horaontiil  Uoe  denote  the  nomber  of  jaw  of  the  same  aln 
compoamg  the  battefy :  — 


« 

2 

4 

6 

q 

h 

h 

A 

2 

1-6 

4 

6-7 

3-2 

2-t 

6 

18-4 

7-8 

66 

8 

. 

141 

9-3 

3.  Tike  ntf  of  temperatvre  produeed  bff  a  given  dUchar^e  in  vires  of  the  »ame  mtUt 
oftqtial  lengthy  but  different  dUmeier,  is  invertrly  at  th:  fourth  powers  of  thdr  dtamettrs, 
end  the  qiMrttttics  of  heat  evolved  are  inixrselif  as  the  transverse  sections  o/tJU  loirts. 
Thus,  in  wires  whose  diameters  are  a^  I,  2,  3,  &c,  the  same  discharge  piodnoM  riui  of 
temperature  which  are  aa  1,^,  |^,  &c. ;  bat,  us  the  mafises  of  the  wires  are  as  1,  4,  9,  it 
u  cfaar  that  the  quantities  of  heat  eralTed  in  them  moat  be  as  1,  \.  \,  &c.,  that  is,  in- 
TeiselT  as  the  traiasTerse  sections. 

3.  With  the  same  wire  in  the  thermometer -bulb,  the  riss  of  the  temperature  produced 
in  it  by  discharge  of  a  given  quantity  of  electricity,  is  less,  the  longer  the  circuit  through 
which  the  diachfxrge  has  to  pass,  and  the  thinner  the  teires  that  are  inserted  into  it ;  in 
other  toords,  the  rise  of  temperature  produced  by  the  discharge  of  a  given  quantity  of 
elrctricity  diminishes  as  the  conducting  pmt)tT  of  the  circuit  is  Uss. 

Wires  of  different  metals  of  the  wiinp  length  tind  thlckoesa  inserted  into  the  drcoit, 
produce  different  degrees  of  diminution  of  the  heat  evolved  in  the  thin  wire :  thus  a 
platinum  wire  produces  6'44  times  as  much  diminution  as  a  copper  wire  of  the  same 
It'tigtb  iind  thickness:  hence  it  is  inferred  that  platinum  offers  6*44  times  as  much 
rcflii«tJiHce  as  copper  to  the  passage  of  electricity. 

The  melting  of  very  tliin  wires  by  the  electric  diBchoi^ge  is  not  a  consequence  of 
the  heat  evolved,  but  a  specific  electrical  effect.  For,  by  calculations  foanded  oo  the 
ob9er\-ed  rise  of  temperature  pnxluced  in  thicker  wires,  Riess  has  shown  that  the 
rise  of  temperature  produced  in  a  pLvtinnm  wire,  by  a  discharge  strong  enough  t« 
melt  it,  does  not  exceed  211°  C,,- — a  hetit  not  sufficient  even  to  raise  it  to  rodaeai, 
mnch  less  to  fuse  it.  And  in  fact,  on  sending  through  snch  a  wire  charges  not  quite 
BulBcient  to  ignite  it,  appearances  are  observed  which  indicate  a  violent  mechanicaif  dis- 
turbance of  its  particles.  The  wire  is  sensibly  apntiited;  small  sparks  appear  still 
extremities;  p:irticlea  are  thrown  off  from  its  surface,  in  the  form  of  u  dense  vapour; 
and  the  wire,  if  not  tightly  stretched,  becomes  bent  in  several  parts,  tbe  number  aud 
aharpnes.%  of  the  flexures  increasing  with  the  strength  of  the  charge  :  finally,  with  s 
certain  strength  of  charge,  the  wire  becomes  rod  or  white  hot,  and  it«  particles  *« 
completely  Bcattcred,  Emsily  oxidable  metals,  like  iron,  bum  at  the  same  time  in  ths 
air,  and  are  partly  melted  by  the  heat  of  the  combustion. 

Bodies  of  small  conducting  power  are  variously  affected  by  the  electric  diBchiTj?*. 
Electricity  of  low  intensity  cannot  force  its  way  suddenly  through  an  imperfect 
conductor,  even  though  the  quantity  accumulated,  in  a  large  battery,  for  example,  may 
be  very  considerable.  When  a  jar  or  battery  is  discharged  through  an  imperfect 
conductor,  such  as  wood,  the  discharge  occupies  a  perceptible  time,  as  may  be  known 
by  the  eowxd  produced.  When  the  resistance  of  the  intervenLng  solid  body  is  very 
greats  as  that  of  glass  or  shellsc.  the  accumulated  dectricity  is  dissipated  in  tbe 
air,  sooner  than  it  am  pass  through  the  n  on -conducting  solid.  But  electricity  of  higbg^ 
int^^nsity  forces  its  way  throogh  bad  conductors,  often  tearing  them  asunder  i^3^| 
shattpring  whatever  comes  in  its  way.  When  two  pointed  wires  are  inserted  into^^^l 
ends  of  a  piece  of  dry  wood,  and  the  charge  of  a  large  jar  or  bttttety  sent  through 
them,  the  wood  ia  torn  in  pieces.  In  like  manner,  card-board,  ^asa,  thin  cakes  of 
resin,  &e.  may  be  perfonited.  Leyden  jura  are  sometimes  destroyed  by  the  electricity  I 
of  a  strong  charge  forcing  its  way  throngh  the  glass  from  the  inner  to  the  outer 
coating :  a  round  hole  is  thereby  produced,  filled  with  finely  powdered  glass.  When 
S  powafil  djsrge  from  a  battery  is  sent  throngh  a  piece  of  sugar  placed  between  two 
wires,  the  sugar  is  broken  into  several  pieces,  which  are  thrown  Tiolently  about,  and 
appear  phosphorescent  in  the  dark  for  several  minutes  ;  this  last  effect  shows  clearly 
the  violent  agitation  to  which  the  molecules  of  a  body  are  subjected  by  the  paseage  of 
electricity.  The  destructive  effects  of  lightning,  when  it  stnkes  a  stone  or  wooden 
building,  or  the  mast  of  a  ship,  not  provided  with  a  metallic  conductor,  belong  to  the 
same  class  of  phenomena. 
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CUtmufol  EffWU  oftkt  EUctrie  Duehargt. 

The  highest  charge  of  olcctricity.  while  remaining  quieaoent  in  a  body,  or  in  Ihe 
•tatical  condition,  produce*  do  perooptihle  change  iu  ita  chemical  coostitatioD;  but 
electricity  in  the  atate  of  diacharge^or  iu  thd  dynauiic  state,  ia  capable  of  iadacing  both 
combination  and  decompoaition. 

Inflammable  bodiea  are  often  set  on  fire  by  the  electric  diaeharge.  The  dischurpo 
of  a  moderatfr-Bizod  jar  insttiDtly  inflameB  a  masa  of  tow  filled  with  poundod  re^in. 
The  spark  from  a  very  powerful  electrical  machine  produeea  the  same  elfcct,  and  oIm) 
•eta  flre  to  deal^ahavinga.  A  rcry  am&U  electric  apark  paased  through  a  mixture  of 
llydrogen,  carbonic  ondo,  alcohol-Taponr,  ethpr-Tapour,  «c.,  with  air  or  oxypen,  or  a 
mixture  of  chlorine  and  hydrogen,  causca  instant  combination,  attended  with  violeot 
ezpJoflion  if  the  gasea  are  mixed  in  the  combining  proportions.  Whether  this  efliH;t 
is  due  to  the  heat  developed  by  the  Bpark,  or  to  a  direct  exaltation  of  the  ch«?m]cid 
affinitiea  concerned,  ia  not  precisely  known,  but  the  Litter  anppoflitioQ  ia  perhaps  the 
more  probable  of  the  two.  (For  the  methodn  of  inflaming  gaaeoos  mixtures  by  the 
6l«etrie  apark  in  analyaia,  aee  Axaltsiis,  VoLrvsraic.  of  Gaasa,  L  269.) 

The  paaaa^  of  el&ctric  aparks  throu^  moiit  air  ia  always  attended  with  the  pwK 
doction  of  nitnc  acid :  henoe  thia  acid  ia  always  present  in  the  air  after  a  thunder- 
■tonn.    (See  Nrrnic  Acm. ) 

Another  very  remarkable  chemical  effect  of  the  electric  discharge  through  air  or 
oxygen  ia  the  formation  of  ozone.  The  air  in  tiie  neighbourhood  of  an  electrical 
macnine  in  action  always  acquires  a  peculiar  pungent  odoor,  somewhat  like  that  of 
phoaphoma  slowly  oxidising ;  at  the  fuimc  time  it  acquires  increaaed  ozidiaing  power, 
aecompoeiog  iodide  of  potasainm,  decolorising  tincture  of  gnaiactim,  fte.  These  effecta, 
first  observed  by  Van  Maram  in  the  latter  part  of  the  last  century,  and  aineemore 
partieuhu-ly  studied  by  Schonbein  and  others,  are  attrilauted  by  some  to  the  production 
of  an  allotropic  modification  of  oxygen,  by  others  to  the  formation  of  a  higher  oxide 
of  hydrogen  (HK)'),  That  the  tffeet  is  due,  in  great  part  at  least,  to  a  peculiar  modifi- 
cation of  oxygen,  is  completely  proved  by  the  fact  thut  perfectly  pure  and  dry  oxygen 
acqaires  thia  exalted  power  when  electric  sparks  are  passed  tnrongh  it,  or  along  tha 
ootaide  of  a  sealed  tnbe  coutaining  it  Whether,  when  water  ia  present,  a  higher 
oxide  of  hydrogen  is  likewise  formed,  is  a  question  still  under  discussion.  (Sea  Ozokb). 

Gunpowder  laid  on  a  plate  of  gbiss  between  the  ends  of  two  wirea,  may  be  fired  by 
tha  diaeharge  of  a  jar  retarded  by  passing  through  a  wet  string  or  other  imperfect 
CMldactOF ;  without  sach  retardation,  the  discharge  merely  scatters  the  powder,  with- 
out firing  it 

When  a  considerable  quantity  of  electricity  ia  passed  gradually,  and  without  for- 
mation of  sparks,  through  a  compound  liquid,  that  liquid  is  in  many  instances  resolved 
into  its  elements,  which  separate  in  opposite  directions,  the  one  taking  the  direction 
of  the  positive,  the  other  that  of  the  negative  electricity.  This  effect  ia  called 
Elbctxoltbis,  that  is,  decomposition  by  electricity.  We  shall  consider  it  more  folly 
hereafter,  merely  describing  at  present  the  methods  devised  by  Faraday  for  showing 
that  chemical  decomposition  can  be  produced  by  friction  electricity.  A  glass  plate 
(jCy-  890)  has  two  strips  of  tin-foil  a,  A  pasted  on  it ;  one  of  these  is  connected  by  a 
wire  c,  or  wire  and  wet  string,  with  the  positive  conductor  of  an  electrical  machine, 
the  other  by  a  wire  p  with  the  earth  or  the  negative  conductor.  A  small  piece  of 
filtering  paper  moistened  with  the  liquid  to  be  decomposed  is  laid  on  the  pkte  .midway 
betwaen  the  two  strips  of  tin-foil,  and  connected  therewith  by  bent  platinum-wires, 
M  lllfinrB  in  tha  fignre.    Poaitivo  electricity  then  enters  the  lolntion  at  the  point  p. 

Tig,  390. 


»nd  negative  electricity  at  n.  Now  let  the  paper  be  moistened  with  a  aolutiun  of 
iodide  of  potassium,  and  the  machine  worked.  In  a  short  time  a  brown  n^ioi  of 
iodine  will  be  produced  at  p,  wliilc  no  apparent  change  takes  place  at  n  ;  but  if  the 
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cttmot  be  rerened  by  connecting  e  with  the  positire,  and  g  with  the  nogsiirr  eoo* 
iluctor,  a  epot  of  iodine  will  soon  appear  ut  n,  while  that  at  v  will  disappear.  If  a 
piece  of  paper  moistened  with  hydrochloric  acid  and  coloured  with  indtgo,  be 
placed  between  p  and  n,  the  paper  will  be  bleached  atp,  indicating  the  evolution  of 
chlorine.  When  a  piece  of  titmus  paper  is  phused  under  ;>,  and  turmeric  paper  oadcf 
n,  both  being  moifltened  with  sulphate  or  chloride  of  sodium,  and  the  two 
mads  to  touch  each  other,  a  red  spot  appears  under  each  terminal,  showing  that  an 
ftdd  las  been  evolved  at  p,  and  an  alluili  at  n.  In  a  similar  manner  m»txj  oihtr 
deoompotitiona  msj  be  effected. 
By  the  arrangement  shown  in  Jig.  391,  sereral  portjons  of  the  same  aolatioii  or  of 

%.  391 


fn 
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ditferent  solutions  maj  be  decompost)d  at  once,  the  acid  or  chloroos  elements  being 
always  evolved  at  the  positive  terminals  p,  and  the  basic  elements  at  the  oegatire 
terminals  n. 

Instead  of  uaing  the  contlnuoas  curreut  of  the  madiine,  the  charge  of  a  jar  xatj 
Iw  passed  thronga  the  turraQgement,  a  piece  of  wet  string  about  four  feet  long  being 
interposed  ia  the  drcuit,  to  retard  the  discharge ;  the  same  decompositions  are  then 
produced.  "Without  the  interpoaition  of  the  wet  string,  however,  no  deootapo«itioo 
Ijikea  place :  it  «eem§  therefore  to  require  a  certain  time.  The  greater  the  qu&utitj  <A 
el«!Ctncity  passed,  the  greater  also  ia  the  amount  of  decomposition  produced. 

The  mode  of  passing  the  electricitj  tlirongh  the  solutions  may  also  be  Taried  in 
other  ways,  the  only  necessary  condition  beitig  that  a  continuous  current  shall  paaa 
Thus,^  if  two  trmngular  pieces  of  litmus  and  turmeric  paper  {Jiff,  392)  moisteDsd  with 

Fig,  392. 
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milphate  of  sodium  be  placed  between  two  metallic  points  p,  n,  connected  with  the 
conductors  of  on  electrical  miichine  in  action,  the  turmeric  paper  being  towards  the 
ne^live,  end  the  litmus  h  towards  the  positive  terminal,  the  extremities  of  both  papen 
will  be  reddened.  This  edect  may  al^o  be  repeated  through  several  alternations,  as  in 
fig.  393,  the  pobted  pieces  of  moistened  paper  serving  to  discha:^  the  electridtr 
like  poLDted  wires. 

In  all  these  experiments,  especial  care  must  be  taken  that  no  sparks  pass  through 
the  air  orer  the  moistened  papers;  for  the  passage  of  a  spark  through  the  air  alwsyi 
gives  rise  to  the  formation  of  nitrio  acid,  and  this  would  of  itself  redden  litmus,  pre- 
vent the  reddening  of  turmerie  by  sn  alkali,  and  separate  iodine  from  iodide  of  (Nh 
tassimn. 

Magnttic  Effect*  of  the  tSectric  Diteharge. 

When  a  piece  of  unmagnetised  steel  wire  is  placed  at  right  angles  to  a  wire  of  ai^ 
metal,  or  to  any  conductor  whatever,  through  which  the  cnarge  of  a  laiige  bstteiy  is 
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BHMd.  the  itHtl  wire  b  rendered  perroraentlf  magnetic,  the  dirvction  of  its  poles  htins 
wUcrmiiud  br  •  lav  which  will  be  hereafter  expLuned.  If  the  st»el  needle  be  ttUced 
in  the  axis  of  a  ^Um  tube  roasd  which  a  helix  of  copper  wire  if  coiled,  and  the  charge, 
eren  of  a  email  jar,  be  aent  through  the  helix,  the  ateel  will  alao  be  permanentlj  mag- 
netiaed.  The  helix  aerrea  to  inteaaify  the  action,  bj  enabling  the  current  to  act  upon 
all  paita  of  the  ateel  wire  at  once.  Tfaia  development  of  magneti5m  in  9t««l  ia  pro- 
daced  by  the  ctudden  discharge  of  electricity  through  good  conductors  in  the  neigbboor- 
bood  of  the  steel 

The  sudden  diechaiige  do««  not,  however,  produce  any  drfieetion  of  a  magnetic 
needle ;  thie  reqairee  time^  or  the  action  of  a  continaoos  current.  That  friction  elec« 
tricity  is  capable  of  deflecting  the  magnetic  needle  in  the  same  manner  as  voltaic 
electricity,  waa  fint  ahown  by  Colladon  of  Genera,  whose  reaoltl  have  been  fully 
eonfirmed  by  Faraday.  When  the  charge  of  a  powerful  battery  is  made  to  pass 
through  the  coil  of  a  galvanometer  consisting  of  copper  wire  covered  with  silk,  the 
velocity  of  the  discharge  being  diminished  by  interposing  a  wet  string  in  the  circuity 
the  nradle  ia  immediately  deflected,  its  direction  being  determined  by  that  of  the 
current,  in  exactly  the  same  maiiner  as  by  the  current  of  the  voltaic  battery.  The 
deflection  may  also  be  produced  by  the  direct  enrrent  of  the  machine.  For  this 
porpoaa,  one  extremity  of  the  galvanometer  coil  it  oonnected  with  the  negative  con- 
auctor;  and  the  other  with  s  diaduuging  rod,  either  by  a  wire  or  by  a  wet  string.  The 
Wflhine  ia  tlian  worked,  and  the  knob  of  the  dischaijging  rod  bronght  in  ooxttact  with 
the  poeitive  conductor  of  the  machine.  The  needle  immediately  moves  a  little ;  as  it 
begins  to  swing  back,  the  contact  with  the  machine  is  to  be  broken ;  then,  when  the 
needle  has  completed  its  backward  swing,  uid  is  about  to  return,  the  circuit  is  again 
to  be  completed.  In  this  manner,  a  fresh  impulse  ia  given  to  the  needle,  which,  added 
to  the  flrst,  makes  it  swing  through  a  larger  arc,  and  by  repeating  this  mode  of  prO' 
ceediag  several  times^  the  needle  may  be  deflected  30°  or  40*^. 

Moteeutar  7\fory  of  Electric  Action, 

Wo  have  hitherto  regarded  the  phenomena  of  electricity  as  resulting  from  the 
mntoal  action  of  two  fluids  (or  two  modifleatioDS  of  the  same  fluid),  which  are  capable 
of  pMHOg  through  ponderable  bodies  and  from  one  body  to  another,  and  whose  paitieles 
atteM^  and  repel  one  another  with  forces  varying  inversely  aa  the  squares  of  the 
distances  between  them.  The  preceding  expositions  are  perhaps  sufficient  to  show  that 
this  theoiT  oflforda  a  oonoected  view  of  all  the  leading  phenomena  of  electricity  as 
developed  by  friction. 

Faraday,  however,  has  proposed  a  totally  different  theory,  which  he  has  developed 
in  the  eleventh,  twelfth,  and  thirteenth  series  of  hie  "  E3q)eri mental  Keeearches." 
Aeooiding  to  this  theory,  electric  action  ie  supposed  to  take  place,  not  at  finite  dis* 
buices,  but  solely  between  contiguous  particles  of  matter.  A  body  charged  with  eitJier 
electricity,  sa^  with  +  £i  exerts  a  polarising  action  on  those  particles  of  the  air,  or 
other  insulating  medium,  with  which  it  is  immediately  in  contact,  inducing  the  opposite 
polarity  (—  £)  on  their  nearer  ends,  and  the  polarity  similar  to  its  own  ( -f  £)  on  their 
farther  ends ;  these  particles  thus  polarised  act  in  Uke  manner  on  those  immediately 
beyond  them,  those  again  on  the  next,  and  so  on,  the  action  continually  extending 
outwards  in  all  drroctions  through  the  insulating  medium,  or  di  electric,  and  the  in- 
tensity of  the  charge  becoming  less,  as  it  ia  oommonicated  to  a  wider  range  of  particles. 
If  a  oondncting  body  is  inte^osed  in  the  sphere  of  action,  its  particles  also  become 
polarised,  exactly  in  the  same  manner  as  those  of  the  dielectric,  the  differenee  between 
msnlators  or  didectrica  and  conductors  consiBting  in  this,  that  the  portides  of  a  con- 
ductor are  easily  brought  into  the  charged  or  polarised  state  by  the  influence  of  an 
electrified  body,  bat  immediately  return  to  their  ordinary  unpolariaed  state  as  eoon  as 
that  influence  is  removed, — whereas,  those  of  an  insulator  ofler  considerable  resistance 
to  the  polarising  action  of  an  electrified  body,  but  when  once  polarised,  return  but 
slowly  to  their  o^nary  state,  after  the  removal  of  the  disturbing  cause.  This  diflerence 
i«.  of  course,  one  of  degree  only,  not  of  kind,  the  best  conductors  offering  some  resisfanc© 
to  the  polarising  or  inductive  action,  and  the  best  insulators  losing  their  polarised  con- 
dition after  a  certain  time. 

Such,  according  to  Faraday,  ia  the  process  by  which  a  body  or  medium  bccomea 
electrically  charged  by  the  inductive  action  or  influence  of  a  previously  dectrified 
body.  Discharge  is  the  return  of  the  whole  system  of  charged  partides  to  their 
natural  or  uncharged  state,  and  takes  place  when  one  portide,  or  a  eertaia  number  of 
particles,  in  the  system,  is  raised  by  the  joint  action  of  all  the  forces  ooneemed,  to  a 
ftate  of  tension  which  it  ia  unable  to  bear :  in  that  case,  this  partide  or  set  of  partides 
finrt  gives  way,  and  all  the  rest  follow ;  the  system,  in  tiae  charged  stat^,  is,  in  feet,  in 
a  ccndition  of  unstable  equilibrium,  and  gives  way  at  its  weakest  point,  the  return  to 
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the  state  of  stable  cquflibrium  taking  plaee  with  more  or  less  violenee.  aeeordlng  to  tfie 
natore  of  the  pnrticl<?fl  conctrned,  and  the  ia tensity  of  their  pri'Tious  polariiAlUMu 
The  spark  or  other  Tisiblp  manifi^tation  of  flieotric  iiction,  marks  the  line  of  paiticla 
along  which  tho  greatest  inteiuithr  of  action  takes  pkce. 

TEiti  molecular  Tiev  of  electnc  action  is  based  opon  the  following  facta  and  con- 
Biderations :  — 

1.  The  phgnonuna  of  electric  discharge  in  qases  and  other  insulatinff  mtHa  vary 
according  to  the  nature  of  the  nudium,  which  mutt  therefore  be  directly  eameermtd  tw 
thdr  production. 

That  the  injmlating  modinm  intervening  between  charged  coadncton  baa  aometlung 
to  do  with  the  phenomena  of  charge  and  discharge,  beyond  acting  as  a  mens  obstacU 
to  the  union  or  netitnilij^ation  of  the  opposite  electricities,  is  sufficiently  prored  by  the 
different  insulating  powers  of  ga«p«,  at  the  same  pressure  and  tempemture ;  by  the  ap- 
pearance and  mode  of  formation  of  the  spark  and  brush,  and  the  very  different  charac- 
ters of  these  forms  of  discharge  in  different  gases ;  farther  by  tho  eobcta  produced  by 
the  electric  dischaj^e  on  solids  and  liquids  (pp.  396,  3B7). 

The«e  phenomena,  however,  are  not  in  themselves  sufficient  to  show  that  the  polari- 
asdon  of  th(«  individual  particles  of  a  body  or  medium  is  the  main  thing  in  eJectrie 
actioiL,  and  that  it  is  by  the  fluecessive  polarisation  of  such  parddea,  and  not  by  a 
direct  action  at  a  distance,  that  the  influence  of  a  charged  body  is  conTeyed  to  neigh- 
bouring condttctoM.  The  facts  on  which  the  molecular  view  is  chiefly  baaed  are  the 
following : 

2.  Every  dielectric  medium  tserts  a  certain  influence,  peculiar  to  itself,  on  tJu  dtgret 
of  ekctric  induction  which  takes  place  through  it ;  in  other  wordt,  every  such  ntmmm 
hat  a  specific  inductive  capacity. 

To  explain  the  meaning  of  this,  enppose  an  electrified  plate  of  metal.  A,  to  be  «u»- 

??nded  midway  between  two  similar  plates,  B,  C,  and  exactly  paniDt-l  to  them. 
h»?n,  if  there  is  nothing  but  uir  between  them,  the  plate  A  will  induce  eqaaliy 
tuwards  B  and  C ;  but  on  interposing  any  other  medium,  say  ahellac,  between  A  and  C, 
fhe  inductive  actions  exerted  by  A  on  B  and  C  will  no  longer  be  equal.  For  the 
deacription  of  the  apparatus  and  mode  of  experimenting,  by  which  this  qaestioo 
has  been  invealiirated,  we  miist  refer  to  Faradflv's  eleventh  series  of  "  Experimental 
Reaearches,"  or  to  the  works  of  Dela  Itivu  and  ^iess;  but  the  principle  of  the  method 
BUT  be  explained  as  follows  : 

SnppoBo  we  have  two  Leyden  jars  with  equal  extent  of  coated  sur&ce.  equal 
thickness  of  glaw,  and  in  short  equal  and  Bimilur  in  every  rospecl;  Charge  one  of 
them  in  the  ordinary  way  to  such  a  degree,  that  the  charge,  when  eommiinieated  Jo  an 
electrometer,  shall  exhibit  a  repulsive  force,  say  of  40^ ;  then  divide  the  charjt 
between  the  two  jars,  by  making  a  communication  between  the  out«r  ooatinga,  and 
bringing  the  knobs  in  contact.  The  charge  will  of  course  be  equally  mvidad 
between  thi!m,  so  that,  if  no  loss  of  electricity  bias  taken  place  by  dispersion,  each 
win  t'xhil.it  ii  repulsive  force  of  20°.  Now  suppoae  one  of  the  jars  to  be  made  of 
shellac  of  the  same  thickness  as  the  glass,  and  otncrwiee  similar  in  every  respect.  la 
that  caae,  Faraday  finds  that  the  charge  ia  not  equally  divided  between  the  two;  but 
that  if  the  glass  jar  is  chained  £rBt^  it  loses  by  communi^^ation  a  greater  amount  of 
repalflive  force  (or  intensity)  than  the  shellac  jar  gains ;  and  on  the  contrary,  if  theshelke 
jar  is  charged  first,  it  loses  by  communication  a  amallor  amount  of  repulsive  force  than 
that  which  is  gained  by  tho  gluss.  In  short,  the  sbeUac  acts  just  like  glass  of  le« 
thickncBB,  a  given  thickness  of  it  producing  a  more  complete  neutralisation  of  the 
opposite  electricities,  a  result  which  is  supposed  to  indicate  a  higher  degT«>«  of  bii»- 
ceptibibty  in  its  particlea  to  inductive  or  polHrising  action.  This  is  what  ia  meant 
by  saying  that  the  ahcllac  has  greater  specific  inductive  capAi^ity  than  the  gH™. 
The  diviiion  of  an  electric  charge  between  two  bodies  of  different  specific  indoctrrs 
capacity  may  be  compared  with  the  communication  of  heat  between  two  bodies  d 
diflTenent  specific  heat,  such  as  water  and  mercury,  the  temperature  of  the  one  alwan 
falling  in  greater  proportion  than  that  of  the  other  rise*. 

By  a  method  founded  on  the  principle  just  explained,  but  not  capable  of  yieldiflff 
more  than  very  rough  numerical  appKniinations,  Faraday  has  obtained  the  foUowiof 
value*  of  the  speciiic  iuductive  capacities  of  certain  dielectrics : 

Air  and  all  other  gases ]-oo 

GluBS 176 

Shellac 200 

Sulphur  ..........  2'24 

Certain  non-conducting  liquida,  aoeb  as  oil  of  turpentine  and  rectified  naphtli*, 
i  also  found  to  hftye  inductive  ca{i«citic8  greater  than  that  of  air. 
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Harris,  by  Tnakiog  oseof  diMa  of  tfaediiTerpnt  dieleetrics  of  the  same  thicknem.  And 
roaXti  00  each  side  irith  tiu-foil  of  leu  diametor  than  the  dieiectric;  obtained  tha 
Mkwiag  reaults: 

Air  ...  .  100  I  BMa-vax  .  .  .  1-88 
Beun  .  .  .  1-77  OUm  ....  1-90 
Pitch        .        .        .        rSQ    I    Shellac        .        .        .         1-95 

It  appean  then  that  solid  dte<l(»otr[M  exhibit  conaidenkblj  greater  iaductire  capacity 
than  gaaca.  but  do  not  differ  much  in  thi«  reapect  among  thema<-lv«a.  The  reaulta 
obtained  with  aolid  dielwnric*  Hre  in  fart  jii»t  mch  a»  wonld  follow  if  the  metallic 
ooatingR  were  brought  closer  together,  or,  wrbich  cornea  to  tbesuD-.e  thing,  if  the  charge 
wer»  to  penetrnte  to  a  certain  extent  within  the  sabitiuice  of  the  dielectric  That  auch 
penetration  takea  pliica  is  wvU  known  ;  it  ia  indeed  the  origin  of  the  residual  churge 
which  is  alwAjr*  found  in  a  Lnyden  jar  after  it  ha9  been  discharged  (p.  ZUl).  Faraday  haa 
radMiroared  to  determine  ita  amount  in  different  dielectrica,  ao  as  to  allow  for  it  in 
calculating  his  result*  on  specific  inductive  capacity.  It  is  posaible,  howerer,  that  this 
diaturbinK  cau»e  ha*  not  been  suflloiently  allowed  for,  and  that,  if  correctly  estimated, 
it  miiihl  be  found  fully  adequate  to  account  for  the  differences  observed  in  the 
inductive  powers  of  different  inaoUtora.  R  i  e  »  a  ( Rnbunpt-tSectricitdt,  1366)  attributea 
the  entire  effect  to  this  cause.  At  ali  events,  the  exparimnnta  hithert)  made  are 
neither  numerous  eiioiigh,  nor  aerunitfi  enough,  to  establish  a  fact  so  important  to  the 
theory  of  electricity  aa  that  of  specific  induodre  capacity. 

S.  Induction  throuqh  dielectrics  take»  piace^  not  alurayt  in  itraight  lines,  at  eommonlg 
nppnsed,  but  very  o/tm  in  curved  linra. 

When  a  charged  body  ia  placed  in  the  midst  of  a  dielectric  mediant,  auch  aa  the 
air,  with  no  condnrtoni  near,  the  particlfs  of  the  dielectric  become  [Kilaris*»d  in  the 
manner  already  de»cri!>ecl,  the  inductive  action  radiating  outwarJ»  in  all  djn'ctiona 
in  straight  lines;  but  when  conductors  come  in  the  way,  the  lines  of  inriuctive 
forpe  change  their  direction,  curving  to  a  certain  extent  puund  the  conductor,  this  cur- 
vature resnlting,  partly  from  the  action  of  the  coniluctotrs,  partly  from  the  mutual 
action  of  the  polarised  moleeoles  of  the  dieli^ctric,  whereby  a  force  is  produced  traa»> 
rerae  to  the  lines  of  inductive  force,  and  giving  them  a  ten<lency  to  bulge  outwards 
This  same  transrene  force  ia  prubably  concerned  in  the  magnetic  action  of  the  electric 
current. 

For  proof  of  this  curvature  of  the  lines  of  inductive  action,  Faraday  relies,  partly  on 
the  rimble  form*  of  the  electric  discharge  in  gaaes,   as  seen  in  the  spark  and  more 
eitpecially  in  the  brash  discharge,  partly  on  certain  experiments  specrolly  dire(?t«?d  to 
the  point,  of  which,  as  the  mode  of  action  ia  the  same  in  all,  it  will  be  sufficient  to  dt« 
the  following.     A  cylinder  of  shellac  A  \Jig.  394)  set  in  a  vertical  position  ia  excited 
negatiTely  by  friction;  and  upon  it  is  tJaced  a  brass  hemisphere  B.     An  inaalate^ 
carrier-ball  ts  placed  m  contact  with  the  nemiaphere,  and  above  it,  in  the  several  posi- 
tions i,  k.  I,  m,  n,  o,  p,  then  uninsulated  by  torching  it  with  the  finger,  insulated  again, 
and  then  brought  in  contact  with  an  electroscope  or  electrometer. 
Id  alt  caaea,  it  ia  found  to  hare  reeeiTed  ^potitivt  charge.     This          ^^'  '»*• 
charge  ia  evidently  a  chaiigebj  induction,  and  Faraday  regards  it                (p\ 
as  a  proof  that  the  induction  takes  place  from  the  surface  of  the                b^ 
excited  lac  through  the  air  in  curved  lines,  bending,  indeed,  round                  v£/ 
the  surface  of  the  bntss  hemisphere.  The  effects  are  exactly  similar  (S) 

when  a  globe  or  a  plate  of  braas  is  laid  on  the  top  of  the  excited  (»i>(7>fi 

shellac.  < i-ii,.-t^ 

It  ia,  however,  not  difficult  to  show  that  thp-^e  and  all  similar 
phenomena  are  perfectly  in  accordance  with  the  theory  of  action 
at  a  distance  in  straight  lines.  In  fact,  the  apparatus  represented 
in  figure  394,  ia  merely  a  modified  form  of  tae  electniphoma,  and 
the  explanation  already  given  (p.  Z&fi\  of  the  action  of  that 
instrument  may  be  applied,  almost  wortl  for  word,  to  the  results 
obtained  with  Faraday's  apparatus.  The  shellac  stem  being  ex- 
cited negatively,  acts  inductively  on  the  brass  hemisphere,  rcnder<- 
ing  the  lower  surface  of  it  positive,  and  the  upper  surfaeev 
t<wether  with  any  other  conductor  in  contact  with  it,  negative, 
when,  however,  the  brass  hemisphere  is  uninsulated,  a«  by 
touching  it  with  the  finger,  the  negative  electricity  is  driven  into 
the  ground,  and  the  whole  surface  of  the  hemisphere,  and  of  the  carrior-ball  in  contact 
with  it,  as  at  t.  A;,  /,  or  m,  becomes  positive ;  consequently,  when  the  bemtHphere  is 
again  uninsulated,  and  the  carrier-ball  made  to  touch  an  electrometer,  itexhibita  a  posw 
tire  charge.  Whsn  the  carrier-baU  is  held  above  the  hemisphere,  the  latter  is  inaulatad, 
«nd  the  —  E  on  its  upper  surface  acta  inductively  on  the  carrier-hall  at  n,  «,  or  ji, 
Vol.  II.  D  I> 
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fMidering  it,  while  insnliited,  poaitiTP  below  and  n«g»tiTe  abore,  but  when  oninsuLited, 
wholl;r  positire,  so  that  in  thin  ca»e  ulso,  the  ball,  when  again  inaulutod  and  carried  to 
the  electrometer,  Bhows  positire  electricity. 

FarudiiT  8Hy»,  howevOT,  in  allusion  perhaps  to  each  a  mode  of  explanation,  •*  To 
Huppoae  that  induction  acta  in  some  wh^  tlirongh  or  acrom  the  metal,  is  negatived  by 
tb*  »imple*t  considemtions;  but  a  fact  in  proof  will  be  better.  IT,  instead  of  the  ball 
[or  heraisphere"!  B,  a  amall  disc  of  metal  be  Tised,  the  carrier  may  be  ehaxged  at  or 
above  the  middle  of  ita  upper  surface;  but  if  the  plate  be  enlarged  to  14  or  2  inches 
in  diameter,  then  no  ch«rpe  will  b«  given  to  the  carrier  when  applied  at  the  centre  of 
its  ajiper  surface,  though,  when  applie*!  nearer  to  the  edge,  or  even  abore  the  middle, 
a  cburpe  will  b«  obtaiued ;  and  this  is  true,  though  the  plate  may  be  a  mefre  thin  film 
of  gola-Jeaf,  Hence,  it  is  clear  that  the  induction  ia  not  through  the  metal,  bnt  throngh 
the  Bnrronnding  air,  or  didtctric,  and  that  ia  curred  linea." 

The  non-charginp  of  the  carrier  at  the  centre  of  the  circular  plate  may,  howerer,  ba 
explained  in  another  way.  When  any  conductor  or  chain  of  conductors  whaterer  ia 
placed  under  the  influence  of  an  electrified  body,  the  two  eitr*-mities  of  the  condartor 
become  oppositely  electrified,  and  between  the  two  there  must  be  aomewhere  a  neutral 
point  or  line.  The  exact  poBition  of  thia  neutral  point  or  line  will  depend  upon  a 
variety  of  cinrumstancea,  as  on  the  form  and  eize  of  the  conductor,  ita  oiatanec  fivm 
the  charged  body,  snd  the  atrength  of  the  original  charge ;  but  it  muat  always  ba 
found  Bomewhere,  and  there  ia  no  difficulty  in  anppoaing  that,  with  the  paiticQUr  ar- 
raDgement  in  qaesition.  it  would  be  found  at  the  ceatre  of  the  plate.  Indeed,  with  the 
henji^phere  {Juj.  394),  the  chaise  of  the  carrier-ball  regularly  diroiniflhed  from  the  edge* 
towardn  the  middle,  being  112'=^  at  i,  108O  at  Jt,  65^  at  /,  and  35°  at  m ;  and  with  fcimu 
intermediate  between  the  bemjRphere  and  the  flat  disc,  a  regular  gradation  ofchaiget 
at  the  middle  point  would  doubtlei9<)  be  obtained. 

But,  aa  already  obaerved,  the  action  in  this  and  all  almilar  experiments,  ia  merely 
that  which  takes  place  in  th«  electrophonw.  the  condenser,  the  coAted  plate,  and, 
indeed,  b  every  conceivable  arrangement  in  which  a  conductor  is  first  placed  under 
tiie  inflaenc«  of  an  electrified  body,  then  unin!)ulat<Hl,  and  laatly  insulated  again.  In 
all  sach  caa«a,  supposing  the  electrified  body  to  be  charged  with  -t-  R,  the  —  £  of  the 
conductor  ia  drawn  to  its  nearer  extremity,  and  on  uninsulating  it,  the  +^19  drir<T» 
int4)  the  ground,  so  that,  on  again  insulating  the  conductor,  and  removing  it  from  tits 
neighbourhood  of  the  charged  body,  it  appears  wholly  wrpw/iw.  The  explanation  of 
this  effect  on  the  common] v  received  theory  of  action  at  a  distance,  is  clearer  and  more 
satisfactory  than  any  explanation  that  haa  yet  been  suggested  on  the  hypothesis  of 
induction  in  curved  lines. 

The  theory  of  induction  ia  curved  lines  ia  further  said  to  be  supported  by  ths  htt 
that  electric  discharge^  especially  in  the  bnish-form,  frequently  takes  place  in  corres, 
as  in  figs.  395,  396,  which  represent  the  brush  as  formed  between  a  chai;ged  coo- 
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ductor  and  another  on  whieh  it  acts  bj 
induction.  But  in  such  rases,  as  well  oK- 
served  by  De  la  Rire  (Traite,  i.  U6\  ths 
curvature  of  the  lines  of  dischares  it  not  I 
prim«ry.  but  a  secondary  effect,  atpcodiiig 
on  the  action  of  the  conductota.  The 
particles  of  air  situated  betwoen  ti« 
nppaeitely  charged  conductors  beCoiM 
polarised,  in  the  same  manner  as  imn 
filings  between  two  opposite  magoetie 
polea,  and  Jirracge  themt<elv«fl  in  a  simiUi 
manner.  The  curves  of  the  electric  dia- 
charge,  as  itliwtrated  by  the  precediog 
figures,  have,  indeed,  a  strong  genml  r»- 
semblance  to  the  magnetic  eturea,  as  sbovn 
by  iron  filings.     Now  the  form  of  the  iiug> 


attic  carves  is  detemined  by  ths  joint  action  of  the  two  magnetic  polea.  mnd  depnA 
«pon  the  law  of  magnetic  action  with  regard  to  distance;  the  correa  aw,  m  fcct, 
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the  grsphie  fxproMioa  of  the  law  of  inverse  Bqaaroi  (m«  Del  a  Riv«,  i.  £92), 
Now  it  in  out  to  be  expected  tii»t  the  curves  of  the  electric  diitchtirge  between 
two  eondqctoFB  should  exhibit  the  exact  form  of  the  magnetic  curves;  for  they  are 
disturbed  bj  the  inflneaee  of  surrounding  conductors,  and  by  the  continually 
■hifting  distribution  of  the  charge  on  the  surfiuse  of  the  coudactort  between  which 
they  are  formed ;  neTertbeleea,  the  resembknce  is  sufficiently  close  to  show  that 
Ihej  are  podnced  in  a  similar  manner,  and  depend  on  the  same  law  with  regard  to  dis* 
tance.  Uo bison  {Mnkanieal  PkiUnoj^tf,  iv.  53)  dsHcribes  an  experiment,  in  which 
a  thin  braas  plate,  coated  with  red  sealing  wax,  was  placed  on  two  small  insulated  balls 
charged  with  opposite  etectrieides,  and  a  0ne  powder  of  bUck  sealing  wax  was  sprinkled 
oo  the  plate  from  a  considerable  height ;  on  tAppiog  the  pUte  gently  with  a  gkaa  rod, 
th«  flne  partidee  of  wax  arranged  themselrcH  in  curred  lines,  diverging  from  the  point 
over  eaen  of  the  bulla,  just  like  iron-filings  under  the  influence  of  a  magnet. 

The  mutual  action  of  condacton  at  a  distance  is  then  by  no  means  inconsistent  with 
the  polan«ation  of  the  partidee  of  the  ininilating  modium ;  indeed,  a  number  of  non-con- 
docting  paiticlea  exposed  to  the  action  of  two  oppositely  clectrifiMi  bodies,  or  two  cen- 
tres of  opposite  electric  force,  mutt  become  polarised ;  but  this  is  a  very  differ<wt  thing 
trom  anppoaing  that  the  charging  of  a  conducting  body  by  the  inilaeaoe  of  another  cannot 
take  place  except  throngb  the  ioterrention  of  those  noD-eoodacring  partieles.  What- 
ever  supposition  we  may  make  as  to  the  manner  in  which  a  conductor  becomes  charged, 
whether  (to  use  Faraday's  expreasion)  it  polansee  as  a  whole, — as  if  we  suppose  aquan- 
tity  of  electric  fluid  to  be  bodily  transferred  trom  one  end  of  it  to  the  other, — or  whether 
the  polarisation  affects  each  individual  particle,  it  is  certain  that  conductors  are  more 
•Qsoeptible  of  electric  inflnence  than  non-conductore  (the  terms  are,  of  course,  used  rela- 
tively),  taking  a  charge  with  facility,  and  returning  with  equal  fiicility  to  their  natural 
•tatewhen  the  dioturbing  force  is  removed  This  being  the  caee,  we  may  expect  that 
a  conductor  placed  at  a  certain  distance  from  a  charged  body  will  be  electrifled  or 
polarised  by  its  intluence  bt/ore  tk«  intcrvtning  lum-oimdueting  particUs,  just  as  if  a 
number  of  very  hard  steel  filings  are  strewn  between  a  magnet  and  a  bar  of  soft  iron, 
the  soft  iron  will  be  magoetieed  instantly,  while  the  steel  tilings  midway  between  the 
two  will  not  become  polaiued,  at  least  not  to  their  full  extent,  for  some  considerable 
time.  But  further  we  may,  while  still  retaining  the  hypothesis  of  action  at  a  distance, 
siwpoee  that  a  charged  conductor  is  itself  an  aggi^egate  of  oppositely  polarised  particles. 
We  know,  from  the  phenomena  of  oiagnetiBm,  that  a  heap  of  magnetised  partidcs,  with 
their  similar  polee  all  turned  the  same  way,  acts  just  as  if  one  half  of  the  masN  po8< 
•eseed  north,  and  the  other  half  south  polarity:  thus  a  tube  full  of  oteel  filings, 
magnetised  by  any  of  the  ordinary  methods,  acts  exactly  like  a  magnet  wilh  a  north 
pole  at  one  end,  a  south  at  the  other,  and  a  medium  line  between  ihem ;  in  fact,  in  the 
middle  of  the  mats,  the  opposite  polarities  neutralise  each  other,  and  show  thcm- 
•elves  only  toward*  the  ends.  Just  so  must  it  be  in  a  mase  of  particles,  each  of  which 
has  its  two  end/*  in  opposite  ('li>ctrical  states;  the  ma-ts  will  act  on  external  bodice, 
just  as  if  one  half  of  it  were  charge*!  with  +  E  and  the  other  with  -  K. 

This  view  of  the  tttate  of  a  charged  conductor  may  perhaps  afford  the  true  explana< 
tion  of  the  weSI-knowu  fact  that  the  charge  of  a  conducting  body  appcare  to  be  confined 
to  its  external  sarface.  The  ordinary  theory  attrihutefl  this  superficial  distribution 
to  the  mutual  repulsion  between  the  partidee  of  the  electric  fluid,  an  explanation, 
which  is  perfectly  aatisf-K-tory  wh^n  onoe  the  hvpotheeia  ie  admitted.  Faraday,  on  the 
other  hand,  maintaiiia  that  the  charge  of  a  conauotor  ii>  conEucd  to  its  aurTace,  WcauRs 
it  is  only  there  that  the  particles  of  the  conductor  are  in  contact  with  those  of  the  sur- 
rounding dielectric,  by  whirh  alone  their  charged  or  polarised  state  can  be  retained. 
But  why,  on  his  own  hypothesis,  should  not  these  superficial  partidee  polarise  those 
next  to  them,  and  these  the  ncxt^  and  so  on  throughout  the  mass  ?  It  may  be  true  that 
the  partjclee  of  a  charged  conductor  return  to  their  natural  state  the  instant  they  are 
remove<l  from  the  itiflnence  of  a  disturbing  force ;  but  while  the  superiScial  partidee  are 
polarised,  the  interior  particles  must  be  subject  to  their  influence.  The  fact  that  a  proof- 
plane  applied  to  the  interior  of  a  charged  conductor  receives  no  charge,  proves  nothing 
more  than  that  all  the  forces  there  acting  npon  it  balance  each  other,  and  their  resul- 
tant it  nothing:  indeed  it  is  just  the  same  when  the  proof-plane  ia  applied  to  the  inner 
mrfaoe  of  a  hollow  metallic  ccndnctor,  although  the  metd  there  is  in  contact  with  the 
air,  jiut  as  much  as  on  the  outer  surface. 

In  illustrating  the  action  of  the  electric  forc»  by  the  analogous  phenomena  of  mag- 
aetisra,  we  must  be  careful  not  to  push  the  comparison  too  far.  Up  to  a  certain  point 
alectric  induct  ion,  in  its  effects  at  leust,  is  similar  in  every  respect  to  magnetic  indue* 
tion.  A  charged  body  di«turbs  the  electric  state  of  anotlier  body  in  its  neighbour- 
hood, just  as  a  magnet  induces  polarity  in  a  neighbouring  piMw  of  iron,  and  in  the  one 
case  as  in  tlio  other,  the  disturoed  body  returns  to  its  ordinary  unpolarised  state  on 
the  remoTal  of  the  disturbing  cause,  provided,  in  the  case  of  electricity,  the  oharge  or 
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distarbanfre  does  not  go  beyond  a  certain  degrea  of  intenaitj.  Bat  if  that  limit  Si 
passed,  di»eliarge  takes  pluce  betweeD  the  tvo  bodies  in  the  form  of  a  spark  or  other- 
wise, and  aft«r  that,  neither  of  them  n-turns  to  its  former  state  when  they  an  arpt- 
rated;  the  origind  charge  then  ap^ars  divided  between  the  two,  the  one  losing  what 
the  other  gains,  just  as  when  a  liquid  ia  poured  from  one  reasel  to  another.  Now  tbera 
ifl  nothing  in  ma|;netism  antilogous  to  this :  a  st^^l  magnet  may  induce  the  moet  in- 
t^ense  polarity  on  a  pie<!e  of  (wft  iron  in  contact  with  it,  so  that  the  two  can  only  be 
ceparated  by  the  exertion  of  great  force  ;  but  the  separation  onceeffected,  erety  thing 
i»  AS  before ;  the  itoft  iron  loses  all  ita  magnetism,  and  the  ■t««l  magnet  returns  to  its 
ori^nal  stat^  of  polarity. 

In  the  rt'preBentation  which  it  aflbrds  of  the  phenomena  of  deetric  discharge — ia 
other  words,  of  the  division  of  a  charge  between  two  bodies— the  ordinary  fluid  theory 
has  certainly  the  adviintage  of  clearness  and  preciaion.  Moreover,  the  transference  of 
an  electric  fluid  from  one  l>ody  to  aaotJier  is  by  no  means  incompatible  with  the  polsri- 
antion  of  contignotis  molecules.  A  body  may  contain  an  excess  of  one  or  the  other 
electric  fluid,  and  at  the  same  time  that  fluid  may  be  accumuJated  on  one  side  of  each 
of  its  partiflea  in  larper  rinantity  than  on  the  other.  Discharge  may  also  be  conceited 
to  take  place  by  tr&nsferfiice  of  the  electric  fluids  in  opposite  directions,  from  particle 
to  particle,  throughout  the  entire  conducting  chain.  To  explain  this  more  fully, 
suppose  a  numlK-r  of  pieces  of  tin-foil  to  be  pasted  in  a  row  on  a  plate  of  glass,  and 
that  one  end  of  this  row  is  presented  to  the  conductor  of  an  electrical  machine,  wliile 
the  other  is  connoted  witii  the  ground  ;  a  series  of  sparks  will  then  be  peroeited  at 
each  interral  between  the  pieces  of  tin-foil.  Now  suppose  the  number  of  these  pieces  to 
be  increased,  and  the  intervals  between  them  diminished  in  width ;  the  sparks  will  then 
be  smaller,  and  the  discharge  more  continnous ;  and  if  we  imagine  this  (Uminntion  of  the 
intervals  to  be  continued  indefinitely,  they  will  at  last  become  so  small  t  hat  the  sparks  will 
no  longt^r  be  risible,  bat  the  discharge  will  take  place  with  apparent  continni^,  as  in  a 
metjillic  rod ;  nevertlieless,  it  will  still  be  id  r«ility  a  snccession  of  discharges  fmm 
one  little  piece  of  raetal  to  the  other.  An  electric  current  may,  therefore,  be  rpgarde«l 
as  a  succession  of  charges  and  dischai^ges,  taking  place  between  contiguous  particlea 


Theory  of  a  single  Electric  Fluid. 

Frnnklin  attributed  the  phenomena  of  electricity  to  the  action  of  a  single  electric 
fluid  residing  in  all  bodies,  and  capable  of  passing  from  one  to  another.  The  particles 
of  this  fluid  are  supposed  to  repl  each  other,  and  to  be  attracted  by  the  particlw  nt 
ponderable  matter;  and  a  body  is  in  its  niitural  or  neutral  electric  state,  when  thr 
ijutintity  of  elcH.-tric  fluid  contained  in  it  is  such  that  the  repulsion  exerted  by  the  wholo 
of  thnt  fluid  on  a  particle  of  electric  fl\ud  situated  externally  to  the  body,  ts  equal  to 
the  attraction  cxert-ed  on  the  same  particle  by  the  ponderable  matter  of  the  body.  A 
body  containing  more  than  this  natunil  quantity  of  electric  fluid,  is  in  the  potUiet 
state,  and  exerts  a  repulsive  action  on  the  elettric  fluid  of  neighbouring  bodies ;  and  b 
body  containing  less  thiia  the  natunil  quantity  is  in  the  nrgative  state,  and  exerts  as 
attractive  action  on  the  electric  fluid  in  neighbouring  bodies. 

It  ia  mmy  to  see  that  this  theory  is  capable  of  rendering  an  exact  a««nint  of  all  th* 
pI)enom*>na  of  induction  nnd  diBchargo.  A  body  containing  excess  of  electric  floliJ 
repels  the  fluid  in  a  neiglibouring  conductor  to  the  farther  end,  rendering  tiiat  end 
pOfsitire,  and  the  neuror  end  ncgatiTe;  and  a  bmly  containing  exccias  of  pondemlJe 
matt-er  attracts  the  fluid  in  a  neighbouring  conductor,  rendering  the  nearer  end  of  that 
conductor  pOHitive,  and  the  further  end  negative  ;  and  when  the  attraction  between  the 
electric  fluid  and  the  ponderable  matter  on  the  adjoining  sorfuces  reaches  a  certaia 
limit,  a  quantity  of  electric  fluid  passes  from  the  |xisitive  to  the  negative  snrfiiee,  \n 
the  form  of  a  spark,  the  redundant  fluid  of  the  positive  Viody  being  then  divided  b^ 
twcen  the  two.  It  is  unnecessary  to  go  into  details;  the  explanution,  in  every  ease  s( 
charge  »nd  discharge,  is  the  wime  ss  on  the  Iwo-fluid  theory,  merely  sumtitming 
the  attraction  between  ponderable  matter  and  electric  fluid  for  that  of  the  two  electric 
fluids,  one  for  the  other. 

The  Frsnklinian  theory  has,  however,  been  supposed  to  fail  in  accounting  for  th* 
nutttal  repulsion  of  two  negatively  electrified  bodies.  When  two  bodies,  pitb-balls, 
for  example,  contain  excess  of  electric  fluid,  the  mutual  repulsion  of  the  particles  of 
that  fluid  will  cause  it  to  be  most  concentrated  at  thi'ir  farthest  points,  where,  being 
prevented  from  going  any  farth*T,  by  the  resistance  of  the  air,  it  will  cause  Xht  balls  to 
fly  asunder.  But  when  the  bodies  contain  less  than  their  natural  quantity  of  electric 
flnid,  their  mutual  repuision  cannot  be  accounted  for  in  a  similar  manner:  beoo* 
Aepinus  was  induced  to  add  to  the  Frankliniau  theory  the  aftsumption  that  <4«  ;>«r> 
tiefit  of  pondfrahlf  mnrtt<T  repel  each  other.  This  Besuraption  has  usually  been  etm- 
aidered  m  ojiposed  to  the  well-known  fact  of  auiTcntal  gravitation ;  but  it  'a  not 
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a«o*Bttrilj  ao :  fnr,  m  pointed  out  hjr  "Roget,  in  his  trMtise  on  Electricitj,  in  tha 
"Library  of  Us«*fu]  Koowledgv,"  the  t^ndencj  of  any  two  bodies  to  move  towarda  or 
away  from  one  another,  ia  the  reaaltant  of  all  the  attractiTe  and  repolaiTe  forcea  ejiert«d 
b«tw—tt  tb«m ;  it  therefore,  we  supprwe  the  sura  of  the  rt^paUiro  force«  (that  ia,  of  the 
p«itid«  of  cliMtrie  fluid  fnr  each  other,  and  of  the  pdrtideu  of  ponderable  matter  for 
«teh  eCh«r)  to  be  aligbtlj  leas,  at  the  same  distance,  than  the  sum  of  the  attractire 
tarem  (exerted  between  the  partidea  of  ponderable  matter  and  electric  fluidX  there 
will  remain  a  certain  recidaal  attractive  force,  which  may  oonatitute  the  force  of 
gTHvi  tattoo. 

On  the  other  hand,  we  may  obMrre  that  the  aaaamption  of  a  repnlaive  force  between 
the  nuticka  of  ponderable  matter  ia  not  at  all  required  to  explain  the  pbenomonon 
wfai^  gare  rise  to  it.  In  fact,  two  negatirely  electrified  bodiea  may  be  aappoeed  to 
reeede  from  ueh  other,  not  becauae  they  actually  repel  each  other,  bat  because  they 
attract  one  another  leaa  Itian  eit-her  of  them  is  attracted  by  the  surrounding  air,— jost 
aa  a  balloon  riaea  in  the  air,  not  because  it  is  actually  repelled  from  the  earth,  but 
because  it  graritatea  leaa  than  an  aqoal  bulk  of  air. 

The  Franklinian  theory  has  been  mppoaed  to  receive  conmderable  (mpport  from  t1i« 
welt-known  appearance  of  the  poattiye  and  negative  brush  (p.  389).  The  positive 
bnuth,  with  ita  divergent  ramificationa,  does  certainly  suggest  the  idea  of  a  fluid 
forcibly  ejected  through  a  narrow  aperture,  whereas  the  negative  brush  and  glow 
have  rather  the  appearance  of  streams  of  fluid  converging  towards  an  apertore ;  but 
the  beautiftil  experiments  of  Famday  on  the  appearance  of  the  electric  discharge  in 
diflersiit  ApsM,  show  conclusively  that  the  difference  of  character  in  the  two  brushes 
b  noeh  iMi  absolnte  than  was  formerly  supposed,  and  that  it  depends  a<uientiMlIy 
on  the  nature  of  the  medium.  Oassiot,  in  one  of  his  experiments  on  the  electric 
diirbarge  in  vacuous  tubes  (Proc  Roy.  8oc  ix.  606),  speaks  of  "  the  appearance  of  » 
direction  of  a  force  emanating  from  the  negative." 

It  would  bo  difflcnlt  to  single  out  any  electrical  phenomenon  which  aflbrda  % 
decisive  argument  in  fkTOur  of  the  theory  either  of  one  or  of  two  electric  fluida. 
The  two-fluid  theoi^  has,  however,  this  advantage^  that  it  represents  the  Qegativa 
state  of  elet'tric  charge  as  the  exact  counterpart  of  the  positive ;  whereas  the  one-fluid 
the»»ry  assumes  a  fundamental  difTcrence  between  the  two,  regarding  one  as  arising 
from  an  excess,  and  the  other  from  a  deficiency,  of  eht'tric  fluid,  without  being  able 
to  say  decidedly  which  ia  in  excess  and  which  in  defect  The  poHitive  or  Titreous 
stato  is  indeed  generally  regarded  as  arising  from  excess  of  electric  fluid ;  but,  with  tba 
exception  of  certain  appearances  of  the  electric  light  just  noticed,  no  diflerence  has 
vet  Men  pointed  out  between  the  phenomena  of  pomtively  and  negatively  electrified 
Dodies,  capable  of  indicating  in  which  of  the  two  the  excess  is  to  be  found. 

Of  late  Years,  the  study  of  the  rolationfl  of  electricity  to  heat,  light,  magnetism  and 
mechanical  force  has  led  to  the  notion  that  its  eflTccts  are  due  to  pecnliar  amngemeota 
and  motions  of  the  particles  of  ponderable  matter,  rather  than  to  the  movements  of 
any  peculiar  fluid  or  fluids.  And,  however  clear  may  be  the  view  which  tJie  fluid 
theory  affords  of  the  phenomena  of  electric  charge  and  dischitrge.  it  it  not  difFiciilt  to 
regard  these  phencmena,  at  least  in  their  general  features,  from  a  different  point  of 
view.  The  opposite  charactera  of  the  two  dectricities  may  be  supf>oaed  to  arise  from 
two  different  kinds  of  motion  among  the  piirtieJes  of  bodie^  perhaps  analogous  to  the 
vibrations  of  rays  of  light  polarised  in  difffPtnt  planes ;  and  the  division  of  an  electric 
chai^ge  be^waen  two  bodies,  may  be  comparefl  to  tha  diviaioa  of  velocitr  which  take* 
place  wiica  %  body  in  moti^jo  strikes  anotber  at  iwt  or  moving  la  a  different 
dirsction. 

In  considering  this  qnestion,  bowever,  it  should  not  be  foigotten  that  tlie  pbeao« 
mena  of  light,  and  certain  disturbances  in  the  motioti  of  comets,  point  to  the  existence 
of  an  ethereal  medium  pervading  space  and  fliling  up  the  inteirals  b<<twecn  the  ptir- 
tidea  of  ponderable  bodies.  Such  a  medium  can  scarcely  be  without  influence  on  the 
electric  state  ot  a  body ;  and,  admitting  its  existence,  it  is  by  no  means  improbablo 
that  it  may  have  a  translatory  as  wi-U  as  a  vibnttory  motion,  the  former  giving  rise  to 
the  phenomena  of  electricity,  the  latter  to  those  of  light 

Bbtslopioint  cr  Ei-icTBicTrr  bt  MncsAincaL  Acnow. 

1.  By  Prlotlon.  The  development  of  electricity  by  the  friction  of  two  solid  bodies^ 
one  at  least  of  which  is  a  non-conductor,  has  alrrady  been  considered  (pp.  376,  377). 
V«  hftT«  DOW  to  notice  the  electric  effects  produced  by  the  friction  of  pulverulent 
liodies,  <rfcoodacttng  solid  bodies,  and  of  liquids. 

I^a>wdera  projected  from  a  pair  of  bellows,  become  electrified  by  friction  against  the 
lobe.  Bennett  made  the  curious  obeerrution,  that  powdered  chalk,  blown  from 
A  bdlows  againft  the  cap  of  an  eleotioMope^  exhibited  +E  when  tlie  cap  wu 
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about  C  inphw  from  the  noalp  of  tho  bellows,  but  ~B  vrhen  the  distance  win 
6  iQches.  The  poW(l(>r  is  in  fact  positively  electrified  by  friction  aerHin^t  the  tub^  of 
the  bellows,  negatively  by  fri<^ion  ftgninst  the  cHp of  tbe  plectroscopo,  the  onf  or  the 
other  of  thcie  effects  predomiaaling  «c»eording  lo  the  diatunce.  Pounded  ice  and 
xerr  drr  aoow  become  electrified  when  blown  from  a  bellows. 

Powaers  become  etrongly  electrified  by  passing  through  sievet.  PolTerised  earths 
and  a  lai^e  somber  of  aolid  acids  acquire  ne^Htire  electricity  when  sifted  through 
organic  tisauea.  Many  powdera  become  electrical  when  stirred.  I>ry  oxalate  of 
caToium  Btirred  with  a  rod  of  glass  or  platinum  beoome«  poditively  electricral  to  so 
high  a  degree  that  it  is  lifted  out  of  the  containing  vessel  on  Nmoriiig  th<«  rod 
(Farnday).  Powders  are  alno  strongly  electrifled  by  rubbing  against  each  oilier. 
When  HCfthng  wax  and  sulphur  in  powder  are  rubbed  together,  the  wax  becomes 
poffitiTc,  the  aulphur  negative.  When  pounded  reain  (colophony)  and  red  lead  are 
riibbwi  together,  the  re«in  becomes  negative,  the  red  lead  positive.  A  good  wav  of 
exhibiting  the  opposite  charges  thus  acquired  by  two  powders,  is  to  project  t^em 
from  a  caoutchouc  bottle  having  a  glass  tube  inserted  into  its  mouth  and  a  piece  of 
flannel  tied  over  the  tube,  against  two  brass  knobs  (the  kuoba  of  two  Leyden  jars  fnr 
example),  oppositely  electrified ;  the  resin  ii  then  wholly  deposited  on  the  positive,  the 
red  lead  on  the  negative  knob.  If  the  powders  are  projected  against  ft  reainona  eakc 
two  point*  of  which  have  been  oppositely  electrified,  they  collect  foand  the  points 
in  very  remarknble  configunitiona,  called  Lfucktenberg  $  jigurti,  the  reain  being 
deposited  round  the  positive  point  in  beautiful  urborescent  forms,  tbe  red  lead  round 
the  negative  point  in  round  patches,  or  sometimes  in  concentric  cin-lea,  altogether 
destitute  of  arborescont  charucter.  The  difference  is  of  the  same  kind  as  that  between 
the  positive  and  negative  brush  in  air;  it  would  be  interesting  to  obeerre  how  tlw 
flgunes  would  be  modified  in  Mtmospheres  of  different  gases. 

Friction  of  Good  Condxictort, — Metals  and  other  good  conductors  do  not  exljfbft  any 
■igns  of  electricity  when  rubbed  together  and  then  brought  in  contact  with  an  elec- 
troscope, because  the  opposite  electricities  recombine  more  qmckly  than  the  sorfaees 
ean  bi  aeparated.  If,  however,  one  of  the  metals,  in  the  form  of  tilings,  is  made  to 
hXa  OTor  the  surface  of  the  other,  sigui  of  electric  charge  become  apparent,  becaoss 
the  fine  division  diininishea  the  conducting  power  of  the  metal.  Becquerel  finds  that 
when  filings  nf  any  metal  are  projected  a^unat  a  jilate  of  the  same  metal,  the  filiiipi 
bi-come  negative,  and  the  plate  positive,  the  effect  being  utronger  m  the  metillic  iiowder 
is  finer  and  more  rapidly  projected.  When  the  plate  and  the  filings  are  of  djfferE>nt 
metals,  the  effect  is  complicated  by  the  electric  charge  resulting  either  firom  simpls 
pontart  of  the  two,  or  from  chemical  action  exerted  on  one  of  them  by  the  moisture  in 
the  air  (p.  414),  bo  that  the  efll'ct  due  to  friction  cannot  be  exactly  sacertainod 
Copper  filings  become  negutive  when  projected  against  plate.'?  of  zinc,  lead,  tin,  iroa, 
bismuth,  and  antimony;  zinc  filiogs  positiTC  with  plates  of  platinum,  gold,  silvrr, 
popper,  and  tin, — negative,  with  plates  of  einc,  bismuth,  antimony,  and  iron.  Pulverised 
metallic  oxidt-s  and  aulpliides  are  positive  with  respect  to  the  corrfsponding  raetalsL 

To  exhibit  the  electricity  developed  by  rubbing  together  solid  pieces  of  good  een- 
ductors,  it  is  necessary  to  make  use  of  the  galvanometer.  Solder  a  narrow  strip  of 
copper  plBt«  t«  one  end  of  a  galvanometer  wire,  and  a  similar  strip  of  iron  plate  to  tbe 
other  end^  and  enclose  tbe  junctions,  together  with  a  portion  of  the  platea,  in  corks,  ia 
serve  as  bandies,  so  that  no  heat  may  be  communicated  from  the  hand  to  the  metal 
If  tbe  two  platea  are  then  simply  brought  in  contact,  no  electric  effect  will  be  appamt ; 
but  on  mbbing  one  plate  lightly  over  the  other,  taking  care  to  separate  the  nibbed 
parts  OB  qoiekly  as  possible,  but  etill  maintaining  the  contact,  tlto  needle  of  tbe  galw 
Dometer  will  be  deflected,  its  direction  indictitiiig  the  passage  of  a  current  of  positire 
•lectriojty  from  the  iron  through  the  wire  to  tbe  copper,  and  therefore  showing  that  tbe 
Iron  ho*  been  rendered  positive  by  the  friction,  and  the  copper  negative.  Of  the  bodies 
In  the  following  table,  each  one,  when  thus  treated,  beoomes  negative  with  all  those 
which  follow,  positive  with  all  those  which  precede  it :  Bifmvtk,  paUadium,  platinni, 
had,  tin,  nickel,  cofmft,  copper,  gold,  tUvcr,  iridium,  xinc,  iron,  cadmium,  arsenic,  a»- 
Hmont/,  anthr lid te,  peroxide  of  manganf^f.  This  is  the  same  as  the  thenno-de«tHe 
series  (p.  412);  nevertheless,  the  effects  do  not  appear  to  I>e  due  to  heat;  for,  if  two 
eylindt'ra,  about  4  inches  long,  one  of  copper,  the  other  of  iron,  are  attached  to  the 
ends  of  the  galvanometer  wire,  and  rubbed  together  in  srch  a  manner  that  the  sams 

foiats  of  the  one  may  traverse  the  entire  length  of  tbe  ot^er,  wherMb}*  these  poiinta  an 
eat«d  mnch  more  strongly  than  the  sur&ce,  the  same  current  is  obtained,  both  in 
dirwfftion  and  in  intensity,  whether  the  iron  be  rubbed  in  this  way  orer  the  copper, 
or  the  copper  over  the  iron.  The  degree  of  beat  evolved  in  either  of  the  metals  ia^ 
therefore,  without  influence  on  the  result. 


Friction  of  Liquids. — It  wta  formerly  Bupposed  that  ojectridty  !«  not  developed  by 


til«  friction  of  liqQida  ■gainst  soliJ  bodiaa.  Subsequeotly,  bowvrer,  it  wu  foQnd  Uijit 
liamdii,  in  the  form  of  very  amall  glohalea,  either  alone  or  mixed  with  air,  yield  a  con- 
■tacrable  quantity  of  electricity  by  friction  against  aolida ;  akohol,  ether,  and  liquid 
raaina,  projected  in  this  maniipr  against  rough  glass,  render  it  itfongly  positive. 
Hercoty  may  be  reniiored  highly  dectric  by  friction.  When  a  small  quantity  of 
XDercoiy,  contained  in  a  foot^gliua,  is  connected  by  an  iron  wire  with  a  gold-leaf  elec- 
troscope, and  a  soUd  body,  soch  as  a  glass  rod,  partially  immersed  in  it,  no  signs  of 
electric  excitement  are  manifested  daring  the  immersion ;  btit  on  gniduolly  witbdntwing 
the  solid  body,  the  leaves  of  the  eleclioseope  diTu^  the  excitement  increasing  as  the 
solid  body  is  withdrawn,  and  reaching  its  maximum  at  the  moment  wh«a  it  leaves  the 
mexvorj.  With  organic  subetanoea,  aach  as  paprr,  linen,  wool,  woollen  cloth,  silk, 
sarcenet,  feathers,  and  fielt,  the  rnemny  takes  a  poeitive  charge ;  with  fenthera  and 
felt,  when  rcry  dry,  it  sometimes  givaa  sparks.  Moat  mineral  subet^nces  {e.  g,  rock- 
crystal,  solphur,  and  glass),  render  the  mercury  negative ;  amber  and  »cding-wax 
gire  it  a  strong  positive  ebaige. 

Very  large  quantities  of  electricity  are  developed  by  the  firictioji  of  water»  in  the  form 
of  minute  glubolea,  agfunst  solid  bodies.  Steum  escaping  fVom  bcilen  often  exhibits 
positive,  and  the  boiler,  if  inaolKtcd,  negative  electricity.  If  one  hand,  or  a  plate  of 
metal,  or  a  bundle  of  wires  with  naroerous  points,  be  held  in  the  otream  of  vapour,  and 
Dm  other  brooght  near  the  boiler,  a  spark  xa&j  be  obtained  from  the  boiler.  This 
efTect,  accidentally  discovered  by  a  workman  in  Sir  Willtam  ArmHtrong's  factory  at 
Sighill,  near  Newcastle,  was  carefully  investigated  by  the  latter  (Phil  Mag.  [3]  xxiL  1), 
who  Ibond  that  the  btensity  of  the  electric  charge  increased  with  the  pressure  of  the 
steam,  and  that  the  stejim  was  in  roowt  cases  positive,  the  boiler  negative.  Armh<trong 
attributed  the  electric  excitement  to  the  expansion  of  the  vaponr;  but  Faniday.  by  a 
xerj  careful  analysis  of  the  j)he»ompnon  {Exprrinuntal  Hrsrarehrs,  vt.  18),  hits  shown 
that  electricity  i6  never  excited  by  the  passage  of  pure  steam,  and  is  manifested  only 
when  water  is  likewise  present  Hence  be  conclndes  that  the  effect  is  altogether  due 
to  tbe  friction  of  tlie  globules  of  water  agninst  the  sides  of  the  opening,  or  sgainst  the 
sabstaoces  opposed  to  its  pasctage,  as  the  water  is  rapidly  moved  onw&rils  by  the  current 
of  steam.  Accordingly,  it  is  found  to  be  increased  in  quantity  by  increasing  the 
nreasnre  and  impelling  force  of  the  steam.  The  immediate  effect  of  this  fn«'tion  is, 
ID  all  CMSi,  to  reader  the  st^pam  positive,  and  the  solids,  whatever  they  might  be, 
negative  A  wire  placed  in  the  eorrcnt  of  steam  at  some  distance  from  the  orifice, 
exhibits  the  positive  electricity  acquired  by  the  stea.m,  of  which  it  is  then  merely  the 
recipient  and  conductor.  The  resulta  may  be  greatly  modified  by  the  shape,  nature, 
and  temperatore  of  the  passages  through  which  the  steam  is  forced.  The  electric 
charge  is  greatly  increased  by  canaing  the  jet  of  steam  to  issue  from  a  lube  of  hard 
wooX  With  an  ivoiy  jet,  on  the  contrary,  very  little  electricity  is  produced.  Best, 
by  DTsrenting  the  condensation  of  the  steam  into  water,  likewise  prevents  the  evolution 
of  electricity,  which,  however,  speedily  appears  on  cooling  the  passages,  so  as  to  restore 
the  water  which  is  necessarv  for  the  production  of  that  effect.  The  phenomenon  of  the 
evolution  of  electricity  in  these  circumstances  is  dependent  also  on  the  quality  of  the 
fluid  in  motion,  more  especially  in  relation  tn  its  conducting  power.  Water  will  not 
excite  electricity,  unless  it  b«  pore :  the  addition  of  any  soluble  salt  or  acid,  even  in 
minute  quantity,  is  snfKcient  to  destroy  this  property.  The  addition  of  oil  of  turpen- 
tine, on  the  contnry.  occasions  the  development  of  electricity  of  the  opposite  kind  to 
that  which  is  excitm  by  water;  each  particle  of  the  water  then  becomes  covered  with 
a  thin  film  of  oil,  so  that  the  friction  takes  place  only  between  that  external  film  and 
the  solids  along  who^e  surface  the  globules  of  liquid  are  carried.  A  similar  but  more 
permanent  effect  is  produced  by  the  presence  of  olive-oil,  which  is  not,  like  oil  of  tui^ 
{•en tine,  subject  to  rapid  dissipation. 

Compressed  mr,  when  pure  and  dry,  does  not  exhibit  any  sign  nf  electricity  when 
issuing  from  an  orifice ;  but  if  damp,  it  acquires  positive  olectrieity.  and  renders  the 
Tsssel  negative,  the  effect  bein^  due  bo  the  particles  of  water  coudr-ni^ed  by  the  cold 
arising  from  the  sudden  expansion  of  the  air.  The  escaping  air  likewise  becomes  elee- 
trie  if  it  is  impregnated  with  fine  dost  or  powder  of  any  kind.  Thus,  when  air,  con- 
taining finely  divided  sulphur,  issues  from  a  mouth-piece  of  metal,  wood,  or  sulphur, 
the  air  acquirta  +  E,  the  vessel  —E;  powdered  resin!  renders  the  vessel  negative  if 
the  mouth-piece  is  of  metal,  positive,  if  it  is  of  wood;  starch-powder  renders  wood 
negative ;  very  finely  divided  silica  imparts  -f  £  to  metals  or  to  wood.  The  di.McliiiTge 
of  a  dusty  air-gun  in  tbo  dark  is  attended  with  a  flash  at  light,  which  is  probably  duo 
to  electricity  developed  in  a  oimilar  manner. 

The  general  couclufiion  to  be  drawn  from  the  experiments  above  described,  is  &at 
electricity  u  excited  by  friction  between  two  sohd  bodies,  or  between  a  solid  and  a 
liquid ;  but  that  the  friction  of  gaaee  igaiait  solids  does  not  produoe  any  developmont 
of  electrid^. 
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The  electric  excitement  resulting  from  the  friction  of  vnt^r  im  applied  to  the  eon* 
•traction  of  an  electricMl  machine  of  great  power,  called  the  Htdro-elbotiuc  machine 
It  cocsiBts  esBCDtiallj  of  a  cylindrical  hoUer  a  {fiff,  397),  a  set  of  escape-tabea  c,  piirtJj 

encl<M«d  in  a  eondeiuer  K  aad 
/V'3*''  a   conductor   d.     The    boiler, 

which  ifl  Qflually  about  IS 
inclies  in  diameter  and  SO 
inehefl  long,  ia  heated  br  an 
:;  .  interior  firf-place  fed  with 
jT'^^  ))  charcoal ;  /  ia  the  firedoor,  ^ 
;^y  the  chimney.  The  boiler  u 
py\\  BUpportcd  on  four  strong  gla« 
lega  P.  fixed  to  a  frame  which 
stands  on  castors  M ;  «  is  the 
Hufcty-Talve ;  r  a  cock  fur 
letting  off  the  steam,  and 
setting  the  machine  in  ac- 
tion, the  eteam  first  passing 
into  the  tube  t,  thence  into 
the  throe  small  horixnotal 
tubes  pn&sing  through  ths 
condenser  b,  and  issuing  by 
the  mouth-pieces  e.  The  con- 
denser b  contains  cold  watrr, 
not,  however,  reaching  to 
the  level  of  the  boriiootal 
tul»es,  but  supplied  to  them  by 
cotton  wicks  hung  over  them, 
and  dipping  into  the  wut<>r; 
the  wicks  thus  become  mois- 
tened by  rapillaritv.  and  eotil 
the  tubes  just  su&ciently  iu 
condeuise  a  portioo  of  tlie 
steam.  The  steam  which 
forms  within  the  condenser  escapes  into  the  chimney  by  the  tube  q'. 

The  cooBtniction  of  the  mouth-)rieea«  ia  of  great  imfjortance ;  in  fact,  the  power  of 
the  machine  mainly  depends  upon  them.  The  escape-tubes  neiir  their  extremities  nre 
widened  in  the  form  of  a  cone  fjiff.  398),  and  within  this  cone  is  inliwlnced  a  piece  of 

hard  wood  /»,  having  the  form  of  a  truiicsted 
Fiff.  399-  pQ„g^  ttig  jtnaller  base  of  which  is  joined  to 

f   _  ___^^    the  piece  of  met«l  m.  The  current  of  vapour 

striking  against  this  piece  of  metal  is  diTid^d, 
and  forcfd  to  enter   the    slit ;    where  it  it 

J. -.,  J    ;  ir-iin  divided  and  passes  into  the  tube  ia 

i... .,   -     Lu^.  i    ■   r  aiis  of  the  wooaen  cone;  theacrcwring 

:i  serves  merely  to  keep  the  difESarent  par*a 
of  the  mouth-piece  together. 
As  the  steam  posses  through  the  condenser,  part  of  it  is  reduced  to  minute  drops  of 
water,  which  pass  on  with  the  steam,  and  xt  ia  hy  the  friction  of  these  drops  of  wafer 
against  thu  wood  thut  the  eieelricity  ia  developed ;  in  fact,  the  drops  of  water  corre- 
siiond  lo  the  rul»UT  of  nn  ordinary  electrical  machine,  the  wooden  mouth-piece  to  tlie 
plate  or  cylinder,  and  the  steam  is  merely  the  motive  powt-r  serring  to  produce  rapid 
friction. 

The  uteam,  as  it  issues  from  the  tubes,  impinges  against  &  number  of  metallic  poindi 
at  tlie  top  of  the  conductor  rf,  and  charges  the  conductor  with  ■¥  E;  this  conauctor 
is  insuliit'^d.  and  sparks  are  taken  from  the  ball  K. 

Thi^  tube  11/  Bprrep  to  introduce  different  pulverulent  substances  into  the  oooRe  cf 
the  Htoam  in  oi"der  fn  Htutly  their  influence  on  the  nature  of  the  electricity  developed. 

The  hyii-o-CiectHc  machine  yields  latere  qmintities  of  electricity,  and  of  very  higk 
intensity.  A  gigantic  machine  of  this  kind,  exhibited  a  few  years  ago  ut  the  Poly- 
technic Institution,  having  a  boiL'r  3|  feet  in  diameter  and  6.i  feet  long,  chargeil  s 
battery  containing  36  sqnare  feet  of  coated  surface  in  half  a  minute,  and  gave  sparks 
22  inches  long,  which  instantly  set  fire  to  tow  tilled  with  pounded  resin,  and  to  a  hesp 
of  wood-shavings, — effects  which,  with  the  ordinary  electrical  apporatoji,  can  onJyb* 
produced  by  t  tie  discharge  of  a  large  jar. 

The  hydro-elf ctrie  maehine  is  not,  however,  very  well  adapted  for  general  use.  It 
ttimot  tu  uiied  ia  an  ordinary  apartment,  as,  besides  the  Incoavemcnce  of  the  fire,  it 
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ft  awMHiy  to  proride  mtiw  meanfl  of  cmrnring  off  the  steAm,  othmriae  the  atmo* 
»|)her»  aoofl  booomM  qait«  unfit  for  electrical  experiments.  Monmrer,  to  get  ap  the 
Btenin  to  the  required  pressure,  the  fire  moet  be  kept  up  for  sercml  boors,  and  to  ke«>p 
the  machine  in  a  proper  state  of  efficiency,  the  interior  ranet  be  cleanned  from  time  to 
time  bj  heetiog  a  aolation  of  potash  is  the  boiler,  bloving  it  through  the  tubes,  and 
then  waahing  out  with  pore  water. 

2.  By  Freacore.  Friction  is  not  the  only  kind  of  mechnnical  action  bj  which 
electricity  mar  be  dereloped;  indeed,  ererr  molectilar  mc^rcment  of  a  solid  body, 
howerer  prodoeed,  appean  to  be  attended  with  •  disturbance  of  the  electric 
equilibriom. 

Solid  bodiea  become  oppositely  electrified  when  merely  pressed  together  and  after- 
varda  aep«i»ted. 

When  two  parallel  faces,  natnnd  or  artificial,  of  a  mineral  ore  preased  between  the 
llngen^  the  nuner&l  frequently  becomes  electrical  on  these  surface*,  generally  showing 
poaitire  electricity.  Calcapftr  retains  the  electricity  thus  deTelojwd  from  three  to 
eleven  days,  topas  and  flaor-spar  sevenil  honn,  mica  one  or  two  boura,  and  lock* 
crystal  for  a  shorted*  time.  Tale  must  be  insulated  in  order  to  rendi-r  it  electrical ; 
heuTy  spar  and  gypsum  are  not  sensibly  electrified  (Hany). — According  to  Bccqnerel. 
not  a  trace  of  electricity  is  perceptible  while  bodiea  ore  being  pressed  together;  it  is 
not  till  they  are  separated  that  the  one  appears  positively,  the  other  negatirely 
electrified.  A  slice  of  cork  becomes  poeitively  electrifled  when  prensed  against  a  slice 
or  plate  of  eaoolchoac,  orunge-peel,  retina9phalt,  coal,  amber,  cine,  copper,  stlTor, 
kTMiite^  or  heated  double  refracting  spar,  these  sulMitaiiees  at  the  same  time  becoming 
nsKwtiTs.  On  the  oontimiy,  the  slice  of  cork  becomes  oegatiTe  with  all  dry  animal 
sabstsnoes,  with  heavy  sp«ir.  gypanm  (which  most  be  freed  by  diying  from  Iiygroecopic 
wftterV  flaor  spar,  and  double  refracting  spar,  not  heated, —  those  substances  at  the 
same  time  beconlug  positive.  Two  good  conductors  pressed  together  exhibit,  when 
separated,  no  ofhcr  electricity  than  that  developed  by  mere  contact.  Two  similar 
bwlies  do  not  become  electrical  by  pressure,  nnleiis  one  of  them  is  ot  u  higher  tempont- 
tnre  than  the  other;  and  then  the  hotter  body  always  becomes  negative,  the  colder 
positireL  The  strength  of  the  eleotricity  thus  developed  depends  upon  the  nature  of 
the  bodies,  the  state  of  their  surfaces,  the  intensity  of  pressure,  and  the  rapidity  of 
separation.  Cork  produces  more  electricity  with  calespar,  when  the  pressure  is 
exerted  on  one  of  the  faces  parallel  to  the  cleavage-planes,  than  with  heavy  spar; 
with  the  latter  more  than  with  polished  rook-crystd,  and  with  this  more  than  with 
gypsum,  or  with  the  polished  surface  of  calcspar;  and  when  pressure,  temperature, 
cuTness,  and  polish  of  the  cleft  surfuces  are  pquul  —  three  times  as  much  with  calc- 
qiar  as  with  gypsum.  The  intensity  of  the  electricity  varies  directly  as  the  pressure; 
so  that  when  the  latter  is  doubled,  the  fonaer  is  doubled  alsa  liiaBtly,  if  the  two 
bodies  which  huve  been  pressed  together  are  slowly  separated,  the  two  electricitiee 
have  time  t3  reunite,  and  a  much  smaller  quantity  remains  in  the  free  state  after  the 
separation.  Bodies  rendered  electrical  by  pressure  retain  the  electricity  for  a  longer 
time,  in  proportion  as  their  insulating  or  non-conducting  power  is  greater. 

3.  fly  Cle«TM»e  »^<^  Separation  of  Borfttees.  Witiea  two  kmin.-e  of  a 
crystal  of  mica  are  suddenly  tarn  asunder,  there  is  not  only  an  appearance  of  light 
pHtdueed,  hot  one  lamina  bocomra  positively,  the  other  negatively  electrifipd  ;  if  again 
pressed  together  and  subsequently  separated,  they  again  appear  electrified.  Also, 
on  the  cleavage  of  calcspnr.  fluor-spar,  heavy  spar,  topaz,  talc,  and  dry  warmed 
gypsnm,  and  on  tearing  a  playing-card  into  its  two  sheets,  the  separated  lanuriio 
appear  oppositely  electrifiwl.  In  topaz,  whose  cleavage  takes  plrti^e  pamllfl  to  the 
terminal  ^ees  of  the  prism,  the  cleft  surface  belonging  to  one  end  of  the  prism  exhibita 
sometimes  one  kind  of  eleoTricity,  sometimes  the  other.  When  malted  sbellac  is 
ponied  upon  elasa  and  palled  off  after  cooline,  both  become  elrctrifled.  Moii« 
crystalline  bodiea,  such  as  sealing-wax  or  glass,  exhibit  no  eWtricity  when  broken. 

Two  sleets  of  paper  stick  fust  together  when  rublied  with  in-lia-rubWr,  and,  nn 
being  puUed  asander,  appear  strongty  charged  with  opposite  electricities,  often  suffi- 
ciently to  give  sparks- 

The  electric  effect*  obtained  in  the  solidification  of  ftised  substances  depend,  like 
the  preceding,  on  a  dieaggregatioa,  or  forcible  separation  jf  particles.  Wlien  melted 
nIpQur  is  poured  into  a  short  gloss  vessel  of  conical  shape,  and  a  chiw  rod  is  inserted 
into  the  sulphur  before  it  ««olidific»,  no  electricity  is  apparent  so  long  as  the  sulphur 
rfmiiina  in  the  ghisx,  but  on  lifting  out  the  solid  cotie  by  the  guss  handle^,  the 
sulphur  exhibits  +  E,  the  inner  Hurfnce  of  the  vnssel  -  K  Similar  effects  are  exhibited 
by  chocokte  and  glacial  phosphoric  acid  when  melted  and  left  to  soUdifjr  in  gluss 
Teasels.  The  development  of  electricity  in  these  cases  depends  on  the  separation  of 
the  two  iurfaces  by  the  contraction  of  the  melted  macs ;  sabstaacos  which  expand  oa 
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rooling,  like  (osible  metaL  (rxbibit  do  electricity  when  left  to  solidify  in  g^ttta  reaaek 
H*.'nef>  Ga^-Irtisiuic  concluded,  thut  the  clmoge  of  etatefrom  the  liquid  to  the  solid  ia  not 
A  ♦linect  source  of  olectric  excittsinent,  but  merely  aervw  in  some  eases  to  produce  • 
iflolfe^ular  disaggregation,  which  ia  the  true  source  of  the  rioctricity.  If  snlphnte  of 
copper  and  potaasiiun  be  brouKht  into  a  stat*  of  red-hot  fusion  in  a  plstinom  crucible, 
cruiiipctpd  by  a  ring  of  wire  on  which  it  rests  with  a  Bohni*nberger  s  elcctrc»«i|» 
(p.  428),  and  then  left  to  cool,  no  electricity  will  be  apparent  during  the  a 
but  us  soon  aa  the  crystalline  muss  begins  to  contract  with  an  audible 
ftud  fuUu  to  pieces  ftrftdaally  and  sponlaueomsly,  the  formation  of  each  new  Bsaote  u 
seoompauieii  by  a  dcTolopnu-nt  of  electricity,  and  the  effect  goes  on  till  the  wbols 
tfrumbles  to  dust  (Bottgcr,  Fogg.  Ann.  l.  43.) 

4.  Bj  Vlbratlont  When  a  metal  rod  hftTing  on©  of  its  ends  coeted  with  rorin,  ia 
tande  to  slide  through  an  insuhited  metallic  ring,  bo  that  Tibrations  may  be  prodocfd 
in  the  metal,  and  commanicat4?d  to  the  resinous  coating,  the  rod  and  the  coating  both 
l<ecorae  electrical ;  the  kind  of  plectricity  deTeloped  in  each  of  tbcm  depending  on  the 
direction  in  which  the  rod  is  moved-  When  the  rod  slides  throogh  the  ring  with  ths 
covered  end  in  adrance,  the  uncoated  portion  of  the  rod,  and  therefore  also  the  inner 
surface  of  the  resinotta  coating,  becomes  negative :  the  outer  sur&oe  of  the  coating  at 
the  same  time  becoming  positive,  as  may  be  shown  by  hanging  a  small  metal  ring  over 
it,  and  connecting  this  nng  by  a  thin  wire  with  a  ddicate  gold-leaf  electroscope.  On 
reversing  the  movements^  the  electric  charges  are  Ukewise  reversed.  If  both  ends  of 
the  rod  are  coated,  and  connected  in  like  manner  with  dectroacopes,  they  exhibit 
oppoBite  electricities  ut  each  movement  of  theiCHl 

Different  metals  eihibitthis  effect  in  various  degrees;  brssi  and  talxmr  much  roon" 
strongly  than  iron  or  steel.  The  effect  ia  duo  to  the  longitudinal  vibratioa  produced 
in  the  rod,  which  seta  the  particles  of  the  msinous  coating  also  in  vibratory  motioii, 
and  seems  to  cause  them  to  arrange  thncoselves  in  a  polar  chain,  so  that  the  two  8ia>> 
faces  of  the  layer  exhibit  opposite  poUrities.  That  it  is  not  due  to  mere  friction  is 
pro\'ed  by  the  fact,  tliat  the  direction  of  the  electric  polarity  remains  the  same  as  abort 
when  the  ends  of  the  rod  are  coated  with  sulphur,  but  is  reversfld  when  they  art 
covered  with  pieces  of  gloss  tube;  it  is  likewise  unaltered  when  the  inner  aur&oe  of 
( he  ring  is  coated  with  various  substances.  When  rods  composed  entirelj  of  resin, 
sulphur,  or  glass  are  used  the  effects  are  the  same  oa  when  the  ends  of  a  metal  rod  an 
coated  with  these  sabetancee ;  glass,  however,  becomws  much  more  strongly  excited  than 
resin  oar  snlphiir,  because  it  is  more  elat<tlc  and  vibrates  better.  It  is  remarkable  that 
these  eSkrts  are  produced  quite  as  strongly  in  a  vacuum  as  in  air.  (Volpicelli, 
Gompt  rend,  ixxviii.,  16  Mai,  1854). 

WQaatbe  ends  of  a  galvanometer  wire  are  connected  by  a  wire  composed  of  brass 
and  iron  soldered  together,  and  this  compound  wire  is  stretched  and  made  to  vibnt« 
so  as  to  give  out  a  musical  sound,  the  needle  is  immediately  deflected,  indicating  th* 
production  of  an  electric  current  A  compound  bar  of  antimony  and  bismuth  8olde«d 
togBther,  end  to  end,  26  centimetres  long,  10  mm.  wide  and  7  mm.  tl\ick,  exhibits 
this  effect  very  striingly  when  connected  with  a  galvanometer,  and  struck  with  a 
piece  of  iron.  A  similar  effect  may  be  obtained  wifln  a  bar  of  a  single  metal,  iron, 
for  example,  on«i  portion  of  which  is  hard  and  crystalline,  the  other  soft  and  fibroos, 
(Suiliv avL,  Archhn  if  Elc^:iricite,i^  4S0).  Ermana  {ibid,  v.  477)  has  also  shoire 
that  when  different  metuls  are  combined  together,  as  for  thermo-electric  couples  (p.  412) 
and  rubbed  slightly  at  the  point  of  contact,  currents  are  produced  in  the  same  directioB 
as  if  heat  were  applied  The  effect  is  not,  however,  due  merely  to  heat  developed  by 
the  friction,  but  is  a  direct  result  of  the  vibration  or  moleciJar  dititurbance  thence  re- 
stiltine ;  for  the  current  sboira  itself  the  instant  that  the  friction  commence  and  ceasei 
wln-n  *he  friction  is  disconttnaed,  however  long  it  may  have  been  kept  up. 

When  a  long  unanncaled  copper  wire  supported  at  intervals  on  props,  is  connected 
v'Tth  a  galvanometer,  so  as  to  form  a  closed  circuit,  and  one  part  of  it  raiited  « 
Irtwert'd,  and  then  released  »o  as  to  throw  the  wire  into  vibration,  an  electric  cnrwnt  in 
fMimf  times  praduced.  If  the  needle  doee  not  move,  it  is  probable  that  equal  and 
f>ppn.Mite  currents  are  pro<luced  in  different  pnrtfl  of  the  wire  ;  in  that  case,  if  one  psrt 
of  the  wire  be  hardened  by  hammering  or  twisting,  and  the  movement  then  repeated, 
a  current  will  be  produced.  These  currents  are  not  due  to  the  inductive  action  of  tie 
earth's  magnetism ;  for  they  are  produced  in  the  same  way  whether  the  wire  be  nlaoed 
pandlel  to  the  magnetic  meridian,  or  inclined  to  it  at  any  angle  whatever^  (Peltier, 
Arehivet  cTEleclr.  LIU). 

It  appears  then  that  every  molecalar  disturbance  taking  place  in  a  solid  body  i« 
attended  with  a  development  of  elwtricity.  Whether  the  electric  polarity  tau 
nroduppd  actually  con«i»ta  in  a  peculiar  arrungement  of  the  molecules  of  the  body,  « 
lA  particulur  movemcnta  imparted  to  them,  or  arises  from  a  new  amngement  of  tlM 
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Hfctrie  fluid  or  fluids  ouomtad  with  them,  ui  a  (jaMtioD  which  cannot  at  prMent 
b«  answer^,  fiat  the  whole  of  the  phenomma  lort  dMerib«d  appear  to  indicate 
that  the  electric  polarity,  whatever  it  tnaj  be,  affeeti  each  ■eparate  particle  of  the 
hoAj.  We  mny  imppoae  indeed  that  the  separate  particles  of  bodiee  are  always  in  a 
polariaed  condition  ;  bat  that  when  a  body  is  in  its  ordinary  state,  the  polee  of  tKe 
Mrenl  particlr«  are  disposed  without  any  regular  order,  bO  that  their  resultant  action 
on  any  external  particle  is  nothing,  and  that  electric  excitement  oonmsta  in  turning  all 
the  timilar  pole*  in  one  direction,— juxt  aa  a  glaas  tabe  filled  with  steel-fllings  acta  Uk« 
a  bar-magnet  when  the  filinga  an^  all  regularly  magnetised,  bnt  loaea  its  polarity 
when  the  regularity  of  the  arrangement  is  distorbed  by  shaking.  The  oppoaite  elec< 
trisation  exhibited  by  two  surfaoea  of  a  crystallioe  substance,  like  mica,  when  broken, 
may  be  compared  to  the  effi»et  of  breaking  a  bar-magnet  in  two,  and  sfcma  to  show 
that  the  opposite  polarities  of  the  particles  of  the  eryatal  neutralise  each  other  when  in 
contact,  and  manif<!>At  themselTes  when  smaratwL  The  compariaoo  mnst  not, 
howe«-er,  be  carriiHl  too  far:  for  if  a  erystal  were  made  up  of  poUriaed  partjdt-s 
symmetrically  arranged,  it  would  coostantty  exhibit  opposite  potaritiea  at  its  two  ends. 
The  effect  of  motion,  in  tillowing  the  piuturJes  of  a  body  to  asrame  the  symmetric 
arrangement  essential  to  eleotric  polarity,  is  strikingly  shown  by  the  experiments  of 
Tolpicelli  and  by  those  of  SmlliTan  and  Ermano  ;  the  latter  also  indiriate  a  clos« 
connection  between  the  eflect  of  mechanical  distorbance  and  that  of  heat,  which  wa 
now  proceed  to  consider. 

DavBLOMCxm'  of  EuKmticirr  bt  Heat. 

L  iM  CryttaU  :  —  Pi/ro-flrctrieiti/.—  ^iXij  erjBtale,  while  tlieir  temperature  t« 
timMg  or  falling,  exhibit  contrary  electricities  at  their  opposite  ends,  those  cxtremitii-s, 
or  pwea,  which  are  positive  while  the  crystal  is  being  heated,  becoming  negatire  while 
it  cools.  The  effoct  is  altogether  dependent  on  change  of  iempemtwr*^  no  crystal 
exhibiting  any  electric  polarity  while  its  temperature  remMns  oonatant 

That  pole  of  a  crystal  at  wliich  the  algebraic  sign  of  the  change  of  temperature  ia 
the  same  as  that  of  the  elfctricity  developed  (f.  ^.  which  exhibits  +  E  while  the  tern- 
perstnre  is  ri8ing)iscHlled  tJieiinalogouspoIc;  the  other,  the  antilogouspole. 

The  electric  polarity  of  crystals  appears  to  be  easpntially  rrlati'^d  to  hemihedry,  and 
in  many  instances  to  the  non-snperpoaibie  hemihedry  exhibited  by  8til«tiinoe«  whirh 
puncM  the  power  of  circular  poknsation  (see  Cbtvtaxxoobafut.  p.  157).  It  was  firvt 
obecrved  in  the  tourmalin,  which  has  long  been  known  to  poesees  toe  power  of  attract- 
ing light  bodies  when  heated-  This  mineral  usually  crystallises  in  nine-sided  pri*ms 
of  the  hexagonal  syntera  (Jig,  399),  which  may  be  conceived  to  be  formed  from  the 

0Bp2 

tmogolar  prism  -^  (Chysta.txogiufkt,  p.  143)  haring  each  of  its  edges  berelled 

by  two  small  prismatic  faces,  and  aenminated  at  both  ends  by  three  iliombohednl 
faces  (denoted  by  P  in  the  flgxire),  which  at  one  end,  <i,  are  set 
upon  the  face*  of  the  trian^Iar  pri^m,  and  at  the  other  end,  b, 
on   Its  edges.     The  end  a  is  the  analogous  pole,  becoming  posi- 
tive when  the  crystal  is  heated,  negBtire  as  It  cools. 

The  manifeStatiOD  of  electric  polarity  in  the  tonmialin  is  con> 
fined  within  certain  limit*  of  temperature,  mostly  between  lu° 
and  150°  C. ;  these  bmits  varj-,  however,  according  to  the  length 
of  the  crystal. 

A  heated  crjfital  of  tourranlin  suspended  by  ita  centre  may 
be  attracted  and  repelled  by  elertrifipd  l)odie«,  jurt  as  a  mag- 
netic needle  is  attracted  and  repe'liini  by  other  magntHs;  it  fur- 
ther resemblf>s  a  mugni't  iu  this  respect,  thut  on  bn'uking  it 
across,  while  «till  in  tlie  electrically  polarispd  state,  each  of  the 
fragments  is  fnnnd  to  have  a  positive  and  a  nfgative  pole,  allow- 
ing that  the  electric  polarisation  affects  euch  individujil  particle, 
and  that  in  the  excitc<l  crystal  all  the  particles  hare  their  poles 
symmetrically  disposed. 

In  most  crptals,  the  electric  polarity  is  much  lews  powerful 
than  in  the  tourmalin,  and  in  some  caaes  can  only  be  detect*^ 
by  the  use  of  a  delicate  electroscope ;  but  the  general  Laws  affect- 
ing it  are  tlie  same  in  all. 

In  boracite,  which  crysluUiw.'s  in  the  fona  odOqo.  -    (Jig.  400),  the   four  cubio 

summita  which  are  truncated  by  shining  tetrahednJ  faces,  are  antHogoos  poles  ;  the 
other  four,  whifh  are  either  not  truncated  at  all.  as  in  the  figure,  or  Irunealed  by  dull 
tet»hedral  faces,  are  auulogoua  poles.    Silteat*  of  sine,  or  siliceooa  calamine,  which 
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h  nnsjmmotriciil  at  the  ends  of  the'  prioeipEil  axb,  hoi  on  atulogotu  pole  tt  the  i 
which  wuppermoet  in  flgore  114  (p.  7 H,  toL  l),  antilogous  at  the  lower  extremity. 


Fig.  400. 
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Cane-flURiir,  which  cryBtallisea  in  th«  form  ihown  in  flgnre  401,  oflcn  beeoniM 
hemihwiral  from  dcflcioucy  of  the  fiicea  [Pao  ]  at  one  extremity  of  the  orthodiagonal, 
while  thejr  are  present  at  the  other.  Accordlug  to  Kaokel,  the  end  at  which  Uum 
faces  aw  wanting  is  an  analogoua  pole,  the  opposite  eitremity  an  antilogous  pole. 

Brazilian  topaz  becomes  c!<yctrica]  when  heated,  the  Siberian  Tari«!ty  dightlr, 
th<j  Saxon  not  at  alL  On  he^itinigr  the  two  former  rarietiea,  —E  appears  at  both  ends 
of  the  crjst^il,  and  -«-  E  on  »iU  tlie  lateral  facea. 

Pypo-eletrtrici^  ia  likewise  exh:bit«d  by  the  foDowing  ctyatalliaed  bodies,  all  of 
which  are  hemmedral;  axinit«,  prehnite,  sphene,  meiiotTpe.  akolezite,  menlitr, 
rhodixite,  rock-crystal,  amethyst,  tartaric  acid,  neutral  potassLc  tartrate,  Roclielle  salt, 
•nd  in  a  slight  degree  by  milk-sugar  (Gm,  1319).  Aecordiug  toBrewgter  (Pofl?. 
Ann.  il  301),  many  crystal*  not  hernih^lralare  nevprtheleaipyro-elftctric,  rie.  diaaonJi, 
Bulphur,  eulphate  of  ammonium,  carbonate  of  potassium,  chlonit<>  of  f^otaasiam,  he«Ty 
■par,  cteleatin,  calcspar,  fluor  spar,  sulphate  of  miignesium,  axilphat*  of  magncainm  and 
Bodiutn,  beryt  iolite,  diopside.  vwuviau,  garnet,  analciine,  red  orpimeut,  c«ru«ifc 
green  ritriol,  ferrocyanide  of  potasaitun,  corroaire  mblimate,  oxalate  of  ammonitua, 
citric  acid,  and  acetate  of  lead.  Since,  however,  Brewster  merely  examined  whether 
these  bodies  exhibited  signs  of  electric  excitement  after  being  heated  in  a  flame,— 
an  effect  which  mijjht  prucwd  from  various  causes, — ^theeorrectnees  of  his  statement  is 
di)ubt4^d  by  nankel,  who  examined  most  of  theao  subfltances,  and  found  no  signs  of 
crytrtjil-electricity  in  them.  At  all  events,  it  ia  certain  that  electric  polarity  is  nmrh 
more  strongly  exhibited  by  hemihedral  than  by  bolohedral  cryBt^ils. 

2.  In  Good  Ctrnduetort:  —  ThermO'tieetrieiiff. —  When  one  part  of  a  raetiHie 
circuit  is  more  strongly  heatod  than  the  rest,  an  electric  current  is  excited  in  it  mute 
tht>  following  circumstances : 

A.  When  the  circuit  consists  of  two  metals,  and  one  of  the  pointa  of  junction  is 
heated. 

b.  W1]eD  it  consists  of  a  single  m(*ta,l,  and  the  heating  which  takes  plaee  at  t 
particular  part  diminishes  more  rapidly  on  one  side  than  on  the  other. 

a.  With  tu>o  Mdals,  —  When  two  pieces  of  different  metals  connected  with  • 
gnlranometer,  are  united  by  soldering  or  by  intimate  contact,  an  eJectric  current  ii 
•et  up,  as  soon  as  the  point  of  junction  is  brought  to  a  tempfmture  diflercnt  (eith« 
hiphfr  or  lower)  from  that  of  the  rest  of  the  circuit.  (Se check.)  The  strengtii  of  dM 
current  appears  to  he  iu  direct  proportion  to  the  difibrence  of  temperature,  its 
direction  depends  upon  the  nature  of  the  metals  emploTed.  The  metals  may  ht 
armnged  in  a  fAfrOT<?-^<virfC  »m«,  sndi,  that  each  metal,  when  connected  with  the 
one  on  its  left  hand,  transmits  negatire  electricity,  and  when  connected  with  that  on 
its  right  hand,  positiTe  electricity,  from  its  heated  point  to  the  galvanomet*>r, —  ths 
iHiint  of  junction  being  auppoged  to  be  heated, —  and  vice  wrsd  when  it  is  ooolcl 
The  dtmngeiit  current  is  produced  by  a  circuit  of  bismuth  and  antimony,  these  metsls 
standing  at  theeitj«mitiP3of  the  series. 

According  to  Yelin,  the  order  ia :  Bismuth,  ailwr,  piatinum,  oopptr,  gold,  Hk,  Uad, 
— «wc,  iron,  antimony. 

According  to  Becquerel:  Bismuth,  platinum,  lead,  tin,  gold,  silver,  copper, — lint, 
iron,  antimony. 

According  to  Cnmming:  Galena,  bismuth,  mercury  and  nickel,  platinum,  ; 
eohalt,  silixr    allotfcd  with  copper  and  manganese,    tin,   lead,  brass,    rhodium, 
copper,  osmium-indium,  silver, — einc,  charcoal,  graphite^  iron,  arsenic^  antimimff,' 
ftito  Matthieisen  (Froc  Boy.  Soc.  ix,  SB). 
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The  word  "  and  "  in  tkis  t8bt«  u  plseed  betireni  two  met&Is  of  eqiuU  lh<>nno^lACtne 
power.  Tha  iluh  Bq)antes  the  thenno-positiTe  from  the  tbenno-neigative  nictal«  (m« 
b«low)w  The  dtNcrcpfindc*  in  the  atatemrDts  of  •liferent  experinientfra  induce  the 
vuppoflitioa  that  the  airectioQ  of  the  current  in  affected  by  impuritiea  in  the  metjila, 
and  rmrira  with  the  difference  of  tempenture.  That  the  latter  muy  really  be  the 
eaae,  will  appear  from  the  following : 

When  iron  is  mod«mt«]y  heat«d  in  contact  with  copper,  direr,  gold,  brsBB,  or  sine, 
poflitive  electricitj  proceeds  from  the  iron  through  the  galranometer  to  the  copper,  ice., 
out  when  the  heat  u  stronger,  from  the  copper,  &c,,  to  the  iron  (Gumming).  The 
rvTfTwl  of  the  dirM;tion  of  the  corrent  tkkea  place  at  n  dull  red  heat^  when  copper 
and  iron  are  the  metela  employed  (fieequeref).  Zinc  and  gold  produce  at  70^  C. 
a  f(!«-ble  current  which  puses  tr^m  the  sine  through  tho  gAlvituometer  to  the  gold ;  at 
150^,  f  hia  current  eefl«m ;  at  180«  an  opposite  current  nets  in,  and  bc«>me«  Tery  strong 
at  Sid**.  On  the  contrary,  with  einc  and  silver  at  a  low  temperature,  poaitive 
electricity  paaaea  from  the  silrer  through  thn  galTanomi-ter  to  the  cine.  Tliia 
current  atfaina  it«  greateet  strength  at  I'Zii'^  C,  diminishes  at  a  higher  temperature, 
eeam^s  at  226'^,  and  ia  reveraed  at  stiU  higher  temperaturea.     ^BecijaereL) 

The  farther  two  metulii  are  fiepnrated  in  the  therrao-eleotric  Benp«,  and  the  higher 
the  temperature  at  the  point  of  junction,  the  atronger  ia  tba  OirMlit ;  but  it  is  alwajs 
■mall  in  quantity  and  of  very  feeble  tension. 

By  combining  a  numWr  of  thermo-electric  poira  into  a  thtmio-tltctric  batttry, 
chain,  or  f/iU;  a  powerful  thermo-electric  current  may  be  obtaineil:  e.  u.  a  numU-r  of 
baxa  of  bismuth  and  antimony,  or  of  pktinam  and  iron,  altemutt^ly  eoldered  togetber 


^ 
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{figM.  402,  403),  and  heat  applied  to  the  first,  third,  fifth,  &c.,  pointa  of  junction,  whilet 
tfa«  sacood,  foortlj,  &c.,  ore  kept  cold.  In  thia  manner  the  thermo-electric  current 
produeea,  not  only  deflection  of  tJhe  oeedle,  but  likewise  chemicml  decompomtion  of 
liquida  (Botto,  Pocg.  Ana.  xxnll.  238),  and  heating  effect*,  io  that  ercn  when  one  of 
the  cunducting  wires  of  the  battery  is  cooled  by  immersion  in  ice,  the  point  of 
iosction  of  that  wire  aitoated  without  the  ice  hecomea  eensibly  warmed  (Wutkina, 
FhiLMag.  [3]  xiv,  83;  alwPogi;.  Ann.  iIvL  497).  Melloni's  Thtrme>-muI(i/Jin;  or 
ThermMcvpf^  u  a  pile  formed  in  this  manner  of  bars  of  bismuth  and  antimony,  and 
connected  with  a  gulvanometer.  The  raya  of  heat  fall  on  the  first,  third,  flf^h,  &&, 
points  of  junction,  whilst  tho  second,  fourth,  ice.,  are  kept  cool.  The  smallest  dif- 
ference of  temperatare  between  the  two  seta  of  junctions  suffices  to  produce  deviation 
of  the  needle. 

b.  With  one  Itftal. —  A  metallic  wire  connect^  with  the  two  ends  of  a  galtano- 
meter  gives  no  electric  current  when  heated  in  the  middle:  hut  when  each  end  of  the 
galTanometer  is  connected  with  a  Ti-ire,  and  the  end  of  one  of  tho  wires  is  heated  and 
then  quifkty  preaaed  on  the  cold  end  of  the  other,  an  electric  current  becomes  mnnifest 
\>j  the  deflection  of  the  needle  of  the  galranometer.  The  direction  and  ntrc>n;:th  of 
this  current  Tury  with  the  nature  of  the  metal  employed.  In  the  so-called  fhtrmo- 
pontim  mitals,  bismuth,  plutinmn,  gold,  silver,  copper,  tin,  lead,  &C.,  the  positive 
electricity  goes  from  the  cold  piece  of  metal  throu>rh  the  gulvanometer  to  the  hot 
piwce;  in  the  thtrmO'negaUve  vtrdif*.  zinc,  iron,  antimony.  &c.,  from  the  hot  to  the 
cold  end.  The  more  one  end  is  heated,  the  stronger  le  the  current  According 
to  Yeltn,  bismuth  produces  the  atrongewt  current  with  a  given  degree  of  heating ;  then 
follows  antimony,  then  sine,  silrer,  platinum,  copper,  brass,  gold,  tin,  and  lastly  lead  ; 
but.  according  to  Nobili.  this  order  is  corrfet  for  eertnin  lerap<Taturps  only. 

A  simple  platinum  wire  connect4-d  with  a  giilvanomeler  also  produce* a  current  when 
heate<t,  if  it  be  tied  in  a  knot  at  one  poijiC  and  hcuted  nenr  the  knot ;  because  the  mnre 
rapid  cooling  through  the  knot  causes  unequid  distribution  of  hent  on  the  two  r«idee; 
the  positive  electricity  proceeds  from  the  knot  through  the  galvanometer  to  the  h<.*ted 
part.  Two  copper  wires  do  not  produce  so  strong  a  current  when  clean  aa  they  do 
when  cov*<red  with  oxide  or  with  a  thin  film  of  suver  or  gold,  Ijecsnse  the  coverinuf 
hinders  the  communication  of  heat  to  the  cold  end.  and  consequently  interferes  with 
ita  uniform  distribution  (Becquerel).  Mercury  is  not  t her mo-eIe?tric,  according  to 
lUttcvcci  and  De  la  Bive ;  vary  »Iiglitly,  ucconUng  to  Peltier. 
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Dbtblophsnt  of  ELScTiuciTr  bt  Csekicai.  AcnoM — Qalvahic  cm 
Voltaic  Elkctkicitt. 

Chemiml  ttciion  is  itlwaya  accoromnied  by  a  dlstorbanoe  of  the  equiliLrium  b«t««ca 
the  molpculea  of*  body,  and  may  tnerdbre  be  i>rp«<!ted  to  give  rine  to  de»'tnc  excite- 
neat.  It  is,  in  fact,  the  moat  powerful  of  all  causes  of  electric  action,  though  it  don 
Dot  appear  to  hu  uo  in  all  eases,  b?eHU»e  tlie  opposite  electricitica  recombiiie,  tor  iht 
moat  part,  nun  fiwt  a»  they  are  (tejwmt^d,  unless  particular  ammgeownta  are  awde  to 
prevent  such  recoraViination.  In  fuc't„  in  this,  as  in  other  mode*  of  develmjmetot;  tfaa 
quantity  of  electricity  which  becomes  uppurent,  generally  forms  bat  a  Biuuil  poftioa  at 
thnt  irhich  is  actiiidly  «t't  free. 

The  development  of  electricity  by  chemical  action  vill  be  coniddered  under  thi 
following  heads : 

1.  Between  a  liquid  and  a  solid. 

2.  Between  two  tiquida. 

3.  Between  a  ^m  and  a  liquid  or  solid. 

4.  By  combustion. 

Of  these  the  first  is  the  most  important,  as  it  is  that  whicb  Itdrms  the  basis  of  the 
ordinary  voltaic  battery. 

1.  Deifdopment  of  E2tctrieitif  by  the  Chemical  action  (^  lAqvidi  on  Soiids. 
Voltaic  Batteht. 

When  a  metallic  capsule  containing  a  conducting  liquid,  vie.  water  or  any  aqneoos 
solution,  is  placed  on  the  cap  of  a  dulieute  condenning  electroscope  (p.  38GX  and  a  piece 
of  another  metal  held  between  the  fingers  ia  immcRjed  in  the  liquid,  without  tooching 
ikt  capsule,  the  leares  of  the  electpo«eope  divei^ge  with  +  E  or  -  E  a^ording  to  th« 
nature  of  the  metahi  and  of  the  liquid  interposed  between  them.  If  the  capsule  i*  of 
plstinnm,  the  electroaoope  shows  that  it  hsu*  tjiken  a  charge  of  +  E,  whutever  ma/ 
be  the  niiture  of  the  liquid  and  of  the  metal  dipped  into  it.  A  copper  capaole  oo 
the  other  hand  becomes  positive  or  netpitive,  according  as  tlie  mefaJ  dipfM?d  info  the 
liquid  is  more  or  leas  attacked  by  that  liquid  than  the  copper  capsule  il«elf.  The 
result  in  all  cases  resolves  itself  into  this,  that  when  a  metal  is  acted  upon  by  a  liquid, 
the  mttal  becomes  charged  with  - E,  the  liquid  with  +  K  Thus,  when  sine  it 
pkinp<Mi  into  water  contained  in  a  platinum  Qipsule,  the  zinc  takes  —E,  which  pasMS 
into  the  ground,  and  the  +  E  taken  up  by  the  water  is  transferred  to  the  capsule  and 
thence  to  the  upper  plate  of  the  condenser;  consequeEtly  the  gold  leaves  connected 
with  the  lowtT  plate  exhibit  a  negative  diarge.  Similarly  with  zinc,  water,  snd  copper. 
IE,  on  the  other  band,  a  piece  of  plutinum  or  gold  ia  plunged  into  nitric  acid  contained 
in  a  copper  capsule,  the  coppr  oecomes  negative  and  the  leaves  of  the  electrosrope 
diverge  with  +  K  If  both  metals  are  attacked  by  the  liquid,  the  charge  of  Uie  con- 
deoser  is  that  which  results  from  the  difference  of  the  Iwo  actions. 

The  effect.H  just  described  are  exactly  the  same  whether  the  metallic  capsule  and 
the  plate  of  the  condeii-ti^r  on  which  it  rests  are  formed  of  the  same  or  of  diflfetent 
metidfl  ;  they  cunnot  thereft^ro  be  dxm^  (is  is  sometimes  supposed,  to  electricity  derelopoi 
by  the  contiict  of  disstrailar  metals;  in  fact,  as  already  observed,  the  kind  of  eledzidtj 
taken  up  by  the  capsule  depends  altngetJirr  on  the  reaction  which  takes  place  betwwg 
the  two  metals  and  the  liquid.  Moreover,  it  has  been  distinctly  shown  by  Do  laBini 
and  othera,  that  contact  of  diBsimUar  metals  is  not  accompanied  by  development  of 
electricity,  unless  one  of  the  metals  is  at  the  same  time  chemically  acted  upon  by  tlM 
moisture  of  the  air,  or  by  some  other  liqtlid.  See  De  1  a  Rive  [iVaiti,  ii.  778-787), 
and  Wiedemann  [Die  Lehrr  vom  Gaivaniamut  und  Electromoffnctismm,  i.  17). 

The  signs  of  electric  tension  exhibited  by  the  arrongements  above  descriljed  m 
feeble,  ev<Mj  when  the  chemicHt  sftion  is  highly  energetic,  snd  rtuquire  i  rnj 
delicate  electroscope  to  render  them  visible.  The  chuhc  of  this  apparent  anomaJr  ii 
thnt,  the  metril  and  the  liquid  which  act  upon  St  being  both  conductors  and  renrnining 
in  contact,  the  greater  part  of  the  opposite  electricifU-s  recombine  as  fast  as  tbey  ars 
separated.  Accordingly,  the  electric  tension  may  be  p^rcatly  increased  by  causing  the 
liquid  to  evaporate  at  the  in?*tunt  that  the  chemical  action  takes  place.  Thus,  when  » 
capsule  of  any  oxidisable  m^tal,  copper,  tine,  or  iron  for  exumple,  is  strongly  heand, 
then  laid  on  the  plate  of  the  electroscope,  and  a  few  drops  of  water  either  pure  or 
elightly  acidulat^'d  poured  into  it.  the  liquid  sttiicks  the  hot  metal  and  vap>oiim>«  st  ths 
aame  time ;  consequently  the  +  E  ia  carried  off'  by  the  vapour  and  cannot  reunite  wHk 
the  —  JE^  which  therefore  passes  into  the  electroscope,  and  produces  a  strong  diveigeoos 
of  the  gold-lenvea,  ev^n  without  the  aid  of  a  condenser.  If  the  quantity  of  water  is- 
troduced  is  too  great  to  be  completely  vaporised,  scarcely  any  divergence  ia  prodnetd. 
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(•CAOM  the  two  electricities  can  then  reuoite,  the  -t-  E  not  being  c«m(><l  off  by  the 
▼Kponr. 

The  derelapmeot  of  electricity  in  this  manner  wu  obeerred  by  Volta  iind  De  Saas> 
■um,  who  aacribcd  it,  not  to  chemical  action,  but  to  the  raporuation  of  the  liquid. 
But  it  is  eaey  to  «hov  that  this  Tiew  is  not  correct :  for  if  a  clean  platinum  cupsuio 
strongly  heated  be  laud  on  the  cap  of  the  eleotroacope,  and  a  few  drops  of  wiiter  or  any 
other  liqoid  which  neither  acts  upon  the  ptatiniun  nor  iii  decompoeeu  by  the  heal,  h« 
thrown  into  it,  no  signs  of  electricity  are  manifent^jd.  It  is  aeeesMry,  how»>Tw,  to 
naa  a  shallow  eapsole  with  the  lip  not  turning  inwards ;  otbcrvrise  eloctricity  may  be 
dereloped  by  the  friction  of  little  globules  of  water  carried  away  by  the  steam  aguinst 
its  sides  (p.  407).  If  the  water  contains  any  salt  in  solution,  electricity  will  be  do- 
Teloped  by  the  sep&ntion  of  the  water  from  the  sal  L 

The  derelopment  of  electricity  by  the  oxidation  of  a  metal  may  likewise  be  shown 
without  the  aid  of  heat.  If  a  smaU  piece  of  potassium  be  spread  on  the  bottom  of  a 
platinum  capsule  connected  with  a  condenaer,  a  drop  of  water  let  fall  on  the  potassium, 
and  the  plate  of  the  condenser  lifted  up  aa  aoon  as  the  bydrogen-flttrae  pnnluced  by 
the  decomposition  of  the  watex  has  ceased,  the  electrorcopo  gives  signs  of  electricity, 
showing  that  the  capsule  has  bt-cn  charged  with  —  J5,  tlie  +  E 
having  been  carried  away  by  the  hTdrogon  and  aqui-oua  Tupour  Fig.  404. 

•Toked. 

The  electricity  dereloped  by  chemical  action  may  be  made  to  ««. 

■how  itsi-lf  in  the  dynamic,  much  more  easily  than  in  the  static 
form.  When  a  plate  of  linc  and  a  plate  of  platinum  are  immersod 
in  dilute  sulphuric  acid  and  connected  outaide  the  liquid  by  a 
wire  {fi^.  404),  a  current  of  electricity  is  immediately  set  up, 
continuing  as  long  as  the  conducting  circuit  is  complete  and  the 
action  of  the  acid  on  the  sine  goes  on.  This  may  be  shown  by 
placing  a  magnetic  needle  near  any  part  of  the  connecting  wire ; 
tJ«e  needle  is  then  deflected,  tending  to  pluce  itaelf  at  right 
angles  to  the  wire;  and  the  position  of  its  poles  shows  thHt  the 
eiurent  of-t-E  passes  from  the  zino  through  the  Uquid  to  the 

CUtinum  and  thence  through  the  wire  to  the  ainc,  as  indicated 
y  the  arrow  in  the  figure,  this  direction  being  in  accordance 
with  the  charing  of  the  condenser  by  an  arrangeinent  of  zlnc^ 
add,  and  platinum  as  before  described  (p.  414). 

The  greater  facility  with  which  the  electrici^  thus  dereloped  shows  itself  in  the 
form  of  a  current  is  enftily  exploined.  The  *E  taken  up  by  the  liquid  and  thence 
transferred  to  the  plutinum,  can  unite  with  the  —E  of  the  zinc  in  two  ways,  eithrr 
through  the  liquid^  or  through  the  connecting  wire,  and  as  the  lutter  possesses  greater 
conducting  power  than  the  liquid,  the  greater  part  of  the  opposite  electricitiea 
recombine  along  the  wire ;  whereas  if  the  one  or  both  of  the  plates  are  insulated,  as 
when  the  arrangement  is  made  to  chai^  an  electroscope,  tl'iey  recombine  through  the 
liquid,  and  ooly  Ttry  small  quantities  show  themselTcs  on  the  plat<-N  in  the  state  of 
tension. 

The  system  of  two  dissimilar  mefal?  immerwd  in  a  liquid  which  acta  on  one  of  them 
11  railed  a  Gaj.ta?jjc  or  Viltatc  Coitplb,  Its  peculiar  powers  were  first  obeerved  by 
GalTani,  who  found  that  the  hind  legs  of  a  frog  touched  in  different  parts  by  a  copper 
and  an  iron  wire  in  contact  with  each  other,  were  thrown  into  convulsions.  Oalvani 
did  not  bowerer  notice  the  necessity  of  huring  two  metals  to  produce  the  effect ;  this 
most  important  point  was  discovered  by  Volta,  who  atlributed  the  effect  to  eli^ctricity 
dov«dop«i  by  the  contact  of  the  diswimikr  metals,  and  by  theoretical  considerations 
founded  thereon,  was  led  to  the  inTenlion  of  the  pile  or  battery  which  bears  bis  name. 
We  now  know  that  the  electricity  in  Galvani's  experiment  was  developed,  not  by  the 
contact  of  the  metuls,  but  by  the  chemiral  netion  of  the  moisture  on  tne  frog's  leg  on 
one  of  the  metals,  viz.  the  iron.  The  neceesity  of  having  two  metals  in  this  or  any 
aimilar  arrangement  is  obvious;  for  if  two  phites  of  the  same  metal  were  immersed  in 
a  liquid,  and  conn**cted  by  a  wire  outside,  they  would  tend  to  produce  equal  and 
opposite  currents,  and  no  electricity  wjuld  be  apparent. 

Of  the  two  metals  in  a  voltaic  couple,  that  which  is  most  attacked  by  the  liouid  is 
exiled  the  positive,  the  other  the  negative  metaL  It  must  bo  remembered,  how- 
eT»'r,  that  it  is  the  inactive  mrtal  from  which  the  tnurent  of  +  B  passes  into  the  con* 
ducting  wire,  and  that  this  metal,  thou^rh  calle<l  n^^ative,  really  corresponds,  in  ita 
relations  to  the  external  conducting  channel,  with  the  positive  conductor  of  the  elec- 
trical machine,  or  the  positive  surfuce  of  a  coated  pLite.  The  term  posit ivp,  as 
applied  to  one  of  the  metals  of  a  oonple,  must  be  understood  as  denc'ting  that  whirh 
determinea  the  direction  of  the  current     The  following  experimeurs  «-iil  show  (bat 
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the  direction  of  the  ctttrrent  is  really  determined  in  this  nnuiner,  and  therefore  tixttt  it 
owes  itH  origin  to  chemiciil  artion : 

Whan  twoplatea,  one  of  cold  and  the  other  of  platinum,  are  connected  with  a  dolieata 
gaiviuiorueter  and  immersed  in  pare  nitric  dcid,  no  current  is  prodoced ;  but  on  adding  a 
drop  of  hydrochloric  add,  a  Btrong  current  in  excitod,  proccecling  firom  the  sold  thioi^i 
thw  liiiuid  towards  the  platinum,  bt»c«u«e  tlie  gold  is  attacked  hy  the  nitro-nydrochloric 
acid,  while  tho  platinum  is  much  Icks  acted  on,  if  at  all  (Dels  Rive).  When  twognld 
vrires  connected  with  the  ends  of  a  ^Ivanomcter  coil  ore  immersed  in  pure  nitric  acid, 
no  current  ia  produced  ;  but  on  adtling  a  small  quantity  of  hydrochloric  acid  to  the 
piut  of  the  liquid  near  one  of  the  wires,  a  current  la  set  ap  from  that  wire  through  the 
liquid  to  the  other  (Becquerel).  In  like  manner  a  conple  formed  of  phitinum  and 
nalladiom,  which  i»  inacttre  in  dilate  sulphuric  aciJ,  becomes  active  on  adding  a  few 
dropa  of  nitric  acid,  which  produces  nn  »clion  ju  the  palladiara  and  w-ndera  it  pooitire; 
iimilarly,  a  couple  of  rhodium  and  pUtioum.  inactire  in  nitric  acid,  become*  actire  on 
addition  of  hydrochloric  acid,  tho  pititinam  bcinp  then  attacked.     (Do  la  Rire.) 

Moreover,  the  direction  of  the  current  in  a  voltaic  couple  is  in  many  cases  remsel 
©n  changing  thp  liquid  in  which  the  metaLi  are  immersed.  Let  a  copper  plate  tn  wira 
be  attached  to  one  end  of  the  coil  of  a  galvanometer,  and  an  iron  plate  or  wire  i 
other  end,  and  the  plates  immprse<l  in  dilnre  sulphuric  ucid;  the  gHlvanometer  i 
will  indicate  a  cnrrent  proceeding  froni  the  iron  through  the  liquid  to  tho  d 
because  the  iron  is  attacked  by  the  acid  and  the  copper  ia  not  Now  let  the  plates'  bo 
ttiken  out  of  tho  acid,  washed  in  water,  and  then  immersed  in  an  aqoeooa  solution  of 
sulphide  of  potassium ;  the  uee<lle  will  immediately  move  the  conti^ry  way,  showing 
that  the  current  it  reversed,  and  that  the  copper  ia  now  the  positivs  metal. 

Mere  dilution  of  tho  liquid  is  aometimes  sufficient  to  reverse  the  current.  Thf 
following  table  contains  two  coltirans  in  which  the  sumo  metals  are  written  one  abor« 
the  other,  in  such  order  that  each  metal  ia  positive,  or  determines  the  direction  of  the 
earrent,  with  all  those  which  precede  it  in  the  same  column,  the  exciting  liquid  beiog 
strong  nitric  acid  for  the  metals  in  the  ftnt  column  aud  dilute  nitric  acid  for  those  in 
tho  second.  It  will  be  seen  that  the  order  of  the  metaln  is  not  the  same  in  the  two 
rolamriH,  but  in  aUnzasea  tho  directioQ  of  the  current  is  determined  by  the  metal  which 
is  most  attacked  :  — 


itn  win 
e  to  t^^ 
-rnec^^H 


Strong  Nitric  Acid, 

Oiidi.^ed  iron 

Silver 

Mercury 

Lead 

Copper 

Iron 

Zinc 

Tin. 


DHute  Nitric  And. 
Silver 
Copper 
Oxidised  inm 
Iron 
Lead 
Mereuty 
Tin 
Zbc. 


The  next  tiible  gives  the  resnlts  of  Faraday's  experiments  with  seTen       

liquids.     It  is  arrari|3;ed  like  the  preoedinc,  each  metiJ  being  positive  with  n^ardl 
all  those  above  it  when  acted  upon  by  the  liquid  at  (he  head  of  the  column.    "OST 
nurabere  in  each  column  indicate  the  order  in  irhich  the  metals  follow  each  other  yrhm 
the  exciting  Liquid  is  a  dilute  acid : 


KKrIe  utit, 
dUiiie. 

Sail  pti  uric 
acid,  diJu^, 

Hydroehlorfc 
Acld. 

Kilfic  acid, 
coticentralcd. 

Sotutlon  ^i 
putJiib. 

Snlph.ie1'»te 
orppU'^iuni. 
colourleik. 

itpoteMia, 
cotovral. 

L.  Sllvpr 
*,  rwppf  r 
a.  Anllitmny 
4,  Bt«tnciil) 
\  NIckfl 
IS.  Iron 
7.  Tin             i 
a.  L««d 
9.  Cfldmlum 
IOl  Zinc 

1.  SII»CT 

7.  Cojiwr       ' 

3.  Aiitlmrtnf 

4.  Bitniuth 
\  Nkkel 

6,  Iron 
e.  Lead 

7.  Tin 

9.  OjidmiuiD 
10.  Zlne 

3.  AntTmonv 
t.  .SilrcT 
h.  Mckel 
t   Biimiith 
1.  Cupper 

6.  (run 
a.  Lrad 

7.  Tin 

9.  Cadmiuin 
10.  Zirtc 

f>.  NfrkH 
1.  SilTcr 
3.  Antimony 
'i.  Co|*|>Er 
*.  Bt.mqth 
G.  Iron 
7,  Tin 
S  Le^d 
ID.  Ziuc 
9.  CAdmlura 

1.  Silver 
r>,  Slckel 
H,  Coptter 
6.  froJi 
4.  ninmuth 
M,  I.«.id 
3.  .\n1lrnm17 
9.  Cadjvluni 
7.T1D 
la  Zloc 

a.  Iron 
■•>.  M  kf! 
1.  BUmitth 
H    L««d 
1.  Silv.  r 
3.  Antlmonr 
7.  Tiu 
3.  Coftper 
in.  Zmc 
9.  Cadmium 

&lraa 

».  Ni«k«t 

4.  Bitwotb 

5.  AotlmnT 
«.  I>.«l 

1.  SJl»«r 
7.  Tin 
9.  Cadattm 
S.  C^p<r 
10.  line 

The  unrsrying  rflation  between  the  direction  of  the  corvent  and  the  relative  fows 
of  the  action  cjcerted  by  the  liquid  on  the  two  metals  j«  quite  sufficient  to  show  th*! 
chemical  action,  and  not  rontact  of  dissimilur  metals,  is  the  source  of  the  elerine 
excitement     A  further  and  convincing  proof  of  this  statement  is  however  aflbnl^-i  hj 
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tb«-ftet,  thftt  a  eairent  capable  of  prodacing^  electrolytic  deeompontion  mny  be  ob> 
tainad  without  any  metallic  ooatact  Tim  ii  Bliown  by  tbe  folloiring  anungement 
C/V.406),  duTined  by  Fanwiay.    A  plat*  of 

pbtiDiun,  b,  and  a  plate  of  sine,  a,  beat  liori-       Pig.  405.  Fig.  406. 

aontally  in  the  upp^  part,  are  immened  in  ^ 

water  acidulated  with  ralpburic  acid ;  a  piece 
of  fiitfring  paper  moistened  with  iodid<?  of  pn- 
taaaium  solution  ia  laid  on  tbe  sine  at  x,  and 
ft  platiDum  wire  attached  to  the  plate  b  is 
bronght  down  to  the  upper  anriucB  of  the 
moiiiened  paper  without  touckinff  tke  rinc. 
Immediately  a  brown  spot  of  iodine  shows 
itaelf  on  the  upper  surface  of  the  paper  at  x, 
while  the  lower  aurface  remain*  uncoloured, 
ahowing  that  the  iodine  i<  separated  at  tbe  ex- 
tremity of  the  conductor  from  wliich  the  +  K 
enters  the  solution,  juirt  aa  in  thp  de-oompoaition 
«^fe«t«d  hy  the  current  of  the  electncal  machine  (p.  397).  Here  then  we  hare  addi- 
tional evidence  of  a  current  is  which  the  -f  E  passes  ftnm.  the  zinc  throttgh  the  wire 
to  the  platinum,  and  then  round  tbe  external  conductors  ta  the  tone.  If  the  arrango- 
ment  be  somewhat  modifled  so  as  to  introduce  a  g«lvanometer,  aa  at  ^  {fig.  406),  the 
deflection  of  the  needle  will  indicate  the  Bame  direction  of  the  current.  The  effects  are 
the  same  when  a  solution  of  potash  is  Buhatituted  for  the  dilute  acid  as  the  exciting 
llaid. 

The  strength  of  the  current  in  the.*e  and  all  other  voltaic  circuits,  depends  partly  on 
the  exciting  or  "  electromotive  '*  force,  resulting  from  the  action  of  the  liquid  on  the 
«inc  or  other  metal  of  the  couple,  partly  on  the  resiirtance  which  tlie  nirr«'nt  meets 
with  in  the  different  parta  of  the  cuVrait.  In  the  particular  arrangements  now  undof 
conjiidcmtion,  in  which  the  resistance  offered,  by  the  conducting  wire  and  other  nietallid 
parta  of  the  circuit,  is  constant,  the  force  of  the  current  depends  upon  the  relation  be- 
tween the  electromotive  force  of  the  coupl«>,  and  the  resistance  of  the  solution  at  r  which 
is  decomposed  by  the  canvnt  If  the  alRnity  between  the  elements  of  this  liquid— ths 
"  electrolyte" — ia  too  great  to  be  overcome  by  the  electromotive  force  of  the  couplev 
the  current  is  arrested  and  the  galvanometer  needle  returns  to  its  natural  position. 
Different  electrolytes  offer  very  different  degrees  of  resistance  to  dfcompOKitioDj  and 
consequently  some  are  decomposed  by  a  given  eleatromotive  force,  while  others  are 
not :  thus  a  cotiple  composed  of  zinc,  dilute  acid  and  platinum  will  decompose  solution 
of  iodide  of  ptitassium  and  fused  chloride  of  sib-er,  but  not  acidulated  water.  Hydro- 
chloric acid,  fused  nitrate  of  silver,  or  fused  iodide  or  chloride  of  lead  likewise  resist 
the  electromotive  force  of  the  same  couple,  with  dilute  sulphuric  acid  as  the  exciting 
b'qaid.  but  are  decomposed  on  adding  a  small  quaudtj  of  nitric  acid  to  this  Uquid^ 
which  increases  its  chemical  action  on  the  zinc. 

The  foUowing  table  contains  the  rettults  of  a  number  of  experiments  by  Faraday  on 
the  power  of  different  voltaic  couples  in  decomposing  various  electrolytes.  Each  hori- 
rental  line  of  this  table  contains  the  names  of  the  four  BMbBtances  comprised  in  a  dr* 
cuit ;  the  last  column  exhibits  the  comparative  strength  of  the  current,  as  indicated  bjr 
the  galvanometer :  — 


1 

1 

A«tl«a 
■wtal. 

Exeltine  llquti). 

lnactit« 
mrtitl. 

EIretroljrte  di«oinpot«il. 

Cb«r»rtrf  f^ 

rufrent. 

Iron 

CKlats  nitric  acid 
»%               1* 

Platinum 

Sulphide  of  potii-saium 
Rea  nitric  acid  . 

Full  ctliTenf 

1 

n                     t»                ■ 

tt 

Pale  strong  nitric  acid 

Good 

II                      «• 

•1 

Green  nitrous  acid     . 

Very  strong 

M 

Iodide  of  potaaaium    . 

Dilute  sulphuric  acid 

II 

Sulphide  of  potiiBsium 
Red  nitric  acid  . 

11 

»i                          r» 

>» 

OooH 

n                ' 

Hydrochloric  acid 

II 

Green  nitrous  acid     , 

Very  strong 

M                  • 

„           dilute    . 

II 

Red  nitric  acid  .         . 

Good 

»t                • 

_  H                                 »I                 • 

II 

8ulphide  of  pota^'tiufn 

,, 

If                • 

Solution  of  common  salt 

tl 

Green  nitrous  acid 

Very  strong 

n              • 

Ordinary  water . 

n 

n                     i>                * 

Good 

Zind 

Dilute  nitric  acid 

n 

Iodide  of  [v^taasium    . 

M 

*•                   • 

Etydrrichioric  acid 

If                 1* 

H 

ToL.IL 
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net«l. 

BxdHng  tlqatd. 

Iiiaetlva 

pi  (Hill. 

B)ectrol)rta  dMompoi«d 

Charaetrr  ot 
cisrr«iit. 

Cadmium 

Dilntfl  nitric  acid 

Platinum 

Iodide  of  potassium    , 

Qo..d 

«i 

Hj'drocliloric  acid 
Dilut*  nitric  acid 

11 

IV                                         II                              • 

•• 

Lead       . 

ir 

II                       II                 • 

it 

If                   • 

Hvdroi^hloric  aoid 

|i 

n                   II 

It 

Copper    . 

DiJuto  nitric  acid 

)• 

II                    II               • 

• 

Hydrochloric  acid 

It 

Lead       . 
Tin 
Ckipper    . 

Strong  sulphuric  acid 

Iron 

Platinum 
II 

Bilut«  sulphuric  acid  . 

Strong 

Sulphide  of  potasaiam 

■I               II 
DiJute  nitric  acid 

II 

»         * 

•1                     II 

If 

Iodid«  of  potAssium    . 

,, 

^^         » 

Strong  nitric  acid 

Iron 
II 

Dilntfi  witric  acid 
I<xli4i3  of  potaanium    . 

Very  strong 

Silver      ]  ' 

ri                        »• 

It          ' 

Dilute  nitric  acid 

Strong 

»<          • 

II                        II               ■ 

II          • 

Iodide  of  pr>t.iisi(iiani    . 

Good 

Salphide  of  potassium 

II         • 

Dilute  nitric  acid 

Strong 

Tin         ! 

Strong  stdphuric  acid 

Copper  . 

Dilute  aulphuric  acid  . 

•1 

The  liqnid  which  um'tea  tho  two  raetalfl  of  the  voltaic  couple  likewise  sufTcPB  dccotn- 
pesitioa  daring  thft  whole  time  that  the  cmrrent  is  passing,  and  tts  elements  ara 
tTanfrferred  in  opposite  directiona,  one  to  the  active  the  other  to  the  inactive  metal. 
In  fact,  the  existing  liquid  is  itself  an  electrolyte,  and  it  ia  only  a  liqaid  capable  of 
decomposing  in  fhi?  way  thut  can  act  as  the  exciter  of  a  voltaic  couple,  the  decomposi> 
tion  which  it  underjfoea  hping  exactly  fliiailar  to  that  which  the  current  prodnres  ia 
auy  otlit-r  electrolyte  tliroii^li  whith  it  pusses;  in  the  one  part  of  the  circuit  as  in  tLc 
Other,  r>ne  set  of  ek^nitinte,  the  electro-negative  or  chlorous  elements.  CI,  Br,  I, 
O,  8,  SO*,  NO*,  &c,  are  transferred  in  the  direction  of  the  current  of  —E,  and  the 
others,  the  electro-positive  orhasylouB  element*,  viz.  hydrogen  and  the  metali, 
in  the  direction  of  the  current  of  +  E  (pp.  397.  132) 

In  all  the  combinations  mentioned  lo  the  preceding  table,  it  will  be  found  that, 
during  all  the  time  the  current  is  pns«<ing,  hydrogen  ia  continually  evolved  from  the 
litjoid  ia  tlie  acting  cell,  at  the  suriW^e  of  the  inactive  or  negative  metal,  lui'l  Jt 
the  same  time  the  zinc  or  other  active  metal  unites  with  chlorine,  sulphur,  SO*, 
NO",  &c.,  according  to  the  nature  of  the  exciting  hqutd.  and  dissolvea.  No  evi- 
dence of  commotion  or  action  of  any  kind  can  be  detected  in  any  part  of  the 
liquid,  excepting  at  the  eurftice  of  the  metallic  plates:  bot  as  one  of  the  element* 
is  being  continually  transferred  to  the  active  and  the  other  to  the  inactive  metaJ,  it  I* 
clear  that  ft  continued  movement  and  shifting  of  particles  must  be  going  on.  Tho 
Oiiture  of  this  movement  we  have  now  to  examine;  but  first  it  mu^t  V<e  ob*«-r?e'l 
that  t!ie  active  metal  of  a  voltaic  couple  is  usually  subject  to  two  kinds  of  ac- 
tion, one  of  which  is  essentially  connected  with  the  formation  of  a  current,  while  the 
other  ia  independent  of  it. 

When  a  piece  of  oniinary  commercial  «inc  is  immersed  in  dilute  sulphuric  or  hydro- 
chloric acid,  it  immediately  begins  to  dissolve  and  hydrogen  is  evolve*!  npon  its  whotf 
■nrfjie(\  Now  let  a  plate  of  platinum  or  copper  be  immersed  in  the  same  liquid,  and 
•ifher  brought  m  direct  contiiot  with  the  zme  umler  the  liquid,  or  connected  with  it 
by  a  wiri»;  immediately  the  greater  part  of  the  hydrogen  is  evolved  at  the  suifu»  of 
the  latter  metal,  although  this  metal  mideigoes  no  chRnge,  and  the  sine  diaaolrM 
faster  th.m  before. 

The  eflet't  of  tli*'  inactive  metal  is  still  more  striking  when  pure  rinc,  freed  from 
forei|in  metals  by  redi-ililluiinn.  is  tmeil.  A  pbitp  of  this  pure  zinc  immersed  in  dilat« 
acid  ri'mfiins  quite  inactive,  nn  ^as  Wing  evolved  at  its  ^nrfin'e ;  but  as  soon  as  apUt«^of 
coppe?  or  phitinum  is  brought  in  contact  with  it,  a  brisk  action  is  set  op.  the  sine  di« 
aolres,  and  hydrogen  is  evolved  from  the  surface  of  the  copper  or  platinum.  It  woulil 
appear  from  this  that  the  estibUshment  of  an  electric  current  is  an  essential  conditu>o 
to  the  solution  of  theeinc.  When  the  Einc  contains  foreign  metals,  such  aa  iron.  le«d, 
&C..  these  metnis  act  jumI  like  an  immersed  plate  of  eoppar  or  platinum.  esftAblialaag 
local  currents  within  the  liquid ;  and  after  the  action  has  gone  on  for  som«>  tim^  theas 
metals,  eap<>ciftlly  the  h'tul,  are  seen  to  sppurute  from  tlie  surface  in  filaments.  "Wbea. 
therefore,  impure  einc  (or  other  m»tal)  i.s  \i»ed  to  form  the  active  metal  of  a  volLtie 
Cf'iiplij,  two  kinds  of  action  take  place  together,  the  solution  of  one  part  of  tb«  line 
being  I'ssentially  n-lated  to  the  current  which  is  efitablished  between  the  elemaats  of 
tb«  coaple,  and  Ibat  of  the  rest  depending  on  the  so-callad  hoal  achon,  due  to  tiie 
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pmenee  of  the  foreign  metalg  in  the  sine  On  mjikin^  the  connection  li«tirp«n  the 
two  metals,  th«  local  action  on  the  zinc  is  gre*tly  diminished  in  amount,  but  doea  not 
ccaee  altogether.  Hence  it  foUoTs  that  pore  sine  ia  more  adrantageouM  for  tue  in  a 
Toltaic  conpie  than  the  impure  metal,  because  a  certain  portion  of  the  latter  always 
diaaolTes  without  contributing  to  the  production  of  the  electric  current. 

OrdinaiT  zinc  may,  however,  be  made  to  act  with  iwrida  in  exactly  the  aame  manner 
aa  distilled  zinc,  by  amalgamating  it«  surface  with  mcrcmy.  Thia  ia  ennily  done  by 
rubbing  the  surface  with  a  rag  dipped  in  dilut*-  sulphuric  acid,  and  at  the  same  time 
spreading  the  mercury  over  tL  The  zinc  then  become*  uniformly  amalgamated,  not  only 
on  ita  aurface,  but  right  through,  unleaa  the  plate  is  very  thick.  A  plate  of  zinc  tlius 
Mnalgamated  ahowa  no  signs  of  action  when  simply  immersed  in  dilute  acid  ;  but  on 
connecting  it  with  a  plate  of  copper  or  platinam,  as  abore,  bydrt^tg*'!!  is  ^ri<)kly  evolved 
fttnn  the  aurfiwe  of  the  latter  metal,  and  the  zinc  dissolves.  The  mercury  appears  to 
act,  partly  by  rendering  the  surfacx  uniform,  und  removing  the  metallic  impurities  on 
which  the  local  action  depends,  partly  in  a  manner  to  be  presently  noticed  (p.  420). 

Jluofy  of  the  VoUaiC  Couple, — The  remarkable  fact  that  a  piece  of  jjure  txnn  or  of 
anulgsmated  zinc  exerts  no  decomposing  action  on  water  or  dilute  acids  when  alone, 
but  acta  immediately  on  being  connecuS  with  another  metal  not  itself  acted  upon  by 
the  liquid,  seems  at  first  sight  to  favour  the  suppoation  that  the  acdoo  begins  at  the 
surface  of  contact  of  the  two  mrttils,  and  is  esseattally  dependent  upon  that  contact. 
The  eflpct  is,  however,  exactly  the  same  when  no  actual  metallic  contact  takes  place, 
as  when  the  conducting  circuit  is  completed  by  the  intervention  of  an  electrolyte 
(p.  417)  The  xinc  then  dissolves,  and  hydrc^n  is  evolved  at  the  sarfsceof  the 
platinum  as  long  as  the  curreat  passes,  but  no  longer. 

Now  we  have  seen  (p.  404)  that  an  electric  current  may  be  regarded  as  &  saccession 
of  charges  and  discharges  taking  place  throughout  a  series  of  polarised  molecules ; 
accordingly,  the  state  of  things  in  the  voltaic  couple  may  be  represented  as  fi>Uowa : 
Suppose  a  plate  of  pure  xinc,  Z  {Jig.  407),  to  be  immeraea  in  hyorochloric  acid.  Wa 
may  suppose  that  ita  jHirticlea 
polarise  those  of  the  ncid  which 
are  in  contact  with  them,  in  the 
shown  in  the  figure,  the 
of  chlorine  becoming  nega- 
tive and  turning  towamb  me 
snrfaoe  of  the  zinc,  which  becomes 
positive,  while  the  atoms  of  hy- 
drogen become  positive  and  turn 
the  contrary  way.  These  mole- 
cules then  polanse  the  next  in  a 
similar  manner,  these  the  next, 
and  so  on.  At  the  same  time  the 
atoms  of  the  tine  itself  become 
oppositely  polarised,  each  turning 
ita  positive  pole  towards  the 
liquid,  and  its  negative  pole  the 
other  way ;  or  probably  the  two  elementary  atoms  in  each  molecule  of  the  rinc  (i.  187) 
MX*  thrown  int«  opposite  electrical  states. 

When  a  plate  of  an  inactive  metal,  such  asplatLnunk,  iu  introduced  into  the  same 
liquid  as  at  P  {Jig.  „.     . 

408),    it«    particlTa  ^V*  *^*" 

become  polarist-d  in 
like  manner  by  the 
influence  of  the  al- 
ready polarised  mole- 
cules of  the  liquid, 
taming  their  nega- 
tive poles  towards 
tho  liquid  and  their 
positive  Po\m  out- 
wards. This  state 
of  tension  continues 
till  one  of  thepLites, 
•ay  Z,  is  connect.^d 
with  the  earth.  The 
negative    electricity 

is  then  dischitrged,  sod  on  connecting  P  with  a  condensing  electroscope,  the  MEAenet 
itsell     At  the  same  time,  the  chlorine  of  the  moleci'le  of  acid  in  itoutact  with  the  nne 
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bnitee  with  it,  their  opposite  electricities  being  thereby  neatraliued ;  the  hydrogen  of  the 
fiiHt  particle  of  add  unites  with  the  chlorine  of  the  seooud,  the  hydrogen  of  thie  with 
the  eUorine  of  the  third,  and  so  on,   till  the  hydrogen  is 
Flff.  409.  contact  with  the  inactive  metal  P,  finding  no  chlorine  to  anitc 

with  it,  ia  either  set  free,  or  more  frequently,  ae  the  artion  ta 
thia  state  of  tension  of  the  couple  ie  Tery  »low,  remains  attached 
to  the  surface  of  the  platinuiu  plate .»  This  action  goea  on  Ctif 
till  the  tennion  of  the  charge  on  the  insulated  plate  b«eoniM 
strong  enough  to  cause  the  two  electricities  to  recombina 
arrooa  the  liquid ;  and  as  the  whole  arraageinent  eonaiti* 
of  conducting materialH,  the  tension  thus  attained  mast  oeo(9> 
earily  be  very  low,  and  accordinply,  the  amount  of  eheiaical 
•A'tion  which  takra  place  is  but  slight ;  but  on  connecting  the 
two  plates  by  a  wire  or  other  gpod  conductor,  the  particj**  of 
that  conductor  also  become  polarised,  a  regular  serie*  of  chjUTei>* 
and  discharges  taking  place  along  it,  as  well  as  in  the  two  metala, 
Z,  P,  and  the  intervening  liquid.  Tbe  action, therefore,  becomes 
continuous,  tho  atoms  of  chlorine  being  transferred  towards 
the  sine  and  those  of  the  hydrogen  in  the  opposite  directian  to 
the  phttinum,  where  they  e«cape. 

A  precisely  similar  expla&ution  will  apply  to  erery  ease 
of  the  development  of  electricity  by  a  combination  of  two 
metals  and  a  liqiiid  which  acts  cliemicully  on  one  of  thno. 
The  liquid  must  bo  an  electrolyte,  that  is,  a  compound  whost 
dementa   can   be    transferred    in    opposite    directiona,    like 

those  of  the  hydrochloric   add,  e.  p.    WO,  H'SO*.   HNO» 
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[     CuQ',  CuSOV  PbP,K»S,  &c    The  liquid  state  i«  efidentlj 
essential  to  the  molecular  tninsforence. 

Tbe  local  action  which  takes  place  when  eine  containing 
foreign  metids  is  immersed  in  an  acid,  may  be  explained  thus. 
Suppose  Z  {fi</.  400)  to  be  a  plate  of  dnc,  with  here  aad 
there  a  particle  of  iron,  F,  on  its  surface.  Local  currents  will 
then  be  established  between  different  parts  of  the  surface, 
the  cine  forming  the  active,  and  the  iron  the  inactiTa  metal, 
and  between  them  polar  chains  of  molecules  will  bo  formed,  just  a*  when  a  plata  of 
another  metal  is  placed  in  connection  with  the  zinc 

Th*"  efft'ct  of  auiiilgwaating  the  zinc  is  partly,  as  already  obserred,  lo  remore  th« 
foreign  metals,  partly,  also,  to  enable  the  atoms  of  the  uinc  to  polarise  more  r^nlarly :  for 
in  a  molecule  of  the  amalgun,  ZnDg.  the  atoms  of  zinc  and  mervury  take  up  the  opposite 
polar  states  more  easily  than  the  two  atoms  of  zinc  in  a  eomponnd  molecal*  of  the 
metal,  ZnZn ;  and  moreOTer,  the  semi-fluid  condition  of  the  amalgam  enables  the  mole- 
cules to  turn  their  poles  easily  in  the  direction  which  the  polsiriaing  action  tends  ta 
give  fJiem.  Thp  arr.ingement  of  a  series  of  molecules  of  amalgamated  sine,  hydr»- 
ehloric  acid,  and  pliitinum  may  be  thus  represented: 

UgZa    HgZn    OH    CI  H    Ci  H    Pt  Ft    PtPt 

Tbe  precipitation  of  one  metal  from  its  solution  by  another,  as  of  copper  bj^  iron, 
lead  by  ainc,  silver  by  mercurjr,  &c.,  affords  on  example  of  a  simple  Toltaic  circuit 
When  a,  pu^a  of  common  sine  is  immersed  in  a  wlution  of  acetate  of  lead,  local  cutreott 
are  set  np  in  the  maooer  just  explaiiKKl,  and  the  effect  of  such  ii  current  paauag 
through  tbe  Bolution,  is  to  precipitate  a  piirticlc  of  l''ad  on  a  point  of  the  surface  of  tin 
sine,  where  a  particle  of  any  foreign  metid.  fiuch  a^  lead  or  iron,  happens  to  be  situated; 
tlie  leud  thus  deposited  forms  a  more  distinct  inactive  or  ne^jative  metal,  and  thus  ta 
increaaed  electrolytic  action  is  set  up,  more  lead  being  precipitated  on  the  surface  of  tbe 
first  portion  ;  and  in  thia  manner  fn.'sh  particles  of  lead  continually  attadi  them8elT<.-« 
to  those  previously  deposited,  theprecipitiitotl  metal  taking  the  weU-known  arborescent 
form  culled  the  lead-tree,  or  Arb&r  Siaturni.  Similarly,  when  iron  is  immersed  is  a 
solution  of  capper,  there  are  always  a  tew  oxidised  pointa,  or  small  partides  of  earhoo, 
on  certain  points  of  tbe  surface,  which  favour  the  formation  of  local  currents,  and  thereby 
determine  the  precipitHtion  of  the  copper.  The  prectpttatioQ  is  of  oourse  grcath- 
facilitated  in  tbe  flwt  inattince  by  bringfjig  the  pfecipiuting  metal  in  contact  with 

•  When  >  pUtimim  plate  whicli  hai  thni  bpfn  a»*d.  J»  pUced  In  acidulated  wat^r.  Itifetber  witb  i 
eie*n  u)>tlniim  ptjate  1ri  )U  ordlnarj  trAl<\  and  the  two  eonneclPi)  wHh  a  )(al*iinonneC«r,  the  n#*4le  loM- 
C»l<'t  tln!«f»i»l<-oc«  of  ji  current  in  which  ibc  flrtt  pl»t«  of  pUtlnuni  it  ihe  j»c:ii»e  inrial.  ThUrStn  i| 
Sim  l*>  tbe  lilm  iir  ivydrugen  adberJnf  to  li,  which  in  fact  iBMkei  it  Mt  like  a  iilatc  ul  linc.    cDe  U  Rik4 
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anner  many  raotAllic  paw- 
ripitafionn  may  hv  effected,  whicli  would  not  otherwiBe  t»ke  plac6.  Tbiin,  silver  does 
not  of  itself  precipitate  copper;  but  on  touching  the  silrer  under  the  liquid  with  i»  piec« 
of  iron,  a  current  in  inimediat'cty  established  ia  which  the  iron  fomu  the  positive,  snd 
the  silver  the  negative  metal,  and  the  copper  is  then  precipitated  on  the  silver. 

The  protection  of  one  metal  from  the  action  of  a  liquid  by  bringing  it  in  contact 
with  another,  is  also  a  case  of  the  formation  of  a  simple  voltaic  circuit;  soch  was  tha 
method  propo»rd  by  Davy  for  protecting  the  copper  sheathing  of  ships  by  attaching  to 
it  pieces  of  ii  more  oxidable  metal,  such  as  xioc.  The  zinc  then  formed  the  poeitivo 
and  the  copper  the  negative  metal,  and  oonseqaently  the  oxygen  and  chlorine  of  the 
M*-wmt«r  wer«  directed  to  the  sine,  inataad  of  to  tbe  copper.  The  galvaniBing  of  iron 
by  uniting  it  with  zine  ia  another  example  of  tbis  mode  of  action.  On  the  other  hand, 
the  corrosion  of  a  metal  by  the  action  of  air  and  water  is  Mmctimes  accelerated  by 
OODtact  with  another  leaa  oiidable  than  itself;  thus  iron  railiiigB  are  often  found 
aveh  eoTTodcd  near  tlieir  lower  cndji,  where  the  iroa  ia  in  contact  with  the  lead  which 
hm  bMD  ran  in  to  fix  it  in  the  stone. 

When  the  liquid  in  a  voltaic  combination  acta  in  a  similar  manner  on  both  the 
metals,  f.ff,  when  sine  and  copper  are  immersed  in  nitno  acid,  the  electric  t-ension  and 
nurent  produced  are  such  as  result  from  the  difTcrence  of  the  polariatog  actious  exertM 
by  the  two  metals  on  the  liquid  ;  if  these  actions  are  equal,  as  when  two  platea  of  the 
same  metal  are  immersed  in  an  acid,  no  current  is  produced.  If,  on  the  other  hand, 
one  of  the  metiila  or  other  conductors  has  an  affinity  for  the  positive  element  of  the 
electrolyte,  i.e.  tot  the  hydrc^n  if  the  electzotyte  is  an  add,  while  the  other  tends  to 
unite  with  the  negative  element  of  the  electrolyte,  it  is  easy  tt  ."eethat  the  molecules  of 
the  electrolyte  will  be  nolarised  bv  the  sum  of  these  two  forces,  and  thus  a  much 
stronger  cnrrent  or  a  higher  electric  tension  will  be  produced.  Such  a  combination 
may  be  formed  by  zinc,  sddulated  water,  and  a  plate  of  platinum  covered  with 
peroxide  of  lead ;  here  the  negative  element  of  the  acid  (CI  or  SO*)  tends  to  unite 
with  the  ainc,  and  the  oxygen  of  the  peroxide  with  the  bydwgen  of  the  aoid,  and  the 
polariaatioa  may  be  thus  represented : 


^Za  CIH   CIH 


CIH 


0(PbO) 


PtPit, 


This  combination  charges  the  condenser  and  deflects  the  galvanometer  much  more 
strongly  than  the  ordinary  combination  of  dnc,  acid,  and  pUitinum.  A  convenient 
way  of  forming  it  ia  to  p»ok  a  qtiantity  of  the  dry  flnelv  powdered  peroxide  into  a 
rectangular  ceU  of  porous  enrthenware  (each  aa  those  used  for  Grove  s  battery),  in- 
troduce a  thin  pkte  of  platinum  huring  a  wire  soldered  to  it  into  the  middle  of  this 
cell,  BO  that  it  may  be  completely  enveloped  by  the  peroxide,  and  immerse  the  porous 
c«ll  Ibos  filled,  together  with  a  plate  of  amalgamated  zinc,  in  an  acid  or  saline  Aoln- 
tion.  On  eoniiecting  the  einc  and  platinum  plates  with  two  platinam  wires  terminat- 
ing in  acidulated  water,  the  water  is  quickly  decomposed,  an  effect  which  would  not 
be  produced  by  a  single  couple  of  sine  and  platinwn  without  the  peroxide.  The  only 
use  of  the  platinum  in  this  arrangement  is  to  act  as  a  conductor.  The  strength  of  the 
current  rapidly  diminishes,  however,  chiefly  in  consequence  of  the  reduction  of  the 
peroxide  of  lead  to  protoxide.  Peroxide  of  manganese  produces  the  same  effect  as 
peroxide  of  lead,  but  less  strongly,  and  with  even  mare  ranid  dimination.  A  simitar 
eflciet,  but  also  less  powerfy  than  that  with  peroxide  of  lead,  is  produced  when  the 
porotti  cell  li  filled  with  strong  nitric  acid  and  a  platinum  pLtle  is  immersed  in  it.  In 
this,  wbMl  it  Grove's  combination,  the  polarisation  reanlking  from  the  affinity  of  the 
sine  tot  the  chlorine  or  othvr  negntive  element  of  the  acid  is  intensified  by  that  of  the 

eztamal  atom  of  oxygen  in  the  molecule  0(NO*H)  for  the  hydrogen. 

The  tendency  of  the  peroxides  of  lead  and  manganese  to  deoridiition,  by  taking  up 
the  hydrogen  orf  water  or  acids,  ia  so  strong,  thatvei^  distinct  indirations  of  electric 
action  are  obtained,  either  in  the  state  of  tuuiioti  or  in  the  form  of  a  current,  on  im- 
mersing in  water  a  plate  of  platinam,  and  peroxide  of  li^ad  or  manganese,  either  in 
lump  or  in  fine  powder,  spread  upon  nnothor  plate  of  jilatinum.  Tbeuncorered  plate  of 
platinum  then  yields— £  to  the  condenser,  the  peroxide  at  the  same  time  yielding  ■♦•  £". 
On  connecting  the  two  plates  with  a  galvanometer,  the  current  of  +  /?  pasges  from  the 
cover*-*!  plate  through  the  coil  to  the  uncovered  plate;  bat  the  current  has  not  suffi- 
cient tension  to  pass  through  water.  The  addition  of  an  acid,  especially  hydrochloric 
acid,  to  the  liquid,  grfatly  increases  the  force  of  the  current-,  by  facilitating  the  oxida- 
tion. A  platinum  wire  covered  with  peroxide  of  lead  and  a  gold  wire,  imiiifrsi-d  in  hydro' 
dtlorie  acid,  yield  a  powerful  eorrent,  proceeding  from  the  covered  platinum  externally 
to  the  gold,  thf  latter  metal  diseotring  at  the  same  time  as  chloride^  8imikr  combina- 
tioas  with  chromate  of  potassiuiu,  instead  of  the  peroxide,  yield  very  strong  cumuits. 
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the  chrotnio  acid  bdng  reduced  to  chronuc  oxide.  A  copptst  phito  mddiwd  on  tht 
surface  forms  vith  zinc  and  dilute  solphario  acid  a  moze  powezfiu  emruit  khan  a  plate 
of  clean  copper. 

ConapQaafl  Voltalo  Ctronlt.  Voltaio  VU«  or  Battery*  TIm  electric  tevmtm 
produced  by  a  ningle  Toltaic  couple  is  very  small,  because  the  opposite  eleetndtin  can 
easily  recombine  through  the  medium  of  the  liquid.  ItmaVi  however,  be  iocrrased  by 
anitiug  a  number  of  such  couples  t<^ether  in  regular  order,  tbenesatiTe  metal  of  the  flnt 
being  coiinect«xl  metallically  with  the  positire  of  the  second;  and  so  on  throo^ont  the 
■eriry.  To  understand  how  this  increase  of  tension  is  attained,  oooaider  two  coaplci 
of  zinc,  water,  and  platinum,  connected  in  the  manner  just  deflczibed  (J^.  410^   U 

Fig.  410. 
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the  second  couple  were  inactive,  the  particles  of  the  zinc,  water,  and  pVtfimm  vUA 
compose  it  would  bo  polarised  to  a  certain  degree  of  tension  b^  the  inflneno  of  tU 
first ;  but,  besides  receiving  this  degree  of  chaige,  they  likewise  become  poUrised  ii 
the  same  direction,  and  to  an  equal  degree,  by  the  chemical  action  of  the  zinc  ud 
water  in  the  second  cell.  These  two  actions,  therefore,  assist  each  other,  and  tbr 
resulting  intensity  in  the  second  couple  is  twice  as  great  as  it  would  be  if  that  coaple 
were  disconnected  from  the  first.  The  polarisation  of  the  second  couple  is  also  tnii»- 
mitted  to  the  first,  so  that  both  couples  hare  their  electromotive  force  doubled,  h 
like  manner,  the  addition  of  a  third  couple  will  treble  the  electromotive  force ;  andn 
for  any  number. 

Hence  when  the  opposite  extremities  or  poles  of  an  insulated  voltaic  circuit  cos- 
posed  of  a  large  number  of  couples  are  connected,  each  with  an  electroscope,  the  kani 
of  the  two  electroscopes  diverge  with  opposite  electricities.  Moreover,  by  testing  tbe 
different  parts  of  such  a  series  with  an  electrometer,  it  is  found  that  when  the  whole 
is  insuLited,  the  tension  of  the  opposite  electricities  is  greatest  at  tibe  two  poles,  and 
goes  on  continually  diminishing  towards  the  middle,  where  it  is-nothing.  Now  the 
electric  tension  of  the  different  parts  of  the  series  cannot  proceed  from  the  iote^ 
mediate  couples,  because  the  opposite  electricities  of  each  pur  of  zinc  and  platinnm 
plates  neutralise  each  other;  it  proceeds,  therefore,  from  the  op|)0«ite  eleetzieitiM 
accumulated  at  the  extremities  or  poles,  which  are  constantly  tending  to  icnnite,  aad 
are  constantly  renewed  by  the  chemical  action.  On  oonnectine  one  pole  with  the 
ground,  and  thereby  discharging  one  kind  of  electricity,  the  tension  of  the  othor  pals 
is  increased. 

The  electric  tension  exhibited  by  the  poles  of  a  voltaic  battery  depends  in  a  grest 
measure  on  the  nature  of  the  liquid  with  which  the  cells  are  filled.  The  grestMt 
possible  tension  would  be  obtained  by  an  arrangement  which  should  unite  great  else- 
tromotive  (xiwer  with  imperfect  conduction.  Generally,  however,  the  condnctiiig  poeor 
of  a  liquid  increases  with  its  power  of  acting  chemically  on  the  zinc. 

The  battery,  whether  charged  with  water,  acid,  or  a  saline  solutioD,  always  tskis  a 
certain  time  to  attain  its  maximum  tension,  that  time  being  greater  as  the  ooodoetivg 
power  of  the  liquid  is  less;  but  with  very  good  conductors,  such  as  dilute  acids,  tbr 
maximum  tension  is  attained  almost  instantly.  In  a!l  cases,  the  statical,  as  wdl  ai 
the  dynamical,  effects  of  the  battery  arc  essentially  dependent  on  the  chemical  actios 
between  the  liquid  and  the  (tositive  metal.  The  stronger  this  action,  the  smaller  ii 
the  number  of  couples  required  to  pro<1uco  a  given  tension.  Gassiot  has  found  that* 
Grove's  battery  (to  1k>  hcrvuftvr  described)  of  400  colls,  well  insulated  in  glass TfSMk 
exhibits  at  the  two  pol«-si  a  tension  equal  to  that  of  a  water  batteiy  of  3AiW  psiflL 

The  poles  of  a  voltaic  luittery  in  a  state  of  tension  discharge  to  each  otho;  jost  lib 
two  metallic  rods  connected  with  the  positive  and  negative  oondncton  of  ni  dsdMi 
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aaehine.  Wlii«:i  rli#  poles  of  the  400  pairs  of  Orore's  baff^jry,  just  mpntion«-il,  wers 
placed  in  ronneition  with  two  copp^er  discs  placed  at  the  distARce  of  j^  of  an  inch 
raNB  one  another,  a  rapid  succesaioa  of  aparka  was  produced. 

The  wire  alon^  which  the  current  of  the  Toltaic  h^^tter^  ia  paMin^;,  either  con- 
tinaooaij  or  by  intenaitt«tit  dpark-diacharge  aa  jtut  described,  exhibits  the  same 
efFects  as  one  which  cotivcya  th«  dineharge  of  an  electrical  machine  or  Leyden  jar. 
The  wire  itaelf,  if  not  Tery  thick,  becomes  warm,  and  a  thin  wire  of  platinum  inlcr- 
poaed  in  the  circuit  ia  heated  to  redneaa,  or  fused,  according  to  the  strength  of  the 
enrrrnt;  ma^^ticta  are  deflected,  and  iron  and  steel  magnetised  by  it;  and  if  the  two 
poles  of  the  battery  are  connected  with  two  platinum  wires  or  platea  immersed  in 
wmter  acidulated  with  sulphuric  acid,  the  water  is  decomposed,  hydrogen  being  eTolvwd 
fivm  the  wire  connected  with  the  negatire  pole,  and  oxygen  from  that  connect«<l  with 
the  poaitire  pole.  Any  of  the  other  electrolytes  mentioned  on  pitge  397,  as  decom- 
posed by  firiction-electricity.  may  also  be  decom[)OBed  with  ease  by  the  cnrreot,  ereu 
of  a  small  Toltaic  battery.  The  quantity  of  oxygen  and  hydrojfcn  thus  evolved  in  a 
given  time  affords,  as  we  shall  afterwards  more  particularly  explain,  a  measure  of  the 
quantity  of  electricity  evolved  by  the  battery.  Now  the  quantity  thus  evolved, 
whether  measured  by  the  amount  of  water  or  other  electrolyte  that  it  will  decompose, 
or  by  the  deflection  of  a  magnetic  needle  (p.  398),  is  incomparably  greater  than  that 
evolved  by  the  most  powerful  electrical  machine ;  a  pair  of  thin  wires  of  cioc  and 
pUtinom  dipped  for  a  moment  into  dilate  acid  will  pitxlnce  a  current  capable  of  de- 
eompocing  a  larijer  quantity  of  iodide  of  potassium  than  conld  be  decomposed  by  alaj^ 
•leetrieal  madiine  working  for  a  considemble  time. 

But  the  inierutity  of  the  charge  of  a  voltaic  lottery,  even  of  a  very  large  number  of 
pairs,  ia  almost  immeasurably  below  thut  of  the  elwcricity  produoed  eren  by  rubbing 
a  piera  of  glass  with  the  dry  hand  ;  in  fact,  the  whole  of  a  voltaic  arrangement  consiata 
of  materials  poesessed  of  considerable  conducting  power,  und  therefore  the  neutraUsa- 
tion  of  the  opposite  electricities  takes  place  ihrougn  the  bsittery  iteelf  more  eaaily  than 
ihroogh  even  a  very  smaLl  strutum  of  air,  or  other  insulating  body. 

The  exact  relations  between  the  quantity  and  intensity  of  the  voltaic  current  will 
be  more  fully  considered  heroaiter.  At  present  it  may  suffice  to  state  that,  with  a  con- 
ducting circuit  not  offering  much  resistunce,  the  quantity  of  electricity  developed  in  a 
given  time  increases  nearly  in  direct  proportion  to  the  size  of  the  platee  in  a  single 
pair  (not  to  the  total  exttnt  of  metallic  surface  in  the  battety),  whereas  the  intensity, 
or  power  of  overcoming  rt'si.Htance  increases,  as  already  observed,  directly  as  the 
onmber  of  paii«.  Hence  when  th«  current  is  to  pasa  only  through  a  metallic  con- 
doctor  of  no  great  length  —  as  for  most  electro-magnetic  experiments,  and  for  heating 
wire  not  extremely  thin — a  single  pair  of  plates  nill  act  as  well  as  a  compound  batt«ry, 
provided  all  the  connections  are  good.  liore's  catorimotor  for  beatiag  wires  is  an 
arrangemeat  of  this  kind  A  number  of  zinc  and  copper  plutes  are  fastened  alternately 
and  perpendicularly  in  a  frame,  all  the  copper  plati-ii  being  (soldered  to  one  common  bar 
of  metal,  and  all  the  nnc  plates  to  another,  so  that  the  whole  acta  like  a  single  pair 
of  very  large  xinc  and  copper  plates.  With  from  60  to  120  copper  and  line  plates, 
each  naviog  a  swi'ucL'  of  li)  iK]uiire  inches,  excited  by  dilate  acid,  a  platinum  wire  ] 
of  a  line  thick  inuy  be  fused,  Another  mode  of  obtaining  a  large  surface  in  a  small 
space  is  to  ruU  together  a  xinc  and  coppor  plate  &  inches  broad  and  9  inches  long  into 
a  cylinder  2^  inches  in  diameter,  in  such  a  manner  that  they  never  come  into  con- 
tact, but  are  always  kept  about  u  quarter  of  an  inch  apart  All  the  copper  plotes  of  a 
oumber  of  such  rolls  are  united  by  soldering  with  a  single  metallic  rod,  and  all  the 
xiuc  platea  with  another. 

J}rt/  Filet.— tha  grcatoat  degree  of  intensity  is  obtained  by  the  so-called  dij  pQes, 
which  consist  of  a  great  nnmber  of  pairs  of  two  met«la  separated  by  paper  instead 
of  a  liquid  conductor,  tinfoil  bi>ing  generally  osctl  as  the  positive,  and  peroxide  ci 
mangani^ae  as  the  negative  metal.  In  these  piles,  as  in  the  ordinary  voltaic  battery, 
the  motive  power  is  chemical  action,  the  exciting  liquid  being  the  moisture  in  the 
paper,  the  oxygen  of  which  ia  continually  combining  with  the  tin,  and  the  hydrogen 
with  the  oxygen  of  the  peroxide  of  manganese  (p.  421);  in  fact,  the  pile  acts  only 
•o  long  as  the  paper  remains  moist,  so  that  tlie  appellation  dry  piU  must  not  lie 
understood  in  ita  bteral  sense. 

The  Wsit  way  of  c^n«»tructing  a  dry  pile  is  to  take  a  sheet  of  paper  tinned  on  one 
Bid*-.  »n«l  cover  it  on  the  other  sidei  with  a  paste  made  of  peroxide  of  nianjrono«e 
mixed  with  milk  aijd  starch  or  gelatin,  to  make  it  adhire.  The  paper  thus  coated  is 
left  to  dry,  and  then  punched  into  a  number  of  small  circular  discs,  which  arc  laid  one 
'  Tipon  the  other  in  a  glass  tube,  care  being  taken  thut  the  tinned  .surfaces  uro  all  laid 
U«e  Mme  way  ;  when  the  tube  is  quite  full,  its  e^d^*  are  oln>tHi  with  bmss  o;ips,  which 
moat  be  metitUically  connected  with  thi-  iwu  extremttiut  of  tli«  pile. 

I  he  tin  cud  of  such  a  pile  exhibits  —E\  the   nun^'Mrrjc  »nij,  -  /■..     A  iiir*  ii^ 
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MTeral  thousand  pairs  owduoea  atrong  dirt»tgeace  of  the  leayei  of  »n  eledmseop^ 
when  one  of  ita  ends  h  brought  in  contact  irith  tlie  cap  of  the  iii«tniaieDt,  whfle  the 
other  ia  held  In  the  hiuid,-  and,  on  connecting  ita  two  poles  b;  m  wite,  small  sparks  aie 
ohtciineil.  The  pile  dooa  not  produce  a  continuoua  current,  since,  La  conaeqaeooe  of 
lh<.>  imperrcct  cotidiictiou  of  the  paper-diocfl,  it  takes  some  time  toracorer  ita  mazliaiun 
teiwion  after  Ltiing  discharged.  With  ti  dry  pile  Ktmposed  of  a  comparative  null 
onmber  of  large  discs,  some  of  the  dj'numic  effects  of  electricity  may,  bowerer,  be 
obtain(*d  ;  thun  DflejeeniM  succeeded  in  decomposing  wnter  with  a  dry  pile  composed  of 
800  pairv,  ejicb  h&Yinz  a  surface  of  270  sqtuire  centimetre!. 

The  chief  use  of  the  dry  pile  is  to  tuanat  in  the  con^tractioD  of  a  Tery  delioite 
eJectKWOopa,  caUeJ  from  it--*  inventor,  Bohnmherfftr't  eiectroacope.     It  consista  of  two 
dry  piles,  C,  D  {/iff.  411),  placed  vertically  at  a  distance  of  four 
iY^.  411.  Of  fira  inches,  with  their  poles  in  opposite  directions;  and  of  a 

single  gold  leaf,  G,  snspoudixi  just  midway  between  them  froin  a 
brass  rod  p»^in^  through  the  cap,  A,  of  a  glass  rereiTer  wluch 
covers  the  whole  arraiipcraent.  The  poles  of  tlie  two  piles, 
being  charged  with  opposite  electriciti»«.  attract  the  gold  leaf 
in  opposite  directions,  ho  that,  if  snepended  exHCtly  in  the  middls 
between  thtm,  it  hftngH  vertically  while  not  itself  electrified ;  bat 
an  sooQ  as  the  slightest  ohar^ge  is  commanicated  to  it,  it  moves 
towards  the  pile  whose  superior  pole  is  charged  with  the  elec- 
tricity opposite  to  its  own.  The  instrument  ia  so  sensitii-e  that  it 
is  aiftfctea  by  an  excited  rod  of  gloss  or  sealing  wax  at  the  distance 
ti  a  vaed;  in  fact,  it  is  sometimes  too  delicate:  for  if  the  piles 
are  pliiced  too  close  together,  and  the  leaf,  from  any  sJight  dis- 
turbance ia  thrown  a  little  out  of  the  vertical,  it  will  be  drawn 
towards  one  pile  or  the  other,  even  thoogh  not  itself  electiified. 
A  pith-bdil  or  a  small  disc  of  gilt  paper  sospeaded  \rr  a  ailkthraad 
between  the  opposite  poles  of  two  dry  piles,  OTilliitfia  bctwMB 
them  as  long  as  the  piles  continue  in  action. 
A  well  constructed  dry  pile  will  remain  active  for  two  or  three  yean;  but  ths 
action  ultimately  stops,  either  from  desicciition  of  the  paper,  or  from  formatioa  ef  a 
thin  film  of  oxide  on  the  surface  of  the  tin-foil. 

The  older  forma  of  the  galranio  or  voltaic  app»mtus,  viz.  the  pile  of  Volta.  Cmik- 
ahank's  trough,  and  WoUuaton's  hnttery,  are  too  will  known  to  need  particular  de- 
scriplion ;  moreover,  they  are  now  but  little  used.  Tht?y  all  consist  of  a  series  rt 
couples  of  zinc  iind  copper,  excited  by  an  acid  liquid,  generally  a  mixture  of  water  with 
1^  of  its  bulk  of  sulphuric  aud  ^  of  nitric  acid. 

Constant  Baitrr  ieg. —  In  all  voltaic  combinations  consistingof  two  metals  and  o&s 
Jiquii,  the  force  of  the  current  continually  diminishe8,incocseqiience  of  the  alterations 
which  the  chemical  action  produces  in  its  component  elements.  Consider,  for  framplfv 
the  onlinary  combination  of  zinc,  Bulpburiw  acid,  and  copper.  As  the  aine  diasolvra, 
the  action  of  the  acid  on  the  remaining  metul  becomes  leas  energetic,  and  therefore  thr 
electromotive  force,  which  depends  upon  that  action,  is  diminished.  But,  besides  thia 
the  sulphate  of  einc  thus  prodnced,  aud  the  water,  are  decomposed  by  the  cutmiI, 
hydro^nand  Kiuc  being  carried  towards  the  surface  of  the  copper.  The  zinc  ta  then 
deposited,  and  tends  to  form  a  counter  current,  just  as  if  a  plate  of  sine  were  sabstttBtid 
for  the  copper;  and  the  hydrogen  likewise  diminishes,  the  fbrc©  of  the  carrent,  partlr 
by  clinging  about  the  surface  of  the  copper,  and  forming  a  non-conducting  film,  whica 
impedes  the  pa««age  of  the  current,  partljr  by  acting  as  a  positive  element,  in  the  sams 
manner  as  in  Grove's  gas-battery  (p.  430),  and  theroby  also  geaernting  a  oonnter- 
purrent^  When  common  zinc  ia  used,  a  fixrthor  variation  arisen  from  the  local  aetaoa 
induced  by  the  foreign  metals  present  in  the  zinc,  and  continually  increases  as  those 
inetals  are  separated  in  larger  quantity  (p.  418).  This  last  incoovexuenoe  is  eon- 
pjeteiy  obviated  by  the  ose  of  amalgamated  zinc. 

The  variation  of  power  arising  from  the  saturation  of  the  and  may  be  prevented  by 
grsdunlly  removing  the  spent  liquid  and  replacing  it  with  fiwsh  acitC  which,  however, 
introduces  considerable  complication  into  the  arrungcmeat  of  the  battery  ;  this  sooirs 
pf  vi^atioq  is  greatly  diminished  by  the  use  of  aroalgnraati^d  zinc,  which  acts  ody 
"wbiHf  the  circuit  is  closed,  and  therefore  does  not  saturate  the  acid  so  quickly. 

The  variation  jirislng  from  the  transference  of  Einc  and  hydrogen  to  the  sntfaee  d 
the  negative  metal  is  prevented  by  immersing  that  metal  in  a  liqtu'd  of  different  eotn- 
poaitioD  from  that  which  acts  upon  the  zinc,  and  capable  of  absorbyig  the  hydroeeo, 
the  two  liquids  being  separated  by  a  porous  partition,  which  prevents  them  from  mixut^ 
bat  doea  not  interrupt  the  electric  communication.  This  object  may  be  effected  \if 
variouj  arrangements,  the  moat  important  of  which  are  the  b^ttericv  of  PaaieH 
QroT«,  Atid  BunsflD. 
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Tn  AMteS**  battf^,  «ach  cell  eonauta  of  b  copper  cylinder,  e  c  vUliin  which  is 
pl«««d   %  oall  a  />.  either    of  poroiu  MTthenwire  or  aniraiil 
TB«>fnbrua«.  AIImI  with  a  mixtnra  of  I  ranmra  of  anong  ml-  Fig.  412. 

phoric  acid  and  8  meaauren  of  watery  and  in  thiB  ia  immeraed 
a  cjUnder  of  ainalgsmat«d  sine  e,  Tho  apace  between  the 
porooA  cell  and  tho  copper  cylinder  is  filled  with  a  saturated 
•elation  of  sulphate  of  copper.  On  connecting  the  sine  with 
the  copper  by  a  wire,  the  sine  diaaolrea,  and  the  particles 
of  the  two  liqoida  beoome  polarised  in  the  mjinner  represented 
below: 

ZdZd    CIH    aH|ClCu    aCu    CuCn; 
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the  ralphateia,  for  greater  simplicity,  being  attf^waed  to  be  re- 
plaeed  oy  chlori^lem.  The  lattt  utom  of  hydrogen,  instead  of 
paaaing  on  to  the  copper,  unites  with  the  chlorine  of  the  first 
atom  of  chloride  of  CO ppi»r  beyond  the  porotts  diaphragm ;  the 
atom  of  copper  thus  set  free  onites  with  t  ho  next  atom  of 
chloriois  snd  so  on,  till  the  last  molecule  of  mpric  chloride  is 
mched,  the  copper-atom  of  which  is  deposited  on  the  surface 
of  the  oopper  cylinder  in  the  metallic  state.  Thus  the  copper, 
instead  of  having  its  surface  tamishod  by  a  depoeit  of  sine,  or 
pfilariaed  by  adhering  hydrogen,  ia  kept  ooatuiDally  bright  by 
freeh  deposits  of  metallic  copper.  o 

This  la  the  action  which  goes  on  in  a  DanieU'B  cell,  so  long  ae  the  copper  wMotion 
remains  tolerubly  well  saturated.  It  is  clear,  however,  that  in  coursH  of  time  it  must 
beooBM  weak  unless  renewed ;  and  when  it  becomes  dilote,  water  is  decomposed  aa 
well  H  the  rapric  salU  ."ind  hydro^n  then  paasee  on  to  the  copper  surf^ice.  It  ia 
hnportaot,  therefore,  to  keep  the  copper  solution  aatorated ;  and  for  this  purpose  a 
aiielf  of  perforated  oopper  ia  fixed  round  the  interior  of  the  oopper  cylinder  ut  about  un 
inch  below  its  upper  edge,  and  on  this  shelf  are  laid  ei^'stals  of  cuprio  sulphate,  which 
diseolTe  •■  faat  aa  the  oopper  ia  removed  horn  the  solution  by  the  action  of  the 
current. 

A  Daniell'a  battery  thus  fitted  up  remains  nearly  countant  for  a  considerable  time ; 

bat  the  acid  of  oouzae  beeom(>a  gra«Iusily  exhausted.     To  pn>»erTe  it  st  a  oonstant 

_      strength,  the  copper  cylinder  A  B  was  originally  oonotructed  as  shown  v\  fig,  413, 

■     with  a  siphon-tube  r  f  g,   prooeedixig  from  its  lower  part  and  terminating  within 

\  Fig.  413.  Fig.  414. 

} 

tiie  oi-guUet  a  b,FE,  which  formed  th»>  porous  cylinder.  By  this  tube  an  outlet  was 
provided  for  the  spent  liquid  aa  fresh  acid  was  poured  in  at  the  top.  This  con- 
etruction  has,  however,  not  been  found  to  yield  sufficient  advuotAge  in  point  of 
constAucv  to  compensate  for  the  additional  comptication  which  it  involves.  Buff  has 
oontrived  a  modification  of  the  Dftniell's  cell  in  which  the  sine  plate  or  cylinder  is 
mstained  by  a  cc>iiQt«>rpoise,  and  allowed  gmdniilly  to  sink  in  the  liquid,  thus  pre- 
senting a  greater  eurfuee  to  the  action  of  the  acid  us  that  hqnici  become*  weaker. 

Grovti's  battery. — In  this  battery  (/?<;.  414)  the  positive-metal  conaiats  of  amalga- 
mated sine  immersed  in  stdphciriciicid  diluted  with  about  10  times  its  bulk  of  water,  and 
the  Degative  metal  of  platinum  immersed  in  strong  nitric  acid.  Each  tine  pUte^  Z,  bent 
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Itraud,  as  Id  the  figure,  ie  contained  in  a  rectancrular  veaael  of  glass  or  gla«ed  earthenvan 
A  B  C  D,  AUihI  mth  dilute  sulphuric  acid.  Betwe«n  the  two  bendj  of  the  xmc  pUt«:u 
placed  n.  narrow  rt<ctanguldr  cM  of  port>us  onrt  Ijen ware-,  (wut-iiiuiug  Htrong  nitric  acid,  acd 
in  this  iH  tmmeraed  a  pLiteof  plHtinum,  bk>ntdt  the  top  to  roe«t  the  next  eioc  plate, 
oguinBt  whii*h  it  is  pressed  by  ti  amtiU  split  piec(>  of  wood.  a.  Th«  aclioo  of  this  batterjr 
18  «iinihtr  to  that  of  Daniell's,  but  strou'^r,  )>ecau:<iti  the  hydrogeo  evoWed.  by  the 
it-composition  of  the  water  is  rapidly  ttiken  up  by  the  nitric  acid,  which,  in  fiMt, 
acta  upon  it  like  peroxide  of  lead,  or  maat^oese  (p.  421),  and  tends  fipreatly  to  in- 
teosify  the  polarity  induced  by  the  action  of  the  sine  on  the  sulphuric  acid.  Tlio 
battery  is  not,  however,  so  constant  as  Daniell's:  for  the  nitric  acid  ia  very  quickly 
Todaoed  to  lower  oxides  of  nitrogen,  and,  after  the  battery  has  hemi  in  nction  for 
»bout  an  hour,  copious  red  fumes  are  given  oS,  which  causa  great  annoyance.  Thit 
incsonveiiienco  may  be  diminishL'd  by  using  weaker  nitric  acid  (acid  of  1*40,  mixed 
with  half  ita  buUt  of  water),  or  by  mixing  the  stronger  add  with  one-third  or  one- 
half  it«  volume  of  strong  sulphuric  acid ;  both  these  niethoda  render  the  action  let* 
variable:  but  the  former  |||[reutly  diminishei  the  force  of  the  cturent;  the  latter  ii, 
therefore,  to  be  preforred. 

Ifunsen'B  battery  (Jiff.  415)  is  the  same  as  Grove's,  excepting  that  the  platinum  is  re- 
placed by  compact  charcoal  or  coke.  Each  couple  consists  of  a  boUow  cylinder  of  carboa 
ent'Jo.swi  in  a  ghi«aT«»8el  containing  nitric  acid,  and  eneloaea  a  cell  of  poroua  eartbenw 
which  contains  dilute  Bulphuric  acid,  aad  a  cylinder  of  amalgamated,  ziucl     The  ttp 


Fig.  416. 
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rim  of  eachc&rboQ  cylinder  is  enclosed  by  a  copper  ring,  to  which  is  attached  %  riband 
of  the  same  metal,  serving  to  connect  it  with  the  £inc  of  the  next  oouple,  in  the 
manner  shown  in  the  figure. 

The  carbon  for  these  batteries  is  obtained  as  described  at  p.  760,  toL  i.  Its  ooo- 
ducting  power  ifl  aomewhat  leas  than  tJiat  of  platinum,  and  consequently  the  cunrot 
product  en  first  closing  the  circuit  is  le^  violent  than  that  of  Grove's  "battery,  uni, 
on  this  account,  somewhat  more  constant. 

The  platinum  in  Grove's  battery  may  also  be  replaced  by  lead  coated  with  gold  o» 
platinum  (Callan,  Ann.  Ch.  Phys.  [3]  viii.  28) ;  also  by  iron  rendered  panive  by  im- 
luers^ioQ  in  strong  nitric  acid  ;  iron  in  its  ordinary  state  may  be  med  u  th«  pMitire 
jiK-ral,  with  paasive  iron  hs  the  negative,  but  a maJgn mated  zinc  iabetter(Sch6nbein). 
Ciillan  hiis  obtained  good  results  with  amalgamated  ziac  and  caat  iron  immcived  ia 
dilute  Kiilphuric  acid,  without  the  -ase  of  nitric  acid. 

The  variation  in  the  strength  of  the  current  ariaijig  from  the  adhesion  of  hydroecB 
to  the  Burfiice  of  the  negative  metal  may  also  be  prevented,  to  a  great  extent,  by 
covering  the  surface  of  that  rat'tal  with  a  coating  of  tiuely  divided  platinum  or  goli 
Platffl  of  platinum  or  silver  may  be  thus  coated  by  immersion  in  a  solution  of  cUorida 
of  pi^tiuum  or  chloride  of  gold.    Metak  thus  coated  with  platinum  are  said  te  be 
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y,  which  con»uU  of  &  scries  of  pain  of  araal^inut«d  xiac  sud  platiiuMid 
pkUnoin,  inunened  in  dilut«  sulphuric  acid,  pnxlucofl  a  ctirrent  of  much  greater  con- 
•tiuxj  than  might  be  expen'ted  from  a  battery  of  ocJy  ouo  licjuid,  been  use  the  hydrogen 
does  not  adhere  to  the  rou{;h  surface  of  the  pUtinited  platinum.  The  form  of  the 
platea  ia  vimilar  to  that  adopted  in  Grove's  battel^,  tne  platM  of  zinc  being  bent 
double,  and  the  pUtinuni  plates  interposed  between  the  two  Burfacca  forrned  by  the 
l>*'nd ;  but  aa  there  ia  only  one  liquid,  and  no  poroua  cell,  the  two  aarfaces  of  each 
ainc  plate  may  be  brought  mach  nearer  to  each  otlier  than  in  Grove'e  battery.  The 
battery  ia  chaiged  with  a  mixture  of  1  pt.  vulphuric  acid  to  7  pt^.  water.  The  platea 
are  attached  to  a  frame,  by  which  they  can  bo  oaaily  lifted  out  of  the  trough  when 
not  required  to  act. 

Platiniaed  Bilver  may  be  ojaed  instead  of  platiniaed  pUtioiun,  but  Bilrer  i>  not  yezy 
MaOy  platuiieed,  on  account  of  the  high  poluh  of  its  anrface. 

None  of  the  forma  of  battery  above  described  are  capable  of  yielding  a  really  cun- 
etant  current  Daniell'B  construction  gives  the  nearest  approach  to  conAtunoy :  but 
even  in  this,  ruriatioua  must  arise,  aa  it  is  impoasible  to  keep  the  arid  at  a  perfectly 
uniform  strength.  The  only  way  of  obtaining  a  perfectly  constant  current,  is  to  inter- 
poae  in  the  circuit,  a  conductor,  the  reaistjuico  of  which  can  be  made  to  varj;  inversely 
aa  the  strength  of  the  action  in  tba  battery.  The  mode  of  affoctlng  this  will  bo 
deacribed  hereafter  (p.  -164). 

2.  Devdopnunt  of  EUetricity  by  the  Chrmkol  Action  of  Solutions  ofu  upon  th 

other. 

"When  two  conducting  liquids  act  upon  one  another,  a  development  of  electricity 
takes  place,  the  more  acid  Uquid  becoming  positive,  and  the  more  alkalii^t;  liquid 
negative.     This  may  be  shown  by 

p^un^ng  two  perfectly  clean  phites  Fiff.  416. 

of  platinum,  connected  with  tho 
ends  of  a  galvanometer  wire,  one 
in  nitric  acid  contained  in  a  glow 
veaBe\d(J!g.  416],  the  other  in  a 
K«lntion  of  potash  couUiined  inan- 
otlter  glass  vessel  e,  and  connecting 
the  two  liquids  by  means  of  a 
bundle  of  cotton  or  a«bestofi  fibres 
p  m  9,steep«d  in  a  slightly  acid  or 
saline  solution.  The  acid  and  alkuli  th+n  ri«e  through  the  bundle  of  fibres,  by  eapill&hiv, 
and  as  soon  as  they  mix,  a  current  is  produced,  the  +  E  passing  from  the  acid 
through  the  galvanometer  to  the  alkalL  That  this  effect  is  really  doe  to  the  mutual 
action  of  the  acid  and  alkali,  and  not,  a*  Duvy  supposed,  to  the  ditferent  action  of 
the  two  liquids  on  the  platinum  platen,  may  be  proved  by  immersing  the  two  plates  in 
euDB  containing  a  eolution  of  nitre,  connecting  these  two  cups  hj  m<ann  of  a  bundle  of 
aaoestos  or  cotton  fibres,  one  with  the  nitric  acid,  the  otlier  with  the  |H>ta8h,  and  the 
acid  and  alkali  by  another  bundle  of  asl>e»toa  hs  before.  The  current  i'^  then  produced 
in  the  same  direction  as  with  the  former  arrHngemeut,  but  somewhat  weaker,  on  account 
of  the  small  conducting  powcjp  of  the  nitre  solution.  Another  mode  of  operating,  so  as  to 
obviate  the  objection  above-mentioned,  is  to  plunge  the  two  f)latinuro  plates  attached 
to  the  galvanometer  coil  into  vi-bsoIs  containing  nitric  acid,  connect  these  vessels  by  a 
bundle  of  cotton  fibres  about  four  inches  long,  moistened  with  wafer,  then  drop  gently, 
by  means  of  a  tube,  a  Nmall  ijUantity  of  acid  and  of  potash  solution  near  the  middle 
of  the  cotton.  A*  long  as  thcso  drop  of  liquid  remain  separate,  no  current  is  formed; 
but  as  soon  aa  they  mix,  a  current  is  produced  in  the  same  direction  us  in  the  preced- 
ing experiments,  the  +  E  passing  from  the  alkali  to  the  add,  and  theoce  through  the 
connecting  wire  to  the  alkali  again. 

I(  in  the  first  arrangement,  the  cotton  or  asbestos  is  moistened  with  a  strong  solu- 
tion of  any  salt,  such  as  ebk>ride  or  sulphate  of  sodium,  a  cnrretit  ia  at  first  formed  by 
the  action  of  this  solution  on  the  acia  and  on  the  alkali;  this  current  is,  however, 
comparatively  feeble,  and  is  soon  sueceoded  by  the  stronger  current  resulting  from 
the  mixture  of  the  acid  and  alkali.  Thus,  nitric  acid  and  potash  connected  by 
etitton  containing  sulphate  of  sodium,  produced,  at  first,  a  deflection  of  4°  or  6°  in 
the  galvanoiueter,  but  after  a  few  B«condd  a  deflection  of  20°,  which  remained 
constant. 

Electric  currents  are  abio  produced  by  the  action  of  one  acid  upon  another :  thus, 
when  strong  sulphuric  acid  is  carcfiilly  poured  into  one  branch  of  a  U-tnbe  (,ftif. 
417),  and  nitric  acid  into  the  other,  so  that  the  two  liquids  may  meet  in  m,  without 
mixing,  and  the  platinum  tcrminulB  a  6  of  a  galvauomvler  are  made  to  dip  into 
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the  two  ttdda,  a  earreot  is  formDil,  in  wlucli  the  -t-  ^passes  from  the  mine  acid  dineHj 

to  the  Bulphuric  acid,  and  thence  through  the  gal- 
'w*  *^''  Tanomet^r  back  to  the  nitric  acid,  th«  Utrn 

acting,  in  fact,  as  a  base  to  the  ffalphnric  add. 
Phosphoric  acid  acts  with  nitric  add  in  the  sanw 
WHj  t%a  sulphuric  add,  and  with  solphurie  add 
in  tlie  same  manoer  aa  the  latter  acts  with  nitiie 
acid. 

Of  the  conducting  solutions  in  the  fnllo 
Bories,  each  is  nrqa^:iiv  with  those  which  follow,i__^^ 
positive  with  those  which  precede,  it;  the  term'' 
positive  bdng  here,  as  before,  applied  to  the  bodj 
/mm  which  the-»-  £  passea  directly  to  the  otfa 
Phosphorie  add,   ndpkurie  and,   nitric  < 

- hi/drochl-orie  add,  acetic  acid,   taline   moIu. 

alkaline  aoluHons. 
Water  !■  for  the  most  part  podtiTe  with  acido  and  negative  with  alkalies. 
In  aU  armn^^Tnents  LUce  thosQ  abore  described^  it  is  of  great  import&nce  io  < 
the  platinram  platoji  before  eo<»h  experiment,  by  heating  them  to  rednew,  then  imti 
ing  them  in  boiling  nitric  acid,  and,  lastly,  washing  them  in  dietillod  water, 
fhould  then  be  trated  by  connecting  them  with  a  galranomcter,  and  imme 
lliem  in  the  aame  liquid — nitric  acid,  for  example.  If  quite  dean,  they  will  prodne*! 
current;  if,  on  the  other  luind,  the  needle  is  deflected,  it  may  be  condad<>d  that  th* 
plutca  are  polarised.,  by  the  deposition  of  a  film  of  oxygen  gas  on  the  one,  and  hydro- 
gen on  the  other,  these  gases  resulting  hom  the  electrolytic  action  which  has  tai«a 
j>lace  in  the  liquids  in  which  tlie  platea  were  previously  immeraed  (seethe  next  sectioa). 
The  effect  of  these  gaseous  deposits  is  to  produce  a  current  in  the  direction  inTenw  Ia 
that  of  the  current  by  which  they  have  been  formed,  and  this  current  may  diminish, 
or  even  completely  nentmlise,  that  which  it  is  desired  to  produce. 

To  ohriafce  this  source  of  error,  Becquerel  contrived  an  apparatus  called  a  d-rpclariMn; 
consisting  of  &  mechanical  arrangement  by  which  each  of  the  platinum  plates  is  lifted 
out  of  the  solution  in  which  it  has  been  immersed,  and  plunged  into  toe  other,  their 
connections  with  the  galvanometer  remaining,  however,  unchanged.  The  remit  of 
this  continual  shifting  of  the  plates  is,  that  neither  of  them  remains  in  either  of  the 
li'inidii  long  enough  to  become  polarised,  and  therefore  the  secondary  cummt  above- 
mi-ndoned  is  not  produced.  By  means  of  this  apparatus,  Becqucrel  has  been  able  to 
detect  tlie  production  of  a  current  by  the  mutual  action  of  liquids,  in  loiiny  essMtn 
which  it  would  not  othprwise  have  been  apparent. 


Fig.  418. 


The  intensity  of  the  current  produced  by  the  mutual  action  of 
liquids  may,  of  course,  be  increased  by  joining  several  couples  ttv 
gpther,  the  two  liquids  in  each  cell  bem^  separated  by  a  poroM 
diaphragm,  or,  if  they  differ  greatly  in  density,  simply  laid  one  npon 
the  other.  The  couples  are  connected  by  wires  of  copper  or  pUti- 
ntim,  the  extremities  of  which  dip  into  the  positive  Uquid  of  OM 
cell  and  the  negative  of  the  next 

A  very  pemarkableform  of  couple,  composed  of  two  liquiiis  andoos 
metal,  is  that  which  is  known  as  Bfcqturrers  Oxygen-circuit.  CD 
(Jig.  418)  is  a  glass  bottle,  into  the  neck  of  which  is  inserted  a 
tut>o  AB,  kept  in  its  place  by  a  cork.  Over  the  bottom  of  the  1 
is  tied  ft  piece  of  linen,  on  which  iJi  placed  a  layer  of  moist  day, 
half  an  inch  thick,  and  on  this  is  laid  a  piece  of  cotton-wool,  to 
Tent  it  from  mixing  with  the  supernatant  liquid.  The  bottle  is  I 
with  nitric  acid,  the  tube  wjtii  solution  of  catistic  potash.  The  two 
liquids  come  into  contact  throttgh  the  motst  day,  and  are  also  coo- 
nected  by  means  of  a  wire,  which  may  be  that  of  a  galvanometer,  ter- 
minatinp  in  two  plates  of  platinum  P  Ny  the  former  immersed  in  tht 
potash,  the  latter  in  the  nitric  add.  On  making  this  connectiea,  a 
strong  current  is  produced,  the  +  R  pa-ssing  ftwn  N  along  the  wire 
to  P,  an4  at  the  same  time  the  water  of  the  potash  solution  is  de- 
composed, its  oxygen  escuping  in  buhblea  at  P,  while  the  hydrofn 
!m  transferred  to  the  nitric  sicid,  which  it  partly  rodaccs  to  nitroua  acid,  thereby 
colouring  the  liquid  around  it  red  or  green. 

The  current  produced  by  this  oxygen -circuit  is  of  constant  strengtli,  beeiiD«e  ths 
plaTes  do  not  become  polarised  ;  in  fact,  although  the  nitrate  of  potaasium  formed  by  ths 
union  of  the  acid  and  alkali  is  dccorarwsed  by  the  current,  the  add  being 
imnsferred  to  the  plate  P,  and  the  alkali  to  !f,  the  acid  is  immediately  d«- 
tralised  by  the  potash  at  P,  and  the  alkali  by  the  nitric  add  at  i^,  so  that  thcj 
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db  not  remain  *tt&cbed  to  the  pLit^s.  This  arrangement  was  the  earliMt  form  of  a  eon- 
•tact  Toltjtic  cturent  It«  power  may  be  coiusiaeniMy  increaaed  by  making  the  plat* 
P  of  tunalgamated  sine  inatead  of  platinum  ;  thp  ziiie  Uka  hold  of  the  oxygen,  and 
prmiuce*  an  electric  polariaation  in  the  same  dLret-tion  ii»  that  n-stiltiuL'  from  the  mutual 
action  of  the  acid  and  alkuli.  A  ainglo  couple  thus  countitutM  J<H>ompo«ea  WHter 
with  facilitj,  and  bj  uniting  aeveral  mich  oouplea  a  powerfuJ  batterj-  ia  obtained- 

Beetrieity  devdoped  by  JkeompotitUm  of  Solutums. — When  wat«r  holding  any  anb- 
■tanee  in  solntion  is  eraporated  in  a  platinum  veaael  pkccd  on  the  pkte  of  a  eon> 
denaing  electroBcope,  the  metallic  ye"*el  acqairei  s  positive  charge  when  the  aojution 
is  alkaline,  and  negative  when  it  is  add,  tbe  oppoute  electricity  being  in  each  case 
carried  off  by  the  water.  A  eolatton  of  ammooia  forma,  however,  an  exception  to  tbe 
gt'neral  behaviour  of  alkaline  liqnida,  becaoae  the  ammonia,  being  more  volatile  than 
tbe  water,  carrira  off  the  +  E,  and  leaves  the  water  negntive.  To  exhibit  those  effects 
the  evaporation  moat  be  rapid,  otherwise  the  opposite  electncitiea  have  time  tore- 
combine.  A  eonreaient  apparatus  for  the  purpose  is  a  Hmall  wide  platinum  capsole, 
or  a  thick  piece  of  platinum  foil,  slightly  hollowed  out  in  the  middle.  This  is  to  be 
connected  with  the  lower  plate  of  the  condenser,  then  heated  t«  redness,  and  a  few 
drope  of  the  solution  poured  into  it.  A  comparjtiro  experiment  should  &r9t  be  made 
with  pure  water  to  ensure  that  there  ia  no  electricitv  developed  by  the  friction  of 
minute  frlobnJea  of  water  against  the  edge  of  the  veaael  Peltier  baa  observed,  that 
the  development  of  electricity  in  these  experimenta  does  not  take  place  daring  the 
whole  time  of  the  evaporation,  bat  only  at  the  moment  when  the  liquid,  quitting  the 
^beioidal  stute  into  which  it  has  been  thrown  by  contact  with  the  hot  metal,  experi- 
«Deet  a  kind  of  crepitation ;  he  tbenee  concludes  that  the  electric  excitement  is  duo  to 
the  separation  of  combined  water,  and  not  to  the  mere  araporation  of  the  water  which 
holds  tbe  substance  in  solution. 

3.  Development  of  Electricity  by  the  mutual  Action  of  Gases  and  Liquids, 
Polarisation,'  Gas-Battcrits. 

Wo  have  already  had  occasion  to  notice  aeveral  instances  in  wliich  the  current 
pnxlnced  by  a  voltaic  couple  ia  weakened,  or  even  noutrali^ied,  by  tbe  action  of 
films  of  liquid  or  gas  attaching  themaellves  to  the  surfaeea  of  tbe  solid  elements. 
This  kind  of  action  was  first  observed  by  Rittor,  who  found  that  a  pile  composed 
of  a  number  of  discs  of  the  same  metal,  separuted  by  pieces  of  moistened  cloth, 
though  inactive  of  ititelf,  acquired,  by  connt«tian  for  a  few  seconds,  with  the 
poles  of  an  ordinary  voltaic  batter)',  a  kind  of  secondary  polarity,  which  enabled  it  for 
a  short  time  afterwtirds  to  exhibit  electric  tension  at  its  eztremitieo,  and  produce  a 
current  capable  of  decomposing  wuter.  This  effect,  as  pointed  ont  by  Volta,  is  due  to 
tbe  decomposition  of  tbe  liquid  l^etween  the  metallic  discs,  resulting  from  tiie  butterr* 
cnrreat  sent  through  it,  whereby,  if  the  discs  are  moistened  with  a  aalio©  solution,  acid 
is  transferred  towards  the  end  of  the  pile  connected  with  the  positive  pole  of  the 
battery,  and  alkali  in  the  contrary  direclion,  so  that  one  surface  of  each  of  the 
mctidlic  discs  becomes  covered  with  acid,  iind  the  other  with  alkali-  Hence,  aa 
already  shown,  a  current  is  produced,  in  which  +  E  p«i5se»  from  the  alkali  to  the  ncid, 
that  is  to  say,  in  the  opposite  direction  to  that  of  the  original  current.  This  so-called 
polarisation  of  metallic  surfaces  may  be  prodaoed  on  a  single  pair  of  phttinum  plates  by 
immening  them  in  a  saline  solution,  and  sending  a  current  through  it  for  a  short 
time;  if  the  current  be  then  stopped,  and  the  plates,  while  still  immersed  in  the 
liquid,  connected  with  the  ends  of  a  galvanometer  coil,  a  strong  inverse  current  will 
he  produced,  lasting  for  aeyeral  seconds.  The  same  effect  may  be  produced,  without 
the  interve{jtion  of  electrolyiis,  by  simply  immersing  one  of  the  plates  in  acid,  the 
other  in  alkali,  then  connecting  them  with  a  galvanometer,  and  plunging  them  into  a 
oondueting  solution. 

PUtes  of  platinum  become  polarised  in  a  similar  manner,  when  immersed  in  water 
either  pure  or  aciduLited,  and  eonnwtcd  with  the  poles  of  a  battery,  the  effect,  ia 
this  case,  being  due  to  the  films  of  hjdpigen  and  oxygen  which  collect  on  tbe  nega- 
tive and  positive  plates  respectively.  That  this  is  the  true  explanation  of  the  pheno- 
menon, is  shown  by  tbe  following  facta:— 1.  The  piUrity  of  the  platinum  plates  ia 
deelToyed  by  beating  them  to  remiess.  2.  Wlien  the  plate  which  has  been  connected 
with  tile  positive  pcde  of  the  battery  is  introduced  into  a  graduated  tube  filled  with 
hydrogen,  and  the  other  into  a  tube  flUed  with  oxygen,  both  gases  are  gradually 
absorbed,  the  hydrogen  disappearing  twice  as  fast  a»  the  oxygen.  3.  The  polarisation  of 
the  platinum  platea  may  be  OTodoc^  without  tbe  aid  of  electrolytic  action,  by  simply 
immersing  one  of  them  in  hydrogen,  and  the  other  in  oxygen  gas.  On  subsequently 
connecting  tbe  plates  with  a  galvanometer,  and  then  plunging  them  into  water,  a 
•trong  current  is  obtained,  the  +  it' putting  from  the  plate  which  baa  been  immenieti 
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Fig.  419. 
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laong 
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in  the  hytlMgen,  thmigfa  the  liquid,  to  the  pkte  which  has  been  imt 

oxygen. 

ffnrtw'*  Gaa-battery.—The  aocondory  carrfinta  produced  by  polunMd  platen,  at  abore 
described,  lu'c  bul  of  short  duration ;  bat  drove  has  sucoeeded.  by  • 
p^ctilmr  arraagemetit  founded  on  the  same  principles,  in  prodaong 
A  eontinuoua  current.  Two  glaae  tub«M  {fig.  419),  do6«d  at 
and  CHch  contaming  a  plate  of  platinised  platiaum  (p.  426X 
nectod  with  a  platinum  wire  paesing  through  the  top,  ai*  1 
with  aeiduUted  water,  and  supported  in  a  glass  Teasel,  a  a, 
filled  with  acidulated  water.  One  of  the  tJihe9  is  thf>n  filled 
oxygen  gaa,  and  the  other  witb  hydrogun.  and  the  external 
ff,  A,  are  conJicct*id  with  a  galTanoineltfr.  A  strong  curreiit  la  then 
ppodueed,  procei«dix»g  from  the  hydi-opfpn  plate,  tliroogh  the  h'quid. 
to  the  oxygtm  plate,  and  at  the  same  time  the  gases  in  the  tab«s 
gradually  disappeiir,  the  hydrogen  twif:e  as  fkat  as  the  oiygWL 
By  connoctiug  a  ouniber  of  such  pairs  together,  the  hydrogen  plate 
of  the  one  with  the  oxygen  plate  of  the  next,  a  "  ga»*battery  "  if 
obtaino<l,  capable  of  giving  aparka  and  ehocka,  deoomposing 
water,  &c. 

The  exciting  action  in  this  battery  takes  place  at  the  aurfacM  of 
contact  of  the  platitiura,  the  liquid,  and  the  gases.  The  hvdr 
adhering  to  theaurfrtce  of  tlie  pUitinum,  in  thelineof  contact  beti 
that  surfiice  and  the  liquid,  polarisea  the  partielfs  of  the  liqi 
so  that  the  oxygen-atom  of  each  molecnle  of  wat^r  is  turned  to- 
wards it,  and  the  hrdrogen-atoms  the  other  way — in  abort,  it  aeti 
imst  like  the  zinc  in  the  ordinary  battery.  MoreoTer,  the  O^rOBIi 
m  contact  with  the  platinum  in  "the  other  tube  polarise*  the  UM*- 

cnlea  of  water  in  the  same  dirertiou,  and  thus  the  intensity  of  the  action  ia  dimbltd 

The  polarisation  of  a  chain  of  partidea  may  be  thus  r«>prfsented : 


rfae«Bo£j 

ydrodll 
betfS| 
5  liqn^^n 


O  H* 


on*     opt 
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On  making  aconneetion  between  the  two  platinum  plates,  the  —E  of  the  one  uniti«« 
with  the  -H  k  of  the  other;  the  free  hydrogen  in  contact  with  the  first  unites  wiilj  tb« 
oxygen  of  the  adjacent  molecule  of  water,  the  hydrogen  of  this  with  the  next,  and  s» 
througJiout  the  series. 

l  he  u.se  of  platiui»ed  platinum  in  this  battejj  is  not  absolately  necessary,  as  don 
polished  plates  of  the  met^il  act  in  the  same  way ;  but  tlie  platinised  platinum  acta  more 
powerfully  on  account  of  the  grontor  surface  which  it  alfor*is.  Platinum  ia  pecuiiariy 
adapted  for  forming  part  of  such  an  nrrungemont,  by  its  medium  position  on  the 
electrical  or  ehfuiieal  S4.-alc  (p.  13).  If  an  oxidable  metal  were  used,  the  efiiect  would 
bo  mmj>lii'ati>d  ]»y  its  affinity  for  the  oxygen. 

The  action  of  the  battery  is  exactly  the  same  whether  the  gases  which  fill  the  tnbcs 
are  evolved  by  the  electrol^'sis  of  water,  or  prepared  by  ordinary  chemical  methoda 

Several  other  combiuatious  of  pisi^  have  likewine  been  tried,  vis.  chlorine  and 
hydrogen,  chlorine  and  ctirtjonio  oxide,  oxygen  ami  nitrous  oxide,  hydrogen  and 
carbonic  oxide;  but  none  of  them  are  well  adapted  for  actual  use  in  the  bottm. 
Chlorine  and  hydrogen  give  a  powerful  current;  but  the  rapid  absorption  of  the 
chlorine  soon  puts  a  stop  to  the  action.  Chlorine  and  oxygen  on  the  one  side,  and 
hydrogen  and  carbonic  oxide  on  the  other,  are  tho  otdy  gases  wliich  appear  to  I 
tapable  of  producing  a  continuous  current  in  the  aame  manner  as  hydrogen  and  c 
The  other  combinations  produce  no  effect  after  the  itin>t  few  minutes. 

Pasnve  stntc  of  vietah, — When  a  piece  of  clean  iron  wire  is  immersed  in  nitric  add 
together  with  platinum,  the  lalter  being  introduced  first,  and  the  two  connected  with 
a  galvanometer,  a  powerful  current  ie  formed  at  the  first  instaut,  the  iron  forming  the 
positive  motiil ;  but  the  strength  of  the  current  quickly  falls  to  a  very  small  amount, 
at  which  it  may  remain  const-itnt  for  HeVrnil  days.  This  effect  is  evidently  due  to  the 
formation  of  a  thin  coating  of  oxide.  The  iron  thus  treated  i.«  no  longer  attacked  by 
strong  nitric  acid,  but  mtiy  be  preserved  in  it  for  any  length  of  time  without  changf- ; 
in  this  state  it  ia  said  to  be  ptissivr.  When  an  iron  wire  in  this  state  in  immersed  in 
nitric  acid,  and  another  iron  wire  brought  in  contact  with  it,  and  then  dipped  into  the 
acid,  tliia  wire  m  likewise  rendered  paaslve,  forming  in  fact  the  jxwitive  metaJ  of  i 
Toltaic  couple,  in  which  the  first  wire  is  the  negative  raetaL  In  like  manner,  a  third 
wire  may  be  rendered  passive  by  connection  with  the  second,  and  so  on.  Iron  mtj 
also  be  rendered  passive  by  mere  immerflicn  in  very  strong  nitric  acid,  or  by  holding 
it  for  a.  few  seconds  in  the  flame  of  a  spirit-lamp,  whereby  it  become«  superti^-iall/ 
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dxidiw^l ;  or  agmo,  hj  holding  the  extremitjr  of  the  trire  for  a  short  time  in  tht  lamp- 
(Lime,  and  then  dipping  it  gnidually  into  nitric  acid,  the  oxidia«d  end  fint. 

Iron  thus  rendered  passive  tn  ly  bo  re'stored  to  it«  ordinary  itate  by  any  tn*atni*nt 
which  removes  the  saperficiAl  coutiug  of  oiide,  e.  p.  by  touehiflg  it  while  imnjerscd  in 
acid  with  »  pieca  of  ordinaiy  iron,  or  with  zinc ;  or  by  roitking  it  terve  for  an  instant 
•a  the  negative  pole  of  a  voltaic  battery  in  the  deeompositioD  of  water,  so  as  to  cattle 
an  cTolation  of  hydrr>gen  upon  it«  sorface;  also  by  immernng  it  in  hydrochloric  acid, 
which  diuolre*  off  the  film  of  oxide,  or  eren  by  washing  it  with  water  and  rubbing  it 
with  bibnlona  paper. 

Paaaive  iron,  as  already  obaerred,  has  been  reeommeoded  as  a  substitute  for  platinum 
in  OroTc'fl  battery ;  it  is  not,  however,  well  adapted  for  the  purpose,  as  the  film  of 
oxide  on  its  surfuL-e  soon  bcKsomes  reduced. 

Other  metals,  viz.  silver,  copper,  tin,  alnminiam,  and  especially  blsmntb,  may  be 
bxought  inlo  the  paaaive  state  oy  the  methods  abore  described  ;  but  the  effect  is  not 
to  maricad  with  any  of  them  aa  with  iron.    (O  m.  i.  353—  362) 

A.  Jkvtbpmmt  of  Elfctricity  by  Combustion. 

Combustion,  like  all  other  forma  of  chemical  action,  ia  attended  with  disengage- 
ment of  electricity.  Voita  firat  showed  that  electricity  is  evolved  in  the  combnstion 
of  carbon;  and  the  pheoomcnon  was  aflerwards  more  completely  examined  by  PouiUet, 
whof'jund  Ibat  when  a  cylinder  of  charcoal,  of  good  conducting  piower.  is  set  ou  firo 
at  one  -nd.  then  placed  on  a  motal  pluto  communifating  with  a  condenj<er,  and  blown 
upon  to  keep  up  the  osmbustion  in  the  upper  part,  the  charcoal  dnd  the  metal  on 
which  it  rests  become  chai^ged  with  —  jB,  while  the  carbonic  anhydride  evolved 
exhibits  +  £i  as  may  be  shown  by  placing  over  it  a  metal  pkte  commuiiciiting  with 
another  condenser.  When  hydrogen  bums  in  fJic  iiir  or  in  oxygen  gas,  the  hydrogen 
liecomes  negative,  and  the  oxygen,  or  perhaps  the  vapour  of  water  formed  by  the 
combustion,  positive.  This  may  be  shown  by  means  of  an  insnliited  spiral  of 
platinum  wire  connected  with  a  condenser,  and  lield  first  in  the  middle  of  the  flame, 
afterwards  at  a  little  distance  fr>->m  it.     (PouiUet.) 

The  electric  phenomena  of  eoniljui!.tion  are  not,  however,  so  simple  m  wonld  appear 
fh>m  these  experiments,  especially  when  the  combnstion  takes  the  form  of  flame.  In 
fact,  they  are  complicated  by  thermo-elwrtric  effects,  to  such  an  extent  in  some  eases, 
that  many  observers  have  attributed  the  entire  effect  to  thermo-electric  action. 
Mr.  Grove  hn«,  however,  succeeded  in  showing  that  a  large  portion  of  the  electricity 
observed  is  really  duo  to  chemical  action.  Two  platinum  wire*  16  centimetres  long 
and  about  ^  millimetre  in  dinmefer,  are  each  eoiJed  into  a  helix  nt  one  end,  and  com- 
manicste  by  their  other  extremities  with  a  delicate  galvanometer.  One  of  the  coils 
is  placed  entirely  within  the  3'ellow  flame  of  a  spirit-lamp  urged  by  the  blow-pipe, 
near  the  apex  of  the  blue  flHme,  and  the  other  near  the  orifice  of  the  jet  of  air  at  the 
base  of  the  blue  cone,  or  root  of  the  flame,  the  two  coils  being  «ppHnttcd  by  a  distance 
of  S  or  6  centimetres.  The  helix  at  the  apex  of  the  blue  flame  ik  lusted  to  whitenen, 
while  the  other  reiniilns  at  a  eherrj'-red  heat  Under  these  ciri'Wiii>*tanees,  the  galvyno- 
meter  indicates  a  deviation  of  6**;  the  coil  near  the  orifice  a-^in^  like  the  xinc  or 
positive  metjil  in  this  kind  of  voltaic  conple  with  respect  to  the  other. 

The  effect  just  described  is  not  due  to  a  tbermo-eUctric  current  prodnced  at  the 
junctions  of  the  copper  and  platinum- wires,  for  it  is  not  altered  by  heating  one  of 
these  points  of  junction  with  a  spirit-lamp.  Neither  is  it  a  thermo-electric  current 
due  to  the  unet^ual  heating  of  the  two  coils;  for  its  direotton  is  not  changed  by 
moving  the  coil  in  the  yellow  flame  to  a  part  in  which  it  is  less  heated  than  the  other. 
If  the  coil  near  the  base  of  the  flame  be  brought  near  the  one  at  the  apex,  the  deflecti<m 
of  the  needle  diminishes;  but  its  direction  does  not  change  till  the  coils  are  brought 
Tery  near  fogetlur,  in  which  cose  the  flame-cnrrent  in  overpowered  by  the  thcrmo- 
cieotrio  current^  whose  direction  is  determinod  by  the  coil  which  is  most  heated. 

Whan  a  wire  of  zinc,  iron,  or  copp^^'r  is  imbBtifute<l  for  one  of  the  plutinum  wir«,  the 
current  is  stronger  when  the  oxidaTjIe  met.il  is  in  the  hottest  part  of  the  flame  and  the 
platinum  wire  at  the  base,  than  in  the  contrary  case,  probably  because  the  oxidnble 
wirea,  being  thicker,  produce,  when  introduced  into  the  hot  flame,  a  cooling  effect, 
which  fuciliuies  the  development  of  a  thermo-electric  current  in  the  same  direction  as 
tlie  current  due  to  the  chetnienl  nttion  going  on  in  the  flame. 

The  effrrt  may  be  greatly  intensified  by  uniting  the  action  of  these  two  currents. 
This  is  effected  by  forming  a  piece  of  platinum  foil  into  a  small  cone  about  a  centi- 
metre in  depth  and  width,  and  introducing  this  cone  suspended  in  a  platinum  ring 
into  the  fu'l  flame  instead  of  the  phitinum  coLL  The  little  hollow  cone  is  fille«i  with 
water,  which  is  renewed  from  time  to  time  by  means  of  a  pipette.  With  this  aminpe- 
meut,  a  current  is  obtained  capable  of  deflecting  the  galvnnometer  needle  20°  or  30^, 


with  I 


43ff 


ELECTRICITY. 


and  in  the  same  direction  as  in  the  preceding  experiments.  Wl>en  the  cone  iUf6 
vith  water  was  placed  at  the  base  of  the  flame  and  the  coil  at  the  apex,  the  derLilioo 
did  not  ex<»ed  6**. 

Tliesc  experiments  show  that  there  exiata  in  flame  an  electric  current,  not  of  thermo- 
electric origin,  and  such  that  the  platinum  at  the  haae  of  the  flume  plajs  the  part  of  the 
positive  metjU  in  the  circuit  which  it  forms  with  the  platinnm  at  the  apex.  (Or ore.) 

Mattencci  iittribnten  the  flame-current  to  the  same  mode  of  action  Aa  that  which 
takes  place  in  Grove's  ga»-battery.  In  fact,  in  tlie  urmnijomeata  abore  described,  one 
of  the  platinum  wires  ia  in  contact  with  the  combustible  matter  of  the  flame,  tu. 
hydrogen  or  Tupour  of  alcohol,  the  other  with  the  oxygen  of  the  air,  and  Wtwoea 
them  18  a  quantitj  of  aqueous  rapour,  the  particles  of  which  become  polariMdi  and 
■iiffer  electrolytic  decomposition  just  as  those  of  the  water  in  the  gas  battery ;  the 
direction  of  the  current  is  in  acwrdance  with  this  view,  the  platinum  immersed  in  the 
hydrogen  or  alcohol-vapour  acting  as  the  positive  metal,  A  similar  esmlanation  is 
applicable  to  the  development  of  electricity  in  th«*  combustion  of  charcoal.  Matteaod 
has  shown  that  when  pure  charcoal  bums  in  dry  oxygen  gas,  no  electricity  is  developed; 
but  when  the  combustion  takes  place  in  moist  air  or  oi^geo,  an  electric  current  if 

E reduced,  the  vapour  of  water  boing  as  before  the  electrolyte,  and  being  decomposed  by 
le  hot  charcoal,  just  as  the  water  in  an  ordinary  voltaic  eonple  is  decomposed  by  the 
xinc ;  ao  that  the  charcoal  becomes  charged  with  —E,  and  the  aqaeou<  vaponr  and 
carbonic  anhydride  with  -i-  K 


Chxkicai.  Erttxm  ov  tbs  Elbctric  CDHamNT.    ELicTaoLtsia, 

The  decomposition  of  chcmiciil  compounds  by  the  electric  current  has  been  »in$tllj 
considered  in  connection  with  the  disctuu^  of  friction  electricity  (p.  397),  and  with 
the  development  of  electricity  by  chemical  action  ;  but  there  are  several  important 
facfs  and  laws  relating  to  it  which  must  now  be  mora  ftilly  developed. 

When  an  electric  current  passes  through  any  compound  liquid,  the  elements  or 
radicles  of  that  liquid  (regarded  as  a  binary  compound)  are  separated  and  transferred 
in  opposite  directions,  the  one  following  the  direction  of  the  positive,  the  other  that 
of  the  negative  electricity,  and  the  septtratton  going  on  continuoosly  as  long  as  the 
COrrent  is  kept  u|i.  The  eeparatioii  and  trauiifL-reiice  of  the  elements  takes  pl:ice  in 
the  same  manner,  from  whatcTer  source  the  t-lectricity  may  be  derived  ;  but  they  art 
exhibited  moflX  conispicaously  by  voltaic  electricity. 

This  mode  of  decomposition  u)  called  Electrolysis  ( 9^«rrpor  and  Xvcv);  ths 
componud  decomposed  is  an  Electrolyte;  and  the  extremities  of  the  m^^talUe  or 
oiherconductors  by  which  the  current  enters  the  liquid  are  called  Electrodes  (<fX«fT^a» 
and  SBol).  They  were  formerly  called  polfg,  but  the  term  electrode  is  preferable, 
heeanse  less  theoretical,  a  polo  being  usually  understood  as  a  centre  of  force,  aa  in 
fact  the  metallic  terminals  of  the  voltaic  battery  were  regarded  in  the  earlier  days  of 
the  science. •  The  electrodes  are  in  moat  cases  surfaces  of  metal,  but  they  mav  also  he 
surfaces  of  liquid  or  even  of  air,  as  in  the  decompositioas  by  friction-electricity  aeaerihed 
at  p.  397. 

Those  elements  or  radidea  which  follow  the  direction  of  the  current  of  poaitivs 
electricity,  and  art- evolved  at  the  negative  electrcide,  are  called  electro -positiv« 
bodies;  such  are  for  the  most  part  hydrogen,  themetnls,  and  basic  radicles  in  general: 
those  which  travel  in  the  direction  of  the  current  of  negative  electricity  and  are 
eliminated  at  the  positive  electrode,  are  called  electro-negative  bodies;  such  an 
oxygen,  chlorine,  iodine,  c^-anogen,  aud  acid  radidesin  general.  It  most  be  understood, 
however  that  the  elfctric  relations  of  elements,  like  tb©  purely  chemical  relations  of 
acid  and  base,  are  nnt  absolute,  but  vary  according  to  the  combination  in  which  they 
exist ;  an  element  which  is  electro-positive  in  one  combination  may  be  electro-negatirs 
in  another. 

When  two  platinum  plates  or  wires  connected  with  the  poles  of  a  voltaic  battery,  of 
not  less  than  three  pairs,  are  pimiged  into  water  acidulated  with  sulphuric  acid,  to 
increase  ita  conducting  power,  streamB  of  gas  are  evolved  from  the  liquid  at  the  sur- 
faces of  both  the  platinum  t-erminals  —  hydrogen  from  that  which  is  connected  with 
the  negative,  oxygen  from  that  which  is  connected  with  the  positive,  pole ;  and  if  the 
CBsea  are  cfdlected  in  jteparale  tubes  placed  over  the  platinum  terminals,  the  hydrogen 
ts  found  to  occupy  twice  the  volume  of  the  oxygen.     The  quantity  of  thsM  | 
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«rDln>d  in  a  giTen  time  seires  u  a  mpaBnpe  of  tb«  chemical  po««r  of  the  l>att«rv : 
beoM  an  apparatiu  air^uiged  for  decoTDpoamg  water  in  tbia  manner  and  meaintring  fhe 
^uantitjea  of  gas  obuined  is  calledaVoUaineter.   Fig-  420  repreaenta  a  roltameter  for 
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mneeting  (he  pwea  in  separate  toben;  fyt.  421, 422,  roltametcta  in  which  thpy  arecoN 
l0et«d  in  the  same  tube:  the  latter  ia  generally  the  more  conrenient  form  of  meaimn^' 
ment,  beoiiuie  a  liirper  quantity  of  gaa  ia  collected  in  a  given  time ;  but  when  panieular 
accuracy  i«  required,  it  la  beat  to  collect  the  gaaea  separately,  and  meaaure  only  the 
bydrogen,  because  the  oxygen  is  somewhat  more  rapidly  abaorbed  by  the  water. 

When  hydroehlorie  acid  is  antgected  to  the  action  of  the  battery  with  ptatinum 
deetrodes,  hydixwen  ia  evollred  atthe  negatiTc,  and  ehlonce  at  the  poaitire  electrode ; 
but  with  copper  eTectrodea chloride  of  copperla  formed  at  the  Utter.  I  o  d  i  d  e  o  f  po  ta  s- 
ainm  ID  aqueous  solution,  with  ptatinum  electrodes,  yields  iodine  at  the  poaitive,  and 
potassium  at  the  negattva  electrode,  the  potamnum  not  howerer  being  separated  in  the 
metallic  st«te.  but  decomposing  the  water;  bo  fhnt  hydrojrcD  is  evolved  and  a  solution 
of  pot^b  is  formed.  Aqueoua  sulphate  of  sodiuin  (Na^O^)  yields  in  like  manner 
aodium  at  the  negativp,  SO'  at  the  positive  electrode,  fiie  Bodiiim  lieing  converted  into 
aodn,  with  elimination  of  hydrogen,  the  SO*  into  Bulphuric  acid  (H'.SO*)  with  elimina- 
tion of  oxygen.  Aqueous  sulphate  of  copper  (Cu'SO*)  yiulda  metallic  copper  at  the 
nesative,  and  Bulpdurio  acid  nt  the  positive  electrode. 

Fnaed  iod  ide  of  lead  yields  iodine  at  the  positive,  lead  at  the  negative  electrode; 
other  foaed  chloride*,  bromides,  and  iodides,  yield  similar  resolts. 

It  ia  only  at  the  surfai^  of  the  electrodes  that  any  signs  of  decomposition  ara 
apparent;  the  intermediate  portion  of  the  liquid  appears  perfectly  quiescent;  nererthe- 
lesa  this  portion  forms  part  of  the  circuit  along  which  the  current  passes,  and  must 
therefore  be  sulject  to  its  influonce  ;  uide<Kl,  if  we  regard  the  current  an  u  succession  of 
iDolecular  charti^s  and  discbargm,  taking  place  throughout  the  circuit  (p.  404),  every 
Btoleeola  of  hquid  between  the  elwtrodpM  must  experience  a  snocession  of  these 
aetiona.  The  non-appeanuice  of  any  ch&Age,  except  at  the  electK>defl,  ia  explained  aa 
follows : — 

Suppose  the  electrolyte  to  he  hydrochloric  acid.  A  rowofita  molecules  situated 
between  the  electrodes  p  n  {fiff.  423)  becomes  jwlarisod  by  the  action  of  the  battery, 
the  cyorine-atoms  (denoted  \^  the  dark  half-oirclea  in  the  figure)  taking  a  negative 
charge  and  turning  towards  the  positiva  electrode,  while  the  hydrogen -atoms  (the 
light  half-circles)  take  a  positive  cburge  and  turn  towards  the  negatire  electrode, 
"^lien  this  state  of  tension  has  reached  a  certain  limit  dischtirge  takes  place  alon^ 
the  whole  row  of  particles,  the  chlorine  of  each  molecule  padding  on  to  the  hydrogen 
of  the  one  on  its  left:  whence  it  foUows  that  an  atom  of  chlorine  is  left  free  at  the  positire, 
and  an  atom  of  hvdrogen  at  the  negative  electrode,  and  the  remaining  atoms  arrange 
thanselTss  as  shown  m  the  second  line  of  the  diagram.  The  same  process  is  then 
repeated  ;  these  moleculeR  become  polarisM  like  thosii  of  the  first  row,  turning  their 
chlorine-atoms  to  p.  tind  th<?ir  hydrogen -atoms  to  n,  and  wh»'n  the  tension  baa  reached 
a  certain  height,  discharge  jigain  takes  place,  a  second  atoni  of  chlorine  being  evolved 
at  p,  und  a  hydrogen  atom  at  n ;  and  in  this  manner  the  action  ia  continued,  nochanga 

voi.  n.  ¥  f 


4a4 


liL£CTIUClTY. 


being  appju^ot  in  tha  in  terra  wHnte  molecules,  boctiase  one  molecale  of  hydrochloric 
■eid  ia  euctlj  like  another.    Tbe  deconipofliUon  which  goas  on  in  b  liquid  subjected 

Fiff.  423. 

»  ^  3  3  3    /, 

to  the  sehon  of  the  battery  is,  in  fact,  exactly  fhe  same  aa  that  vhich  takes  plaee  lo 
thr  oelk  of  the  b«tteiy  itself,  as  already  eipluioed  (p.  419). 

A  similaz  explanation  applies  to  every  cuik*  of  tbe  decomposition  of  a  single  plectro- 
lyte.  Moreorer,  the  sami»  interchange  of  ntonu!  may  fake  phico  between  two  or  more 
liquids,  placed  between  the  same  electrodfts  snd  connected  together  by  colnmna  trf 
liquid,  as  hv  aiphon-tubes  filled  with  water,  or  by  moirteood  bundles  of  cotton  or  »• 
bestos,  as  anown  infy*.  424,  425,  426,  or  sepamted  by  porous  diaphmgrna.     Suppose 
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for  example,  the  poritive  (■lectrode  to  be  immersed  in  a  solution  of  nitrate  of  p 
Knd  the  negative  in  a  solutioa  of  chloride  of  eodinm,  the  two  liquids  being  aen. 
ratfd  by  a  partition  of  bladder,  Tegetable  parehnjent,  or  porous  eartheuwan.  A  tenet 
of  molecnlea  between  the  ele<;trodea  may  bo  thus  represented  : 

p    NO*|K    NO'K    NO»K    ClNa    ClNa    Cl[Na    n. 
12  3  4  6  6 

IJie atoms  arc  then  transferred  in  opposite  directions  in  the  mamner  aboTe  desmVd 
thfl  atom  NO"  in  I  being  in  the  first  instance  evolved  at  j>,  and  the  atom  of  Na  in  d 
at  n.  At  the  same  time,  the  K  in  1  is  tranaferred  to  the  NO*  in  2,  the  K  in  2  to  tbt 
KO*  in  3,  the  E  ID  :J  to  the  CI  in  4.  the  Na  in  4  mid  £  to  the  CI  in  5  and  6,  Te^eedTalji 
BO  that  the  new  arrangement  ia  — 

p    NO»|K    NO»K    CIK    ClNa    Cl|Na    n. 

The  action  is  then  oontinued  n  the  same  manner,  the  BUceeaaiTe  ateps  of  the  deooD* 
position  being  represented  as  foUows : 

p  NO»|K    CIK    CIK    CllNa  n 
a|K    CIK    CIIK 
ClIK    CIIK 
C1|K. 

In  tliia  naDaer,  both  the  add  radiclea  are  tnna&rred  to  the  positiTe  and  both  the 
basie  radicles  (metals)  to  the  negative  electrode. 

The  same  transference  of  atoms  in  opposite  directions  takes  place  with  any  namher 
of  Bolations,  all  the  acids  ultimately  reiiching  the  positive,  and  all  the  hues  tiie 
negative  electjodo,  provided  all  the  compounds  formed  by  the  several  interchanges  of 
molecules  axe  soluble:  but  if  an  insoluble  eompoand  is  formed,  it  falls  to  the  bottom, 
w  removed  from  the  sphere  of  action,  and  ita  elements  are  not  oanied  any  farther. 
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ThnB  v1i«B  •  floktlon  of  eulphato  of  potusium  u  placed  in  contsct  with  the  native 
alcetvode,  dutiJled  water  at  th«  paoitiTe  electrode,  and  a  aolutioo  of  eaoatic  baiTta 
betwMD  t.h«m  (fig.  425),  do  ralphurie  add  ia  traiuferred  io  the  positive  electrode,  bat 
a  prpcipitato  of  Btilphate  of  hariam  i»  formed  in  the  middle  bqoid.  Similarly  with 
chloride  of  barium  in  the  poaitive  Teasel,  water  in  the  negatiTfl^  and  sulphate  of 
potaa«ium  in  the  ntiddle,  pota«h  00011  appears  in  the  oegatiTe  reMol,  aod  a  pr«dpitat« 
of  sulphate  of  barittm  is  formed  ia  the  middle  vmsoI  ;  but  no  barTta  ia  traniferred  to 
the  Dt^tire.  or  Bolpharic  acid  to  tho  pKiaitire  electrode.  When  chloride  of  toriuro  ia 
placed  io  the  negatire  Teasel,  mlphate  of  silver  in  the  middle,  and  watsr  in  the  positiv* 
ftmtli,  thus 

p    0H»    SO«Ag»    CTTJa*    % 

nldaiirie  arid  makea  its  appearance  ait«r  a  while  in  the  poaitive  veoaal,  and  a  pre- 
apitata  of  chloride  of  silver  is  formed  in  the  middle. 

Rdaiion  bfiwem  Dra^mpotition  and  Conditction. — From  the  manner  in  which 
eleetroljtic  decomposition  takea  place,  it  is  manifestlj  dependent  on  that  tm- 
dom  of  motion  among  the  moleculea  of  a  body  which  is  found  only  in  the  liquid 
BtatCL  On  the  other  hand,  the  transference  of  atoms  in  opposite  directions  ia 
■a  oaariTitfiiil  conditioii  of  the  passage  of  elpctrici^  through  compound  liquids; 
the  wriea  of  discharges  between  conti^ous  molecules,  which  in  solid  couductora 
takes  place  without  permanent  di^Iodgement  of  the  atoms,  is  in  the  electrolyte 
Maentially  connected  with  the  Lnterchange  of  the  constituent  atoms.  Many  oxides, 
chloridps,  and  salts  of  Tarious  kinds.  e,g.  potash,  protoxide  of  lead,  the  chloridea  of 
the  alkali-  and  earth-metals,  sulphide  of  antimony,  sulphide  of  potnssinm,  chlorate  and 
nitrate  of  potassium,  borate  of  lead,  &c.  &c.,  which  resist  the  passage  of  the  voltaic 
cvrrent  whiJe  in  Ihe  solid  nlate,  condact  and  sufiVr  dt'cnniposition  when  fused ;  whereas 
Other  compounds,  f.  <7.  iodide  of  sulphur,  stannic  iodide,  orpiment,  realgar,  glacial 
acetic  acid,  caffeine,  spermaceti,  camphor,  &c..  neither  conduct  nor  are  deeompoaed 
when  melted.  The  same  is  true  of  stannic  cMonde,  chloride  of  arsenie,  and  hydrated 
chloride  of  anenic,  which  are  liquid  at  common  temperatures.     (Faraday.) 

There  is  an  apparent  exceptinn  to  this  law,  with  regard  to  water  and  certain  other 
liquids,  which  appear  to  conduct  feeble  currcuta  of  electricity  without  nndergoing  de- 
composition. Thus  Faradav  found  that  when  acidulated  water,  solution  of  sulphate  of 
sodium,  fused  nitre,  fused  chloride  of  lead,  fused  chloride  of  silver,  or  fused  iodide  of 
lead,  was  placed,  together  with  solution  of  iodide  of  potassium,  in  the  circuit  of  a  single 
pair  of  sine  and  platinum  plates  excited  by  dilute  acid,  the  iodide  of  potassium  was 
decomposed,  but  not  the  other  electrolyte,  which  therefore  appeared  to  conduct  with- 
out  decomposing.  According  to  Jacob i  aJbo,  the  current  of  a  single  pair  does  not  de* 
compose  water,  and  yet  produces  deflection  of  the  galvanometer.  If  tho  current  of  m 
ten-pair  battery  be  weakened,  by  the  interposition  of  a  long  thin  wire,  to  such  a  degree, 
that  it  produces  the  same  deflection  of  the  gaJvannmeter  needle  as  the  current  of  a 
single  pair,  it  likewise  appsan  to  pasa  through  water  without  producing  deeom' 
position. 

This  passage  of  feeble  currents  through  electrolytes  without  decomposing  them, 
appears  at  flist  sight  to  be  at  variance  with  the  law  of  definite  electrolytic  action 
(p.  438).  The  anomaly,  however,  is  only  apparent.  It  is  true  that  no  gas  is  obtained 
when  a  feeble  current  is  passed  into  acidulated  water  by  means  of  platinum  plates  ; 
Berertbeless  the  water  is  decomposed,  but  so  slowly  fbut  the  oxygen  and  hydrogen 
gmMS  liberated  on  so  large  a  sniuoe,  partly  lorround  it  as  an  envelope,  and  are  partly 
ahserfaed  by  the  water.  The  decomposition  may,  however,  be  made  apparent  by 
placing  the  apparatus  under  an  eihaitoted  receiver,  the  ga»cD  then  making  their  ap- 
pearance on  the  surface  of  the  plates.  Another  mode  of  rendering  decomposition  by 
feeble  currents  visible  is  to  reduce  the  surface  of  one  of  the  electrodes.  Thus,  if  one 
of  the  electrodes  consists  of  a  platinum  plate  and  the  other  of  a  fine  platinum  wire 
covered  with  glaas  op  to  its  very  point,  gas  is  evolved  from  the  sorfaee  of  this  wire^ 
partly  because  there  is  no  surface  to  which  it  can  attach  itself^  and  partly  periups 
becAoae  the  large  surface  of  the  other  electrode  intessifles  the  polarisation  of  the  metal 
point,  and  of  the  particles  of  electrolyte  in  contact  with  it,  just  as  a  metal  plate  or  the 
extended  hand  does,  when  held  before  a  pointed  rod  inserted  into  the  conductor  of  an 
electrical  machine  (p.  389).  The  evolution  of  gjw  from  the  wire  ceases,  however,  af*«r 
a  short  time,  but  may  bo  renewed  by  increasing  the  surface  of  the  other  electrode, 
or  by  rpversing  the  current,  which  destroys  the  pokrisation  of  the  electrodes  (p. 
429). 

Secondarj-  products  of  Blcctroljals.  It  is  but  rarely  that  both  elements  of  an 
electroMe  nre  sepamted  (it  the  electrodes  in  the  fipee  state,  one  or  both  of  them  frequently 
•nteriog  into  some  new  combinatioo,  either  with  subclaiiees  contained  in  the  solotion, 
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or  with  the*  dectrodMi  tbcmselres.  IiutaBiws  of  this  Befondnrj  action  bate  been 
already  notic<*d  in  dpoaking  of  th«»  e!«;tro!yitiB  of  nilphato  of  sodiam  and  other  a&lti. 
andmanyothcrBiTiRy  bftgiTen.  In  a  mixture  of  hydrochloric  and  hydr  iodic  acid« 
nothing  bat  iodine  wotdd  be  eTaked  at  the  poaitive  el#et«>de,  becatisc,  though  both 
acids  might  bo  deoompoeM  at  once  by  the  current,  the  chlorine,  aa  soon  as  liberated, 
vould  docompooe  another  portion  of  the  hydriodic  acid,  combiDing  with  the  hydnges 
And  liberating  an  eqaivalent  quantity  of  iodine. 

Wheti  an  aqueous  solution  of  acetate  or  nitrate  of  lead  i^  electrolysed,  metallic 
Iwul  i»  deposited  on  the  negative,  and  peroxide  of  lead  on  the  positiTe  electrode,  tha 
latter  being  formed  by  the  action  of  oxygen  aepanited  from  the  water  on  the  lead  in  tha 
■olntion ;  accordingly  the  quantity  of  oxygen  gas  evolved  at  the  positire  electrode  ia 
considerahly  le«a  than  in  a  Toltameter  included  in  the  sunie  circuit. 

Aqueousammonia  yields,  by  electrolysis  with  platinum  electrodes,  pure  nttlogeB  at 
the  positive  and  hydrogen  at  the  negative  electrode,  the  volutne  of  tne  latter  being 
three  or  four  times  gnater  than  that  of  the  former.  The  gases  are  not,  however, 
evolved  by  the  direct  action  of  the  current ;  for  the  proportion  of  nitrogen  la  not 
constant,  bat  varies  with  the  ntrength  of  the  aolntion,  whereas  the  volume  of  hydrogea 
evolved  is  exactly  equal  to  that  in  a  voltameter  included  in  the  same  circuit :  whence 
it  appears  that  the  water  of  the  aqueous  ammonia  ia  decomposed,  by  the  current, 
and  the  nitrogen  evolved  at  the  positive  electrode  resnlta  from  the  decompositioD 
of  the  ammonia  by  nascent  oxygen,  with  which  indeed  it  is  often  mixed  to  a  amsll 
amount. 

Nitricacld  yields  oxygen  at  the  poeitive  electrode,  in  quantity  equal  to  that  in  a  vol- 
tameter  in  the  same  circuit ;  no  gas  is  evolved  at  the  negative  electrode,  but  the  nitriij 
acid  ia  there  reduced  to  nitrous  acid  and  nitric  oxide,  which  colour  the  liquid  yellow 
or  red.  This  result  is  due,  nartly  to  the  electrolysis  of  the  water,  the  hydrogen  from 
which  reduces  the  nitric  acid  at  the  negative  electrode,  partly  to  the  direct  deoomposi* 
tion  of  the  nitric  acid  itself,  into  NO'  and  H.  the  NO*  being  transferred  to  the  poriUvii 
electrode,  where  it  decomposes  -water,  reproducing  nitric  acid  and  eliminating  oiygea. 
In  consequence  of  this  action,  the  strength  of  the  acid  increases  around  the  prntive 
electrode. 

The  substances  eliminated  ftotu  a  solution  by  the  action  of  the  current  sometimfa 
enter  into  combination  with  the  electrodes.     This  is  especially  the  ease  when  tJia 

Sositive  electrode  is  formed  of  an  oxitlable  metsl ;  thw,  when  acidulated  water  is 
acomposed  with  a  plate  of  copper  or  iron  for  the  positive  electrode,  no  oxygen  is 
eTolvea,  but  the  metal  dissolves  in  the  acid.  On  the  other  hand,  when  tiie 
negative  electrode  is  coated  with  a  metallic  oxide,  especially  with  a  peroxide  (sach 
as  MnO  or  PbO),  the  hydrogen  reduces  this  oxide  and  forms  water.  Actions  of 
this  kind  taking  place  at  the  electrodes  greatly  assist  the  decomposition,  by  inducing 
a  polarisation  of  the  molecutea  of  the  electrolyte  in  the  same  direction  as  that  in- 
duced by  the  action  of  the  battery. 

Becquerel  {7Vari<!  de  C Elect nciti  et  du  Maffnitifjne,  1835,  torn.  iii.  pp.  294 — 330), 
by  exposing  different  aolutions  to  the  action  of  feeble  elf»ctric  currents  with  electrodes 
of  various  nature,  has  obtained  many  metallic  compounds,  via.  oxides,  anlphides, 
iodidtw.  &c.,  and  even  the  sulphate  anf!  carlxvnafe  of  barium,  in  regular  oystals^ 

Organic  oompnuTtdj  subjected  to  electrolyaia  yield  numerous  secondaiy  prodocta  A 
solution  of  acetate  of  potaasium  divided  into  two  parts  by  a  porous  diapfanign,lo 
prevent  the  mixing  of  the  gases  evolved  at  the  two  electrodes,  yields  pore  hydngea, 
together  with  potash,  at  the  negative  electrode,  and  at  the  ponjtive  (if  of  platinum)  a 
mixture  of  carbooic  anhydride  and  methyl-gas,  with  a  small  quantity  of  oxide  at 
methyl : 

C«H*0»  »  C0«  +  CH»  +  H. 

"Wb  may  suppose  that  the  acetic  acid  is  resolved  by  the  current  into  H  and  CHK)*, 
the  latter  then  splitting  up  into  CO*  and  CH*.  Other  acids  of  the  adipie  series 
C*HM)^  are  decompoaed  in  a  similar  manner,  the  general  formula  of  the  decompoei' 
tion  beiag 

OIP'O'  =  C0«  +  C"-'H«»-»  +  H. 

An  ajqueous solution  of  ethy  Isnlpha  te 0 f  po I aasiam  yields,  at  the  negative  elecfrods 
po*^a»h  and  hydrogen,  and  at  tho  positive,  ethyknlphnric  acid,  which,  if  the  poriti« 
electrode  is  formed  of  Braalgamated  zinc,  forms  ethylsxJphate  of  zinc,  but  if  the  poaitivs 
electrode  is  of  platintini,  is  resolved,  partly  by  oxidation,  into  carbonic  anhydride,  alde- 
hyde, and  aulphnrie  acid,  Amylsulphateof  potassium  with  platinam  electrodea 
yields  potash  and  hydrogen  at  the  negative  electrode,  and  at  the  positive,  free  sulphuric 
aeid  and  oxygen,  with  au  odour  of  valeric  acid.     Amyjphosphate  of  potae!»ium 
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yield*  in  like  manner,  at  the  positive  ek>ctrod^,  oxjgen,  carbonie  acid,  and  phoaphori'? 
add,  with  an  odour  of  vaJeric  or  butyric  acid.     (Guthrie,  Cbem.  Soc  Qu.  J.  Li.  131.) 

Igctfoljttc  redoetlon  afMetala.  All  metaLi  ma;  be  r«duced  hy  clecrrolyaia 
from  one  or  other  of  their  compoonda,  either  in  the  ftiaed  atate  or  in  aqneoua  eoiutioa. 
Sereral  examples  of  theae  reductions  hare  alreadv  been  mentioaed.  The  ieas  oxidabla 
nctala,  aueh  as  copper,  lead,  tin,  and  other  noble  metala,  are  reduced  from  the  aolu- 
tioBi  of  their  aalta  with  the  atmoot  esae,  even  by  the  current  of  a  single  pair.  Indeed, 
as  explained  at  page  420,  erery  predpitation  of  one  metal  by  another,  such  aathat  of 
eoj^MT  by  iron,  lead  and  tin  by  ainc,  ailrer  by  copf»er,  &&,  ta  an  example  of  electro- 
lytic d«compo«ition>  The  electrotype  process  and  the  procesace  of  electro-Ailrering  and 
d«etro^ding  also  belong  to  the  same  order  of  phenomena.  For  the  details  of  theaa 
ftwmm.*  ve  must  refer  to  Ure's  Dictionary  of  ArU,  Manufactures,  and  Mines, 
artido  EuKTrso-HBTAxxuiuiT. 

The  electrolytic  process  is  also  naed  for  the  det^^ctlon  of  metals  in  toxicological  in- 
Testigationa,  &c  It  has  long  been  applied  to  the  detection  of  small  qujuititiee  of 
mercury,  a  thin  plate  of  ^Id  being  osea  as  the  n^gatire  cleetrodc^  fo  that  the  mercury 
may  form  an  amalgam  with  it.  In  IB60,  Gaultier  de  CUubry  (J.Phurm.  [3]  rvii. 
126;  Chem,  Soc  J.  ii  ie7>  proposed  its  applicatbn  to  the  detection  of  other  metals, 
f.p,  arsenic,  antimony,  leaa,  copper,  sine,  &c.,  and  more  recently  fit  ox  am  {ibid.  liii. 
14)  haa  applied  it  to  the  detection  of  arsenic,  a  solution  of  arsenious  acid  acidulated 
with  snlphnric  or  hydrochloric  acid  and  deconipo»ed  by  the  electric  current,  giviug  off 
the  greater  part  of  its  axaenlc  as  arsenetted  hydrogen  (l  36*2). 

The  reduction  of  the  more  ozid&ble  metala  n-quirea,  for  the  most  part,  more  powerful 
mnenta  and  peculiar  airangementa,  to  prevent  the  recombination  of  the  metal  with 
the  oxygen,  ccdorine,  or  other  element,  £rom  which  it  has  been  set>arated,  and  at  the 
aame  time  to  concentrate  the  force  of  the  current  at  the  point  of  reouction.  Thfi  latter 
object  may  be  effected  by  reducing  the  negative  electrrae  to  a  fine  point,  and  giving 
the  positive  electrode  a  considerable  surface,  as  already  described  with  reference  to 
the  decomposition  of  waiter  by  feeble  currents.  Bunsen  finds  that,  with  a  given  bat- 
terjr  power,  the  reducing  force  of  the  oorrent  Taries  nearly  in  the  inverse  ratio  of  the 
tranerene  section  of  the  electrode  at  which  the  reduction  takee  place.  Thus,  m  cur 
rent  of  constant  atrengtb  passed  through  an  aqueous  solution  of  see^nichloride  of  chro- 
mium, eliminatea,  as  the  cross  section  of  the  negative  electrode  is  diminished,  hydrogen, 
chromic  oxide,  diromcns  oxide,  and  finally  metallic  chromium^  (P^KK-  Ann.  zci.  613.) 

It  was  by  ao  arrangement  based  on  this  principle,  and  with  the  aid  of  a  powerful 
batt<<ry,  that  Davy  succeeded  ia  isoUting  the  metric  bases  of  the  alkalis.  Thus,  to 
rtviuee  potassium,  hydrate  of  potaaaitun  contained  in  a  platinum  oapsalewas  moistened 
with  a  small  ooantity  of  water,  and  brought  in  contact  with  the  end  of  a  platinum 
wire  connected  with  the  nt-gative  pole  of  a  powerM  voltaic  battery,  the  positive  pole 
of  which  was  connected  with  the  capeole.  Potassium  then  eoUeeted  rouud  the  wire  in 
small  metallic  globules,  most  of  which,  however,  ook  fire  in  the  air,  and  were  tvcon- 
xeittd  into  caustic  potash.  By  making  a  hoi  e  in  the  tum  p  of  by  drate  of  potassium,  fi  li  ing 
it  with  merconr,  and  dipping  the  negative  wire  into  the  mercury,  the  reduction  is  much 
more  easily  effected,  the  potassiom  forming  an  amalgam,,  fivm  which  the  mercury  m»y 
•ftorwds  b«  removed  by  distiUation.    The  reduction  of  aoditim  is  effected  by  similar 


Bmnum  may  be  obtained  by  subjecting  the  chloride  mixed  up  to  a  paste  with  water 
and  a  little  hydrochloric  add,  at  the  temperature  of  100'*  C-,  to  the  action  of  the  electric 
current,  using  for  the  negative  electrode  an  amalgamated  platinum  wire,  A  crystal* 
line  amalgam  is  thus  obtained,  from  which  tht>  mercury  may  be  distilled  off  in  a 
stream  of  oydrogen.  8trontiwn  may  be  obtained  in  a  similar  manner  \  also  caleiuni, 
though  lees  easily,  because  the  point  of  the  vw  becomes  covered  with  A  crust  of  limov 
which  inloTupts  t  he  current.     (Bunsen,  Pogg.  Ann.  xci.  619.) 

Some  of  the  alkali-  and  alkaliae-earth-metala  form  fusible  chlorides,  from  which  the 
metals  are  easily  obtained  by  electrolysis, 

liMtwai.may  be  reduced  by  subjecting  it*  chloride,  fused  orer  a  spirit-lamp  in  a 
■maU  porcelain  crucible,  to  the  action  of  a  Bunseu's  battery  of  four  to  six  celts.  The 
positive  electrode  is  formed  of  a  small  splinter  of  gas-coke,  and  the  negative  of  an 
UOO  wire,  about  as  thick  t%A  a  knitting-needle.  After  a  few  seconds,  a  Hiuall,  siiver- 
vfaite  regultw  is  formed  round  the  wire,  und^r  the  fused  chloride.  It  may  be  lifted 
ont  of  the  fused  mass,  together  with  the  wire  electrode,  by  meAns  of  a  small  flat 
iron  spatula,  the  wire  withdrawn  with  the  utiil  melted  metal,  which  is  protected 
from  oxidation  by  a  coating  of  chloride  of  litbiain.  and  the  metal  removed  from  the 
spatula  by  a  pen-knife,  after  having  been  cooled  under  rock-oiL  These  opemtions 
may  bo  repeated  every  two  or  three  minutce,  and  thus  an  ounce  of  the  cMoiids 
reducad  in  a  very  iiliort  time.    (B no s  en,  /oc.  cit.) 
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Strontium  is  likewise  obtained  Prom  the  fi«*d  chloride.  A  gmiill  popcelain  crnaTil^ 
having  a  porous  wJl  in  the  middle",  ia  filled  with  anhydrona  chloride  of  strontiuai, 
mixed  with  u  little  Bal-ammaniuc,  the  level  of  the  salt  within  the  cell  bcin^  ccttui* 
derably  higher  than  in  the  crucible,  The  negative  electrode,  which  is  placed  withia 
the  poroufl  celi,  consist*  of  a  veq-  thin  iron  wire,  wound  round  a  thicker  one,  and  tbeo 
covered  wnth  a  piece  of  tobacco-pipe  Htem,  so  that  only  ^  of  an  inch  of  it  appear*  below ; 
the  positive  ele^-troiie  ia  an  iron  cylinder,  placed  in  the  cmoible  round  the  porous  cell 
The  heat  18  rpgulated  during  the  experiment,  so  that  a  cniat  may  form  in  lie  cell 
The  metal  then  collecfa  under  this  crust,  without  ooming  in  contact  with  the  aides  of 
the  crucible.  By  this  method,  pieces  of  the  metal  weighing  half  a  gramme  aro  MOfr- 
times  obtained.     (Matthieasen,  Chem,  Soc.  Qu.  J,  viii.  107.) 

Barium  may  be  reduced,  in  like  manner,  fi\)m  the  chloride,  bot  only  aa  a  metiillie 
powder ;  and  calcium  from  a  mixture  of  2  at.  chloride  of  calcium,  1  aL  chloridg  at 
(trontiom,  and  a  little  nul-ammoniac.     (Mntth ieaaen.) 

Magnesium  ia  leparated  from  the  fiiHcd  chloride  as  follows  : — A  porcelain  eridUs 
{Jig.  427)  is  divided  in  half  in  its  uppiT  part  by  a  vertical  diaphragm  (mnde  out  of  a 

til  in  ])orcelaui  crucible-cover,  and  fitted  with  a  lid 

Fiff.  427.  filed  £rom  a  tile),  thxoogh  which  the  extrenuties 

f^^^^rwn^-:  (Q  f^  of  tine  eleotrodM,  mado  of  gu-oofce  or  £nnMn'« 

(||S^_^JP^  JlLlll  ahatvoal(L760)yan!introdQcediiitoth»twohaim 

of  the  crucible.    The  crucible  ia  then  heated  to 
rednesii,  together  widi  the  cover  and  the  alectrodc^ 
,    .n^_  /  ■  /  ■         filled  with  fused  chloride  of  magnesiun,  and  snb- 

\ilj^f  /  J  /Jl        jected  to  the  action  of  a  10-pair  Bunsco'a  batUiy. 

The  lu'ijrutive  electrode  is  cut  like  a  saw,  so  that 
the  niiignesium,  as  it  Bepmrates,  may  lodge  in  ths 
cavitie.ii,  and  not  float  on  the  surface  of  the  speo> 
fically  heavier  liquid  (Bunaea,  Ann.  Cb.  Phazm. 
IxxxiL  137.)  AccordingioMatthieasen(Chea. 
8oc,  Qu.  J,  viii  107  X  the  metal  may  be  much 
more  easily  obtained  from  a  ftuied  mixture  of  4  at  clilo'rido  of  magnesium  and  3  at 
chloride  of  potaesium.  with  a  little  sal-ammoniac;  the  cutting  of  the  negative  electrode 
luny  then  be  diBpensed  witli,  us  the  mettil  ia  heavier  than  the  fused  anlL  A  stm|>U 
niiMle  of  effecting  the  rtHluctioci  is  to  fuse  tlie  mixture  in  a  cummon  day  tobacco-pipe 
over  ft  lump,  the  nep-ative  cli-diTKic  biding  formed  of  an  iron  wire  passed  Qp  the 
pipe-stem,  and  the  pcsitire  of  a  piece  of  gas-coke,  just  touching  the  sorfaoe  of  the 
fiued  chlorides.     (Ma tthiessen). 

Aluminium  may  be  obtained  by  Bimilar  methods  from  the  fbsed  chloride  of  alami- 
niuni  and  »odinm.  Bat  aa  this  fult  fiisea  iit  a  very  moderate  heat,  at  which  the 
aliitniiiium  dooa  not  fuse,  Ymt  separates  as  a  powder,  pulverised  chloride  of  aodinm 
should  be  gradually  added  during  the  reduction,  in  sulEcient  quantity  to  raias  the 
temperature  nearly  to  the  melting  point  of  silver.  The  alumimum  then  sepaMtc*  ia 
larae  metallic  globules.     (Bunaeo;  Deville.)  ^^^^ 

For  the  reduction  of  cert^ttn  melalB  fiwm  solutions,  Bunaen  arranges  the  deev^^f 
posing  cell  as  follows: — The  positive  electrode  is  formed  of  the  inner  ooncaTs  tnsw^^m 
of  a  chiuvoul  cmcible,  filled  with  hydrochloric  acid  and  standing  within  a  poreel^       ' 
cmcible.     The  liquid  to  bo  decomposed  is  contained  in  a  nn&U  porous  cell  standing  in 
the  carbon  crucible,  and  the  negative  electrode  is  formed  of  a  wire  or  narrow  stnp  of 
platiniim  dipping  into  the  liquid.     The  whnlp  ig  heated  over  the  water-bath.     A  e«jD- 
•entratod  solution  of  chromic  or  manganous  chloride,  subjected  in  thia  mxinner  to  the 
•odon    of  a  4-pair    Bunsen's  battery,   quiokly  yields  large  lumpe  of  the 
^Mmicallj  pore. 

Law  of  LrfiniU  neciroltftie  Action. 

¥$auiiLy  first  demonstrated  the  important  law  that:  Tht  quaniiiy  of  am 
dtcompotird  btf  the  electric  current  is  amtiant  for  a  ffive»  guantttj/  cj 
Suppose  a  number  of  voltumeters  with  platinum  electrodes  (p.  433)  to  be  traT 
the  same  electric  current,  not  divided  between  them,  but  paaaing  through  1 
in  suooession  ;  then  it  is  found  that  the  quantities  of  oxygen  and  hydrogen  { 

eollei^ed  in  a  given  time,  are  the  same  in  all  the  voltameten,  oven  thoogb  the  > , 

contained  in  them  may  be  acidulated  in  dififerent  degrees,  and  the  electrodes  may  1 
of  diff'crcnt  sizes.      The  quantity  of  electricity  which  passes  is   determined  by  the 
resistance  of  the  hquid  which  possesses  leant  conducting  power,  and  this  qnaati^d 
electricity  d(<c('nipo»ef>  the  «afnc  amount  of  water  in  all  parts  of  the  cirvuit,    kjL, 
however  bvlh  the  gases  are  slightly  soluble  iu  water,  and  the  oxygen  more  M  thu 
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•tlM  bjdrogen.  it  i«  necessary  to  gaard  agaiost  errore  thence  ariaing,  by  pladag  tb« 
eleetrodrs  reiy  doae  to  one  another,  and  at  equAl  distance  in  all  the  Toltametera,  m 
tha.t  the  gases  may  hare  only  a  short  Qolamn  of  liquid  to  travene,  and  not  to  leaw 
th«  gaaet  loog  in  contact  with  the  liquid,  eapecially  if  the  electrodes  have  laigs 
■ttifiicea.  Aa  oxygen  is  more  soluble  in  water  than  hydrogen,  more  exact  results  an 
obtainsd  by  ooUe^ng  the  hydrogen  alone  than  the  two  gases  together. 

If  tbe  same  eotrent  be  dirided  between  two  Toltaioeten  (by  msans  of  a  branching 
fludoctor),  sod  then  made  to  pass  wholly  through  a  third  voltameter,  the  quantities 
of  hydrogen  «volTf>d  in  the  first  two  are  together  equal  to  that  erolTed  in  the  third ; 
and  if  tMouirent  is  equiUly  divided  between  the  flret  two  (as  measured  by  the  galrauo* 
meter)  the  qoastaties  ol  hydrogen  eoUseted  in  them  are  eqnal  to  one  asothsr. 

Whmtke»&imamTmttpa$$t»»iteMm9tijf  tknnukdiftrmieltetroljfttt,  th»  quantitiea 
^f  tk$m  eompotmtU  dteomposed,  amd  oj  the  severtS  etements  eliminated,  ate  ekanicaUf/ 
tjmvdmt  to  each  other. 

Faraday  deoompoeed  ftised  stannooa  dUoride  (SnCl*)  by  a  cunvnt  which  also 
tnToned  a  Toltotneter  coDtaining  acidulated  water.  Into  the  chloride  contained  in  m 
bent  ^^ass  tube,  and  kept  in  a  itate  of  fusion  by  a  Hpirit-lamp,  two  pktinum  wifM 
were  inserted,  one  connected  with  the  n^'gatire  pole  of  a  voltaic  battery,  the  otiier 
with  one  of  the  electrodes  of  the  voltameter,  the  second  electrode  of  which  was  con- 
nected with  the  positive  pole  of  the  battery.  Tin  was  then  deposited  on  the  negative 
electrode  in  the  fused  chloride,  and  at  the  same  time  the  wat«r  in  the  voltameter  was 
deeompoeed. 

The  experiment  having  been  oontinaed  till  the  quantity  of  mixed  oxygen  and 
hydrogen  gases  collected  in  the  voltameter  amouiiti>d  to  3'8S  cubic  inches,  or  0'497 
grains,  the  metallic  tin  depMited  in  the  same  time  was  found  to  wei^h  32  graiiui. 
Now,  these  two  quantities  are  very  nearly  in  tbi^  ratio  of  the  atomic  weigbtii  of  water 
and  tin:  for  0  4  07  :  3'2  «  IB:  U6  8.  The  difference  between  the  number  thus 
obtained  and  118,  the  true  atomic  weight  uf  tin,  probably  arose  from  the  action  of 
the  chlorine  evolved  at  the  positive  electrode  on  the  tin,  whereby  a  certain  quantity  of 
ehloride  was  reproduced,  the  arxaagimaat  adopted  not  being  capable  of  effecting  & 
Tery  complete  st'piiration.  Fonr  ezpeiunents  made  in  a  similar  manner  gave  for  tlui 
■tomifl  weight  of  tin^  as  determined  by  electrolysis,  the  number  11716. 

The  deeompoeitioa  of  chloride  of  lead  is  a  similar  manner,  the  positive  electrode 
bong  iormfd  of  plumbsjgo,  gave  for  lead  the  number  100-85,  the  true  atomic  weight 
being  103  0.    An  experiment  with  borate  of  lead  gave  10129. 

Faradav,  in  his  "Experimental  Besearches"  (ser.  vii.),  supposes  that  it  is  only 
compounds  which,  according  to  the  atomic  weights  at  that  time  generally  adopted,  are 
composed  of  1  at.  of  each  ot  their  components,  r.^.  water  —  HO,  hydrochloric  acid  i/C/, 
snlpaate  of  copper,  CuSO*,  &c.,  that  can  be  decomposed  by  the  electric  current.  Sub- 
sequent experiments  by  Matteucci  and  £.  Becquerel  nave  shown,  howeror,  that  this  is  not 
the  ease ;  for  trichloride'  of  antimony,  and  cuprous  as  well  as  cnpric  chloride:,  also  sevend 
basie  nitrates  and  nitrites  of  lejid,  and  other  salts  of  various  composition,  must  be 
ranged  among  elcctrolvt^s.  E.  Becquerel  finds  that  when  trichloride  of  antimony  is 
eWtrolysed  in  the  Baine  circuit  with  a  voltameter,  for  each  atom  of  hydrogen  evolved 
in  the  latter,  1  at.  chlorine  and  ^  at.  antimony  arc  separated  (or  for  3  at.  hydrogen 
S  at.  chlorine  and  1  at.  antimony).  With  trichloride  of  iron,  FeKTl*,  I  aL  chlonno 
and  ^  at.  iron  are  septirated  for  each  atom  of  hydrogen  in  the  voltameter.  Cuprou* 
chloride.  Cu'Cl*.  gives  1  at.  chlorine  and  I  at.  copper  for  1  at.  hydrogen. 

The  general  result  may  be  thus  stated; — TAr  iptantiOra  of  any  number  of  ttectro^ 
lytee  decompoaed  by  the  tame  electric  current  passing  through  them  in  tmeeeeeiim,  nre 
eueh  €u  &3mUiim  tqwU  numbera  of  atoma  of  hydrogen,  or  equivalemt  tpumiiiiee  qf  amy 
other  radietef,  jMmtive  or  negatioe.  Thus  the  nuantitiee  of  the  several  electrolytes  in 
the  following  table,  which  would  he  iJ(-c<>rap«u»ai  hy  the  same  eurrent,  are  such  M  are 
expressed  symboiicsaiiy  in  the  second  column,  and  by  their  equi^-alent  weights  in  the 
thud. 

BqalralMt 
Wrigbt. 


Farm  It bu 

Water    .... 

.        H'O        . 

Hydrochloric  add  . 

.    H»a'    . 

Cupric  chloride 

.      Cu-Cl*     . 

Cuprous  chloride    . 

.  (Cu»rci«  . 

Stannous  clilori^le  . 

Antimonioua  chloride 

.  «^(8b""Cl») , 
.    •iFe'Cl'   . 

Ferric  chloride       , 

Sulphuric  lurid 

.     H-SO*     . 

Cupric  sulphate     . 

.     Cu"SO'    . 
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When  an  aqueous  oolntion,  or  a  mixture  of  different  dMtrolljrtea,  i»  anlgaeCed  to  Oi 
action  of  the  current,  secondaxy  actions  intervene,  leading  to  reaolta  iriiidi,  at  flnt 
eight,  i^pear  inconsiBtent  with  the  law  of  definite  electrofytie  actiogi.  Thni^  vim  a 
■olution  of  sulphate  of  sodium  is  electrolysed,  sulphuzie  acid  and  free  onxoi  ara 
eliminated  at  tne  positive  electrode,  soda  and  hydroaen  at  the  negative ;  and  I>aBicU 
has  shown  that,  if  a  voltameter  containing  acidulated  water  ia  inteipoeed  in  the  saaa 
circuit,  the  quantities  of  oxygen  and  hydrogen  evolved  £rom  ^e  aalioe  aolntioB  ait 
equal  to  those  evolved  from  the  water  in  the  voltameter;  and  at  the  aame  time,  if 
the  saline  solution  is  strong,  quantities  of  sulphuric  add  and  soda  exaetlj  eqdivalaBt 
to  these  quantities  of  oxygen  and  hydrogen  are  separated  from  the  aalt.  Han; 
then,  the  same  current  appears  to  do  twice  as  much  chemical  w<nk  in  tiie  aofaitioB  d 
aodic  sulphate  as  in  the  voltameter.  This  anomaly  is,  however,  only  apparent;  the 
fact  beinff  that,  in  a  solution  of  a  certain  strength,  only  the  aodic  anlphate;  Na^SO*,  ia 
directly  ae<K>mpoeed  bv  the  current,  the  sodium  going  to  the  negative,  the  oirjaalphioiii 
(SO*)  to  the  positive  electrode.  Neither  of  theae  radicles  is,  however,  fK"if^at^  in  the 
free  state :  for  the  sodium  decomposes  the  water  near  the  negative  eleetrod^  Jbtaiaf 
soda  and  eliminating  hydrogen ;  and  the  oxysulphione  deoompoaea  the  vratar  naar  the 
positive  electrode,  forming  sulphuric  acid,  H^O*,  and  eliminating  oacfgen ;  and  aa  the 
quantities  of  sodium  and  oxysulphione  directly  eliminated  bvthe  canent  ais  <iyiii'iialea^ 
to  the  hydrogen  and  oxygen  evolved  in  the  voltameter  (St?  and  SO*  in  th«  oaa,  H* 
and  0  in  the  other),  it  follows  —  1.  That  the  qnantitiea  of  hydrogen  uid  mjita 
evolved  from  the  saline  solution  are  equal  to  those  evolved  in  the  voltameter. — S.  Ifat 
equivalent  quantities  of  sulphniio  acid  and  soda  are  aftarwardi  fimnd  at  tha  two 
electrodes. 

If  the  solution  contains  a  salt  of  any  metal  not  capable  of  decomposing  water,  aaeh 
as  sulphate  of  copper,  the  metal  is  deposited  on  the  negative,  eleotoode^  in  quantity 
equivalent  to  the  hydrogen  evolved  in  the  voltameter,  and  no  hydrogen  ia  acparattd  si 
the  negative  electrode;  while  at  the  positive  electrode  sulphuric  aod  ia  famed,  and 
oxygen  evolved  as  above.  In  dilute  solutions,  the  water  and  the  aalt  are  deeoaposed 
simultaneously  by  the  current,  in  quantities  which  are  together  eqniTalent  to  tU 
quantity  of  water  decomposed  in  the  voltameter.  Thus,  suppose  that  a  dilute  aobrtiaa 
of  sulphate  of  copper  yields  2  grains  of  hydrogen,  while  8  graina  of  that  gu  at 
collected  in  the  voltameter;  then  the  quantity  of  copper  ledoeed  aft  the  iMptin 
electrode  will  be  the  equivalent  of  the  remaining  1  grain  of  hydrogen  in  the  TnTtamnliar. 
that  is  to  say,  31*6  grains. 

When  water  acidulated  with  sulphuric  acid  is  decompoaed  l^  the  enirent,  Ae  sol- 
phuric  acid,  H*SOS  is  decomposed  as  well  as  the  water  —  the  80*  going  to  the  pOBtrri 
electrode,  where  it  eliminates  oxygen  and  forms  sulphuric  acid :  consequent^,  tint 
acid  accumulates  about  the  positive  electrode.  The  qnandtiea  of  hTdrogea  and  iajgrn 
evolved  are  clearly  the  same  as  if  the  water  alone  were  decompoaed. 

In  the  electrolysis  of  dilute  hydrochloric  acid,  both  the  acid  and  the  water  m 
decomposed— the  chlorine  and  oj^gen  evolved  at  the  positive  electrode  being  tcgiAtt 
equivsJent  to  the  hydrogen  set  free  at  the  negative  electrode. 

An  aqueous  solution  of  peroxide  of  hydrogen  (HK)*)  yields,  by  elactrolyaia,  a  quaatiiy 
cf  hydrogen  equal  to  that  evolved  from  watw  in  the  same  circuit,  and  oonaeqnnitlr  s 
double  quantity  of  oxygen.  This  apparent  anomaly  may  be  explained  by  rMardiog 
peroxide  of  hydrogen  as  a  compound  of  wat«r  and  osi^gen ;  and  auppoaiog  that  tbi 
water  is  resolved  by  the  current  into  H'  and  0,  ita  decompoaition  neoeaaaiily  invohiai 
the  elimination  of  the  second  atom  of  oxygen  which  had  been  united  with  it 

In  all  cases  of  mixtures  of  two  or  more  dectrolytea,  the  sum  of  the  qnantitiea  deeoa- 
posed is  the  equivalent  of  the  quantity  of  any  one  of  them  that  would  be  deeompoMd 
by  the  same  current  acting  for  the  same  time —  or,  which  oomea  to  the  aame  thmg  cf 
the  quantity  of  water  simultaneously  decomposed  in  a  voltameter.  The  proportion  af 
each  compound  decomposed  depends  upon  the  nature  of  the  electrollytes,  and  the  v> 
portions  m  which  they  are  mixed.  In  concentrated  aqueous  solutiona  of  the  ehloadc^ 
bromides,  and  iodides  of  hydrogen  and  the  metals,  it  ia  only  these  compounds  tlat 
are  directly  decomposed  by  the  current ;  but  in  dilute  aolutions,  the  water  is  dnfonnffliii 
at  the  same  time. 

SdatioM  between  the  (Entity  and  Intentity  of  tkf  Current  and  Ua  Dteomgo&big  Hmr, 


The  chemical  action  which  takes  place  in  the  cells  of  the  batterr  ia  likeviaai, 

lent  to  that  which  is  produced  in  the  decomposing  cells,  provided  thera  is  90  ]aei 
action  (p.  418)  on  the  surface  of  the  p(»itive  meUd.  If  a  battexy  could  ha  as  ooi' 
atmctea  that  there  should  be  no  local  action,  this  relation  would  be  atriedj  |me;  tiil 
in  to  aay,  in  a  battery  composed  of  amalgamated  sLa^  dilate  — tffcuJf  m^  flii 
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platinnm,  the  Tolnme  of  hydn»en  erolved  from  the  anrfiuse  of  each  plntintun  plate 
voiUd  be  tqatl  to  that  erolved  in  a  Toltameter  placed  in  the  same  cirenit,  and  the 
qnantitj'  of  sine  diaaolTed  in  each  cell  would  be  the  exact  equivalent  of  this,  viz.  32*5 
pta.  of  sine  diaaolTed  in  each  batteiy-ccll  for  eTeiy  1  pt.  of  hydrogen  erolred  in  the 
ToltametcK  Am,  hawem,  it  is  impoaaible  to  prevent  local  action  altogether,  the 
qwmti^of  cine  diaaolred  in  each  cell  ia  always  somewhat  greater  than  this  proportion 
would  indicate;  thu  Jacobi  found  that  in  a  Daniell's  battery  with  amalgam^^d  zinc 
pUtea^  U*6  pta.  of  aine  were  disaolved  in  each  cell  for  every  9  pta.  of  water  decomposed 
in  thfe  voltameter. 

Henee  it  foUowa  that,  with  a  given  intensity  of  chemical  action  in  the  battery-cells, 
■nd  a  oiven  oondncting  power  throughout  me  circuit,  the  amount  of  electrical  or 
Amwae^  power  developed  by  the  batteiy,  as  meaatured  by  the  voltameter,  ia  propor- 
tiooal  to  the  anrihoe  of  each  plate  expoeed  to  the  action  of  the  Uquid,  in  other  words,  to 
die  aictt  of  the  tranaveiae  section  of  that  liquid,  auppooing  the  action  in  all  the  cells  to 
be  uafonn.  It,  however,  the  chemical  action  in  any  one  of  the  cells  should  be  weaker 
than  in  the  reat,  then  that  cell  presents,  to  a  certain  extent,  an  obstacle  to  the  paas- 
age  of  the  eleetrid^  developed  by  the  rest,  and  the  whole  force  of  the  battery  ia 
lowered ;  or,  again,  if  the  conducting  power  of  the  circuit  ia  lessened  by  the  interposi- 
tion of  a  Ioii|^  wire,  or  of  another  decomposing  cell,  or  of  an  electrolyte  more  difficult 
of  deeompoaition.  the  quantity  of  electnci^  which  can  pass  through  the  drcuit  in  a 
given  time,  and  therefore  also  the  amount  of  chemical  work  which  the  battery  is  ca- 
pable of  performing  in  that  time,  is  also  lessoned,  and  cannot  be  increased  by  augment- 
ing the  aue  of  the  pUtea,  without,  at  the  same  time,  increasing  their  number,  which,  as 
already  explained,  determinee  the  intensity  of  the  current,  that  is  to  say,  its  power  of 
otereoming  resistance.  If,  however,  by  increasing  the  number  of  pairs,  or  otherwise, 
die  tension  haa  been  raised  to  such  a  degree  that  all  the  electricity  evolved  from  the 
in  »  given  time  ia  able  to  enter  the  liquid — so  that  the  galvanometer  shows  the 


I  deflection  whether  the  circuit  be  closed  by  a  metallic  conductor  or  by  a  liquid^ 
a  foitheT  >iae  of  intensity  does  not  accelerate  the  decomposition. 

The  IbOowing  experimenta  were  made  by  Matteucci  to  determine  the  proportion  in 
whidi  the  decomposition  of  diiferent  liquids,  and  therefore  also  the  quantity  of  the 
eiinent,  inereaaea  with  the  number  of  pairs. 

In  A,  a  pile  waa  constructed  of  zinc  and  copper  with  solution  of  sal-ammoniac ;  in  B, 
with  water  containing  nitio-snlphuric  acid ;  and  in  C  with  spring-water ;  in  D  a  battery 
of  cine  and  platinum  in  dilute  sulphuric  acid  was  employed.  The  liquid  in  the  de- 
enmpoaing  eell  waa  water  ■■  Aq.,  or  a  solution  of  1,  4,  8,  or  10  pts.  of  sal-ammoniac 
in  100  pta  of  water  —  8m  1,  Sm  4,  Sm  8,  Sm  10 ;  or  saturated  solution  of  sal-ammo- 
niae  »  8m  a;  or  dilate  snlphuric  add  «  Sf ;  or  a  solution  of  1  pt.  of  sulphate  of 
sine  (ane-vitriol)  in  100  pts.  of  water  —  ZV ;  or  solution  of  iodide  of  potassium  =IK. 
FZ  denotes  the  nnmber  of  pairs  employed.  The  degrees  under  A,  B,  C  give  the  de- 
flection of  the  galvanometer ;  the  numbers  under  D  denote  the  relative  quantity  of 
hydrogen  gH  e^ved  from  the  solution  of  iodide  of  potassium. 
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In  the  flowing  experiments  of  Jacobi  and  Walker,  Daniell's  constant  battery  was 
iNd.  The  c|iiantity  of  detonating  gas  developed  in  the  decomposing  cell  in  a  given 
tim^  aeeocding  aa  a  greater  or  lesser  number  of  plates  were  connected  t'other,  waa 
liCmnBed  in  measnrea.  In  Jacobi's  experiments,  and  in  those  of  Walker,  given  under 
a  aid  kt  tlie  deeompoeing  cell  contained  water  acidulated  with  sulphuric  acid;  in  c  it 
— ^^diitillidwataii 
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—  8-35 

Th«  mora  readllj  the  atoaiB  of  a  liquid  are  tnuisposed — vhether  from  ita  pecnliai 
nattuw  or  from  the  tliinness  of  the  film  of  liquid  betvoen  the  electrodoe, — tlie  smalier 
is  the  tension  whicb  the  electric  carreot  requirea  in  order  to  penetrate  it,  the  gNSicf 
the  quantity  of  electricity  which  flows  into  the  liquid  from  a  given  source,  uid  tbt 
groater  the  quantity  of  liquid  decomposed  in  a  giTen  time. 

Aqueous  aolation  of  iodide  of  potaaaium  may  be  decomposed  by  a  current  of  the 
■mallest  tftiuion ;  next  in  order  of  facility  come  fused  chlonde  of  ailTer,  iuaed  proto* 
chloride  of  tin,  fused  chloride  of  lead,  fused  iodide  of  lead>  water  eontataing  bydm- 
chloric  acid,  water  containing  sulphuric  acid.  That  the  chloride  of  lead  is  more  easily 
decomposed  than  the  iodide,  perhaps  arises  from  the  plAtiuam  electrode  baring  a 
greater  affinity  for  chlorine  than  for  iodine.     (Faraday,  see  page  417.) 

Thermo-electric  currents,  weak  both  in  quiintity  and  intensity,  decompose  nitrate  of 
silver,  when  the  electrodes  consist  of  pUtinum,  but  not  salts  oi  copper,  lead,  tta,  or 
aixuj ;  in  these  also  electrodes  of  gold  or  silver  produce  no  effect  But  when  tbe  d«^ 
trades  consist  of  the  same  metZl  as  thut  in  the  solution,  d«oonq)osition  is  eaniy 
effected,  t.§.  nitrate  of  stiver  with  silver  electrodes,  salphate  of  copper  with  copper. 
RtannoBfl  chlodde  with  tin,  acetate  of  lead  with  leaden  clectrodea.  Platinvm  wira 
produce  no  effect  in  solutiona  of  platinum.  A  thermo-electric  current  is  best  ooadnrted 
into  a  solution  of  common  salt  by  means  of  wires  of  zinc,  tin,  lead,  or  iron — leas  readily 
by  copper,  with  diffioulfy  by  aiJver,  and  not  at  all  by  platinam. 

The  current  of  the  electrical  maohiae,  which  is  of  very  high  intensity,  is  capable  of 
passing  through  any  electrolyte  whatever ;  but  the  amount  of  decomposition  which  it 
produces  is  extremely  small  comi)ared  with  that  of  the  smallost  Toltaio  apparatus  (see 
p,  397) :  bonce  we  may  conclude  that  the  quantity  of  electricity  developed  by  the  elec- 
trical machine,  or  ajiy  other  frictioQ  af^MrotUB,  ia  reiy  small  as  compared  with  tlut 
developed  by  chemical  action. 

Maoitbtic  Actios  of  thb  Elbctiuo  CtmBsjrr — Ei-acTBO-MAONXTlsic. 

A  magnetic  needle,  balanced  on  its  centre  and  placed  in  the  neighbourhood  of  a 
wii'e,  or  other  conductor,  along  which  a  current  of  electricity  is  passing,  tends  to  plsw 
iffielf  at  right  angles  to  the  line  of  the  current.  This  eflfect,  which  we  have  abeady 
had  frequent  occasion  to  notice,  ia  produced  by  the  electric  current,  from  whatever 
source  it  may  be  derived  \  but  it  depends  on  the  quantity  of  electricity  in  the  cumot, 
not  on  its  inteosi^,  and  is  therefore  exliibited  by  voltjiic,  and  even  by  thermo-«]«ctTie 
currents,  in  a  much  bighex  degree  than  by  those  resoltiiig  from  friction  electricity 
(p.  399).  Very  small  wires  of  zinc  and  copper  excited  by  dilute  acid  will  produce  a 
stronger  deflection  of  the  magnet  than  the  most  powerfbl  electrical  machine.  The  de- 
flection of  the  magnet  is  ezausively  an  effect  of  electricity  in  the  state  of  motioD  or 
discharge;  the  highest  charges,  cither  of  the  voltaic  battery  or  of  the  electrical  »"«<^fp'» 
in  the  state  of  teasioa,  have  no  effect  whatever  on  the  magnet. 

The  direction  assumed  by  a  magnetic  needle  onder  the  influence  of  the  current  miy 
be  determined  by  either  of  the  foUowing  empirical  rules :  — 

1.  Lti  i\^  obaerrfer  fancy  Mmse^  extendrd  in  the  direction  of  the  current,  laohmg 
towards  the  ntedle^  and  vritk  tk*  eurrmt  ofpotitite  rltctriciitf  flofpinfffron  kit  hmd  tt 
hiafert:  then  the  north  pole  of  th*  nttdlt  mil  move  towarda  his  rip kt  hand, 

2.  Ihe  north  pole  of  the  needle  tends  to  revolve  round  the  conducting  wire  in  the 
dirtction  of  the  hands  of  a  watch,  the  face  of  which  it  turned  torcards  that  end  oflkt 
wire  from  vihiah  tJw  positive  elictricity  proceeds. 

Either  of  tliese  rules  will  determine  the  direction  taken  by  the  needle  in  any  an 
whatever ;  the  second  is  perhaps  the  more  convenient  of  the  two.  As  a  particnisr 
example,  we  may  mention,  that  if  th*»  conducting  wire  is  horizontal,  and  in  the  dircitino 
of  the  magnetic  moridiaa,  the  ciirreut  of  +  E  running  from  north  to  south,  the  ooedlt 
turns  its  uoi-th  pole  to  the  west  if  placed  above  the  trire,  and  to  the  eifit  if  jlaetd 
beiow. 


When  the  Tosf^t  ia  freely  mspeodcd  by  it«  centre,  it  tendi  to  pUee  itaelf  *t  right 
bh^Imi  to  the  current,  ita  aehuJ  position  of  eqoiJrbriiun  b«iDg  intermediate  b«t««en  thi« 
and  the  direction  impurted  to  it  by  thee&rth's  mugnetism  ;  r.g.  K  pluced  above  ft  hori- 
aontal  condncting  wire  in  the  magnetic  meridian,  wi^h  the  (Torrent  running  from  aouth  to 
north,  the  north  pole  pointa  in  •  direction  between  north  »nd  eaat,  inclining  to  the  one 
or  the  other,  according  ••  the  earth's  magnetism  or  the  current  acta  more  strongly 
upon  it. 

As  the  direction  of  the  needle  mider  the  influence  of  the  corrent  is  rerersed,  either 
bj  rerening  the  direction  of  the  current  itaelt  er  by  moring  the  needle  to  the  oppoaite 
nde  of  the  wire — e.  a.  below  if  it  waa  prvrioosly  aboTe  — it  follows  that,  if  the  con- 
dncting wire  be  bent  back  apon  itself,  and  the  needle  placed  between  the  two  arms,  as 
In  Jig,  428,*  the  two  portions  of  the  current  abore  and  below  the  needle  will  tend  to 

E*  re  it  the  same  direction,  so  that  the  force  with  which  the  current  acts  upon  it  will 
doabled ;  it  i^  even  more  than  doubled,  because  the  Tcrticol  parts  of  the  wire  like- 
i  tend  to  torn  the  needle  in  the  tvcaa  direction,  ai)  may  be  easily  seen  by  the  mloa 


Fig.  42a 


Fiff.  429. 


ahore  giTen  (p.  442).  Hence  also,  if  the  needle  is  placed  in  the  centre  of  a  cirrnhir  or 
of  HSi^nare  conductor  ^;(y.  428)  round  which  the  current  w  passing,  it  will  be  moyed  in 
one  direction  by  Die  joint  action  of  all  parts  of  this  conductor.  Further,  if  the  wire 
be  coiled  several  times  npon  itaelf  always  in  the  same  direction,  and  a  current  sent 
throngh  it  from  end  to  end,  a  needle  placed  in  the  centre  of  the  coil,  as  injff.  429,  will 
be  deflected  in  one  direction  by  the  joint  action  of  all  parta  of  the  coiL 

An  instrument  thus  constructed  is  calk^  a  galvanomtter  ot  vudtipiiar  ;  it  serves  to 
indicate  the  exifit^ni-c  of  very  feeble  currents,  and  by  the  magnitude  of  the  angle 
through  which  the  needle  ia  deBectcd  by  different  currents,  an  approximate  indi- 
cation of  their  relative  strength  may  be  obtained.  The  angle  of  deflection  ia  not, 
however,  exactly  propcrtionute  to  the  strength  of  the  current,  so  that  the  instrument 
cPiiBtnicted  as  above  is  not  properly  ppeaking  a  galvanometer,  but  only  a  gaioanateope  ; 
the  former  terra  is,  however,  in  common  use.  Qalvanometers  constrocted  for  exact 
ine»isurem?nt  will  be  described  hereafter. 

The  delicacy  of  the  instrument  is  greatly  increased  by  making  use  of  aa  a9taiic 
netdlf — that  is  to  aay,  of  a  magnetic  nte<lle  so  mounted  that  the  action  of  the  earth's 
magnetism  upon  it  is  neutralised.  This  is  efFeeted  by  joining  two  magnetic  needles  of 
eqoal  powere.  parallel  to  each  other,  but  with  their  poles  in  contrary  directiona,  by  a 
■mall  piece  of  straw  or  copper  wire  poiiiiing  through  their  centres  of  tnnvjty.  One  of 
these  needles  is  claced  within  the  coil,  aiid  the  other  above,  in  which  position  it  is 
easy  to  see  that  tJiey  will  both  be  deflected  by  the  corrent  in  the  same  direction  :  if 
their  similar  poles  pointed  the  same  way,  the  upper  part  of  the  coil  would  turn  them 
in  opposite  directionsi,  ioasmoch  as  one  of  them  is  above  and  the  other  below  it. 

With  a  given  length  of  coil,  the  inHtrument  ia  more  delicate  in  proportion  as 
the  magnetic  power  of  the  two  needlce  is  more  nearly  equal ;  if  exactly  equal,  they 
will  place  themselves  at  right  angle*  to  the  coil  under  the  influence  of  the  fi»eble»t 
cnrretJt;  but  it  is  generally  desirable  to  leave  a  certab  difference  between  them,  in 
onler  tliat  the  amount  of  deflection  may  give  some  idea  of  the  compamtive  strength  of 
the  current. 

Fig.  430  represente  a  mlvunomcter  fitted  up  with  an  astatic  needle,  moving  over  a 
gmduated  arc.  The  needle  is  suspended  by  a  thread  of  unspun  liilk,  and  the  whole  is 
covered  with  a  glass  case  to  protect  the  needle  from  the  agitation  of  the  air.    The 

•  Th^  arrow*  lit  iHe  flinirr  Indlcit'  the  dirrcllon  of  thr  rufrrpl  of  +  B;  nnd  In  all  tViat  fblluwt.  lb« 
a&pretiioo  "dircctloo  uf  (he  cuircoi  "  U  Ui  b«  uudcrttood  at  a|<pl}iaK  la  the  potiilic  currcDt. 
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Fig.  430. 


wire  u  coiled  round  a  wooden  j^ma,  afld  is  oorered  witli  silk  to  involate  tlie  Mvenl 
tonu  of  tHe  coil,  so  that  the  curreot  nuj  not  pass  from  one  to  the  ot^her,  instead  of 

going  through  the  entire  length  of  the  wire 

The  length  and  thidcnp«s  of  th«  plTaao* 
meter  wire  Tury  Kceording  to  the  kioa  of  «a«- 
rent  which  the  instnimeDt  is  intended  to  in* 
dicate.  For  Toltaic  current*,  a  wire  about  } 
millimetre  in  diameter,  and  making  about  ftOO 
turns  round  the  friune,  ia  generallj  well  adapted. 
Thermo-elertric  currents,  which  are  of  rery  low 
intensity,  require  a  much  thicker  and  thorttr 
wire,  e.g.  f  millimetre  in  diameter,  and  raited 
thirtT  times  round  the  frame.  On  the  otbet 
hani  correntfl  small  in  qoantity,  bnt  of  hifti 
intensity,  are  best  indicated  by  a  coil  of  T«y 
fine  wire,  making  from  1,000  U>  2,000  tonu. 

The  insulation  of  the  sereral  tnrna  of  tliA 
coil,  one  from  the  othej,  is  of  very  grad  im- 
portance, especially  for  currents  cf  high  intea* 
sity,  such  as  those  from  the  electrical  maduM 
(p.'  afl9).  M.  CollHdon  of  Geneva,  who  fint 
olbserrwi  the  deflection  of  the  needle  by  the 
mtichine  current,  nsod  a  galTanomet«r  of  600 
to  1,000  turns,  having  a  wire  twice  covered  with 
dlk,  uud  each  series  of  turns  separated  firofn 
that  Irw'low  it  by  a  sheet  of  oiled  stlk. 

The  direction  of  the  current  which  deflscU 
the  gtilranometer  needle  in  a  particolar  way 
is  easily  determined  by  the  mlea  given  on  a  442,  when  the  direction  in  which  ths 
wire  is  coiled  pound  the  frame  is  knoim.  For  this  purpow  it  is  necessary  to  dis- 
tinguish between  right-handed  and  left-handed  coils  or  helices.  Suppose  the  vire  to 
be  coiled  round  a  cylinder  beginning  at  the  left  hand ;  then  if  the  turns  in  front  of 
the  Of  Under  proceed  &om  below  upwards,  as  iu  Jig.  431,  the  coil  is  left-handed;  ii^  ra 

Fig.  431.  Fig.  432. 

the  contrary,  thoy  proceed  in  front  ftom  above  downwards,  as  In  Jig.  432,  it  ii  right- 
handed. 

A  magnetic  needl«>  placed  with  its  centre  in  the  axis  of  such  a  coil,  tarns  its  nortli 
or  south  pci]<'  towanls  thnt  end  of  the  coil  at  which  the  current  eat«ps,  according  u 
the  coil  is  left  or  right-handed. 

The  direction  given  to  the  needle  is  the  same,  whether  the  ooil  ia  elongated,  aa  ia 
Jigs.  431,  432,  or  comprewed,  as  in  the  galvanometer.  As,  however,  in  the  galvanometiv 
v>\wn  complete,  it  is  not  easy  to  see  whether  the  coil  is  right  or  left-handed,  it  is  best 
t'>  dptermine  by  experiment,  once  for  all,  the  direction  taken  by  the  needle  whenths 
current  enters  at  one  particular  end  of  the  coiL  — 

Action  of  the  Magnet  m  the  EUctric  Cwrrtnt, 

The  action  between  the  current  and  the  magnet  is  mutual,  so  that  if  the  oondactor 
conveying  the  current  is  free  to  move,  it  is  deflected  in  the  direction  opposite  to  that 
which  the  magnet  takes  under  its  inflnence :  in  short,  if  the  magnet  and  condaetiag 
wire  are  both  free  to  move,  they  place  themseivea  at  riglit  angles  to  each  other,  lb* 
magnet  moving  b  the  manner  pointed  out  at  pi.  442,  the  conductor  in  the  contmj 
direction. 

The  action  of  the  magnet  on  the  current  may  be  shown  by  means  of  Amokn't 
apparatBi  (fig.  433).  On  holding  a  bar^magnet  below  the  rectangular  wire  and 
pnntllel  to  its  lower  horizontal  arm,  the  wire  turns  round  and  places  itself  at  right 
nngles  to  the  magnet,  the  position  of  equilibrium  being  determined  by  the  nxltt  tnm 
on  p.  442.  '  "^ 


ELECTRO-MAGNETISM. 
Fig,  433.  Fiff.  iU. 
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A  gimpler  appantiu  for  the  Bame  porpo»e  is  the  Jloatirtg  battery  (Jiff.  434)  contrirfd 
by  G.  D«  U  Rive.  It  coMista  of  a  pair  of  rinc  and  copper  platoa  attached  to  a  «)rk, 
and  connected  together  by  a  coil  of  covered  wipe  placed  above  the  cork ;  the  whole  ia 
floated  on  water  alightly  acidulated,  whereby  ■  inirreot  is  made  to  paas  roand  the 
coQ.  Oo  the  approach  of  a  magnet,  the  coil  takei  up  a  poeitioa  indicated  by  the  kw 
jnat  cited. 

The  action  of  the  floating  battery  thns  confftmeted  is  rather  weak,  iind  conseqnenfly 
a  coil  of  conBiderable  lenpth  i«  reqnii^d  to  make  it  sensitive.  A  ht-ttpr  cotwtmctioii  ia 
tlut  shown  in  fya.  436,  436,  in  which  the  extreniitiea  of  th«  coil  are  connected  with 


iV-  ^3fi. 


Fiff.  436. 


?S^iW^ 


a  small  Bflnieirs  cell  contained  in  a  wide  gloM  tub*  attached  to  the  corl  float.  With 
this  arrangoment.  stronger  acid  may  be  osed  and  s  more  energetic  current  obtained,  so 
that  a  thinner  coil,  or  even  a  single  ctrculiir  or  rectangolar  wire,  is  sufficient  to  exhibit 
strong  deflection  under  the  iniuence  of  a  magnet 

A  movable  electric  current  is  deflected  by  the  earth's  magnetism  as  well  as  by  an 
ordinary  magnet  This  may  be  shown  either  with  Ampiire's  apparatna  or  with  the 
floating  battery,  the  wire  of  either  of  which,  when  left  to  itaeli^  tnkes  up  a  poeition  at 
right  anfflea  to  the  maiinietic  meridian.  If  it  be  remembered  that  the  north  magnctie 
pole  of  the  earth  is  annlogoaa  to  the  south 


pole  of  an  ordinary  magnet,  it  wiU  be  seen 
that,  in  the  position  of  «talile  equilibrium, 
the  direction  of  tlie  cnrrent  is  frt?m  east  to 
WMt  in  tho  lower  horizontiil  branch,  and 
from  below  upwards  on  the  western  ver- 
tical side. 

The  action  of  the  earth  on  the  current 
is  much  less  energetic  than  that  of  a  bar- 
magnet  held  near  the  wire ;  nevertheless  it 
muy  sometimes  intorfcro  with  the  results 
of  this  latter  action.  This  source  of  com- 
plication may  be  obviated  by  Riving  to  tho 


Fig.  437. 


i»  ^ 


movable  wire  the  form  of  a  double  rectangle,  fy.  437,  so  arrangwl  that  the  earth's 
action  on  the  one  half  shall  be  ncutnilised  by  that  on  the  other.  Such  an  amngemeat 
is  called  an  tuttatic  eonductor. 
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Mutual  Action  of  EzJtcnuc  CtntssMTB. 

EUctrie  citrrenta  moving  in  paraliei  itnea  attract  one  anothtr  if  they  mote  in  ikctam 
dirfrtion,  and  rrpel  om  another  if  tkfy  move  in  oppoaitt  directions. 

This  law  may  be  dcmonatrated  hj  bringing  a  condacting  wire  connecting  the  poI«i 

jj^  of  ft  rather  powerful  voltAie  battery  near 

'^'  *^^  the  wire  of  the  floating  battery,  as  rfiown  in 

^  fg,  438,  or  the  wire  of  Amp&re'a  apparatus 

y^SSi  (M  «3,  437). 

/V^iW^  The  tnutnol  at^raption  and  repolnoo  of 

/  J^^  ^^  cnrrents  is  not,  however,  confined  to  tli«  eu« 

if  \^  of  parallelism;  for  if  twn  currrwta.  XB,  art 

\  moTing  in  direct  ions  inclined  to  each  other 

'■  in  tlie  same  plane,  a  may  l>e  naolred  into 

two  component  cnrrents,  one  perpendicular 
nnd  the  other  p:irullel  to  b  ;  the  former  pro- 
duces no  effect,  because  it  i»  equally  inddied 
I  to  B  both  wave,  and  the  latter  attracts  or  re- 

pels B,  according  05  it  is  moving  in  the  same 
or  the  opposite  direction.  If  the  ctirrrottf 
arc  ill  different  planen.  two  such  reaolntionj 
will  sbow  how  much  of  the  force  of  one 
may  be  considered  as  acting  parallel  to  tli« 
other.  The  general  remit  ia,  that  two  n- 
clinfd  eurrenU  attract  taeh  othrr  if  titp 
both  tend  towards  or  both  from  the  gvmmi 
of  the  anqU  formid  between  theviy  and  rtfd 
one  anatker  if  one  ia  approaehing  that  nm- 
mit  and  tk«  other  rtctdtng  from  it  Tba 
diflbrpQt  caM8  of  this  action  are  ahown  ia 
Ji<f.  439,     If  a  horizontal  conducting  wire  ba 

Fiff.  439, 


/  \  /  V     \\  A 


>t\       /"^  ^\       /-^^ 


/^.  440. 


held  over  the  horizontal  branch  of  th«  wire  of  a  floating  battery  (ftf.  440),  md  inclined 
to  it  at  any  angle  what'ever,  then  if  the  two  currenta  both  approach  the  summit  of 
tliiit  anjjle  on  one  Bi'ie  and  recede  from  it  on  the  othiT,  the  floating  battery  will  tnti 
round,  till  the  upper  bonaontal  branch  of  ita  wire  baa  plxicrd  itaelf  puaUd  to  iha 
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Fig.  441. 


oOmt  wire,  snd  m  ne«r  to  it  m  pomible,  the  two  cnrrpnta  moring  in  ttie  uiino  direo 
tion,  this  being  their  pMition  of  stable  equilibriom.  If,  on  Ui«  other  hand,  the  origioiJ 
position  of  the  Farrenta  is  nich,  that  one  approaches  the  sainmit  of  their  angle  of 
mienMy'tion  and  the  other  recedes  from  it,  the  wire  of  the  floating  batterjr  is  at  fimt 
n»ellrd  and  turns  round,  making  a  larger  and  larger  angle  with  the  fixed  wira. 
tiO  it  ultimately  settles  itself  in  the  position  of  «qailil>riaiQ  shows  in  the  preceding 

Suppose  now  the  wire  of  the  floating  battery  to  have  the  form  of  a  helix,  as  in  Jig.  441, 
and  that  another  helix  also  conTOyine  an  eloctrie 
currrat  is  held  over  it  The  floating  helix  will  place 
itself  parallel  to  the  other,  and  in  sndi  a  po«ition  that 
the  eorrents  in  the  nesfest  parts  of  the  two  ran  in  the 
same  direction  ;  and  a  little  cooaideratiou  will  show 
that  if  the  helices  are  both  right  or  both  left-handed 
(p.  444),  their  »miltir  endu,  i.  e.  those  by  which  the 
cnrrent  <>nter»  or  leayee  the  helix,  will  bo  placed  in 
contrary  positions,  the  positiTc  end  of  one  over  the 
Q*1iatiTe  end  of  the  other.  Moreover,  if  the  poeitire 
end  of  the  one  (that  by  which  the  current  makes  its  exit)  be  presented  to  the  nega- 
tive end  of  the  other,  attiaction  takes  pUce;  whereas  the  two  positive  or  two  nega* 
tive  extremities  or  poles  repel  each  oth^.  In  abort,  the  two  helices  act  apon  one 
another  jast  like  two  bar-magnets ;  and  indeed  if  a  magnet  be  substituted  for  tho 
fixed  heUx,  the  floating  helix  will  be  attracted  and  repelled  by  it»  and  will  place 
its«lf  parallel  to  it,  just  as  it  behaves  to  the  other  helix.  Moreover,  if  the  Hoatiug 
belli  be  left  to  itwlf,  it  will  take  up  a  position  in  which  the  current  runs  from 
east  to  west,  and  the  axis  of  the  helix  therefore  points  north  and  south,  just  like  a 
magnet. 

This  striking  resemblance  between  the  mutual  action  of  electric  currents  and  that 
of  magitets  bos  led  to  the  idea,  suggested  and  developed  hy  Amp^^  that  magnetism 
is  actually  produced  by  electric  currents,  cireulating  round  the  magnet  in  planes  per- 
pendicular to  its  axis,  and  such,  that  on  tooklng  along  the  axis  of  the  magnet  with  ita 
south  pole  turned  towards  the  observer,  the  current  moves  in  the  direction  of  the  hands 
of  a  watch,  that  i^  firom  the  left  side  through  the  top  and  down  by  the  right  throuab 
the  bottom  to  the  left  again.  Thus  in  the  bar-magntt  represented  in  fy.  442,  the 
•outh  pole  is  at  the  lower  end.  Whethi^r 
wuAk  currents  actually  exist  is  more  tJian  we 
are  at  present  prepoied  to  say.  No  direct 
proof  of  their  existence  has  vet  been  given  ; 
nut  the  theory  aflbrds  a  simple  and  per> 
fectly  satisfactory  explanation  of  all  cases 
of  the  action  of  magnets  on  each  other, 
and  of  the  mutual  action  between  the  mag- 
net and  the  electric  current  The  fonda- 
mental  fact  of  electro-magnetism,  viz.  that 
a  magnet  tends  to  place  itself  at  rit^ht 
angles  to  an  electric  current,  is,  acconling 
to  this  theory,  a  direct  consequence  of  the 
tendeoey  of  electric  currents  to  place  them- 
WH«B  parallel  to  one  another  {see  fig.  4-i2> 

l^e  action  of  the  currents  cin-ulating 
round  the  axis  of  a  magnet  is  well  illus- 
trtited  by  the  following  experiment : — Pre- 
•cut  a  b^magnet  to  a  floating  battery,  with 
a  flat  circular  coil  {fij^.  435),  in  such  a 
manner  that  the  currents  of  the  magnet  shall 
coincide  in  directidti  with  that  in  the  coiL 
The  coil  wiU  be  attracted  by  the  msfnet  and 
move  on  to  it,  fixing  iteclf  axactly  in  the 
middle,  where  it  ia  equally  attracted  both 
ways.  Now  take  hold  of  the  coil,  withdraw 
the  magnet,  and  insert  it  the  contrary  way. 
Tlie  coil,  if  exactly  in  the  middle  of  the  hut, 
will^  remain  there  in  a  position  of  nnc table 
equilibrium;  but  if  ever  so  little  nearer  to 
the  free  end  of  the  magnet,  it  will  shoot  off;  turn  itself  round,  and  then  retina  to  its 
— =*^~i  in  the  middle  of  the  magnet. 
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There  are,  howerer,  certain  phenomeaui  iatowliicb  ve  cannot  here  enter,  relstaagts 
the  mntuftl  action  of  magnets  and  eleetrie  cnrrentB,  which  render  it  necessary  to  ao^pmo 
that  tlie  current*  which  give  rise  to  the  pokrity  of  magnets  are  molecolAr,  that  u  to 
Bay,  that  they  circuhite  round  each  indivldn^l  purticle  of  the  magnet.  These  cnrruU* 
may  be  rapposed  to  pre-eiist  in  all  magnetic  bodiea,  even  before  the  derelopnieot  of 
magnetic  poli^ty,  but  disposed  without  regokrity,  so  that  they  neutriliie  one 
another,  Magnetiaation  is  the  process  by  which  theae  molecular  currents  are  made  to 
moTe  in  one  direction,  lo  that  those  situated  at  the  snrfiice  of  the  magnet  yield  at 
their  resnltant  a  finite  cnrrpnt  circulating  round  the  magnet,  while  the  cnrrenta  in  the 
interior  are  nentndked  by  tho!*o  in  the  neat  cxtcrunl  layer,  the  contiguous  porbooa  of 
which  move  in  the  direction  opposite  to  their  own.  Fig.  444  is  a  aeciion  of  a  ctUb- 
drical  magnet  BhowiDg  the  estemaJ  layer  at  molecular  cnrrenta,  the  observer  looldaf 


Fig.4A^. 


Fig.\Ak. 


{ffl^^^a^^^^^^^\^^^^^ 


towarda  the  north  pole;  and^.  443  showi  the  Anitc  superficial  eurreuts  prpdaced  liy 
their  Joint  action, 

Magneiitation  by  the  Electric  CurrenL 

A  bar  of  iron,  steel>  or  other  raugnetic  bodjr  placed  at  right  angles  to  an  elertrie 
enrrent, becomes  magnetised,  its  poli>s  1>«>ing  8ttuiir«>d  in  the  same  duection  as  those  of 
a  magnetic  needle  Hubjected  to  the  influence  of  tlie  same  current  and  in  the  same 
relative  pantion,  this  direction  being  such  that  the  currents  which,  in  Ampirc'i 
theory,  ore  supposed  to  circulate  round  the  magnet,  coincide  in  dix«ctioa  with  the 
acting  current  on  that  aide  of  the  bar  which  ia  nearest  to  it. 

Soft,  iron  is  easily  magnetised  by  the  electric  current,  but  returns  to  its  ordioaty 
nnmagnetijiod  stiite  as  noon  as  the  corrent  ceases  to  act  upon  it ;  it  therefore  requim 
the  actifju  of  a  continuous  current,  liko  that  of  the  voltaic  battery.  St<>e-l,  cast  iron, 
and  nickel,  ou  the  other  hand,  are  more  dilfictilt  to  magnetise,  but  retain  their  magnetie 
pjwer  when  removed  from  the  influence  of  the  current ;  the  resiatanoe  which  tbew 
IxKliea  offer  to  any  force  lending  to  polarise  them,  \b  bc«t  overcome  by  electridtv  of 
high  tension ;  —  indeed  hand  st<>el  never  acquires  itA  full  magnetie  polarity  under  the 
influence  of  currents  of  low  tension,  but  only  when  subjected  to  the  sndd^  disrhatgs 
of  a  Leyden  jar  or  battery  (p.  398). 

Ma^rutUtalhn  of  Srift  Iron. — A  short  bar  of  soft  iron  placed  at  right  angles  to  a 
wire  joining  the  poles  of  a  voltaic  batterjr  become*  magnetic ;  and  on  bringing  ths 
same  wire  in  contact  with  a  moss  of  iron  fUings,  a  number  of  them  will  adhere  to  it  •• 
long  as  the  droait  is  complete,  falling  off  as  soon  as  it  is  broken.  This  aMzacttoa, 
according  to  Amp&re's  theory,  is  merely  s  case  of  mutual  attraction  between  electric 
carrentH  running  in  the  same  direction. 

In  longer  bars  of  soft  iron,  the  magnetic  inflneneo  of  a  straight  mrreatis  scattrlT,  if 
at  all,  perceptible  ;  but  by  causing  the  current  to  act  simultaneously  all  along  the  bii^ 
which  may  be  effected  by  coiling  the  wire  round  it  in  the  form  of  a  helix,  very  ftmif 
magnetic  polarity  may  be  developed,  even  by  the  current  of  a  small  voltaic  cooak 
The  wire,  if  covered  with  silk,  may  be  coiled  directly  round  the  bar ;  if  uocovemi,  it 
most  be  coiled  round  a  paper  or  wooden  taW  within  which  the  bar  is  ioseited ;  fast 
overcd  wirca  are  Renerally  used,  bocaase  the  turns  of  the  coil  may  then  be  kept  t«v 
close  together,  and  the  wire  nitiy  be  coiled  round  the  bar  in  several  layeri,  Tl» 
direction  of  the  polarity  depends  of  course  on  the  kind  of  helix  used.  With  a  IHII- 
hanrtt'd  h<'lix  (p.  \%i\  the  north  pole  of  the  bar  t«  at  that  end  of  the  coil  at  which  ta» 
current  entfrs. 
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hu  of  •oft  iron  bent  in  the  form  of  a  horw-slioe^  and  baring  ■  long  ooil  of  wire 
found  it,  beootnew  •  very  powerful  magaet,  when  its  pole*  are  joined  by  a  keeper  of 
•ofl  iron  and  a  current  is  vnt  tbmugh  the  roil ;  such  an  electro^mugnet  will  support  a 
rerj  great  weight.  If  the  soft  iron  u  of  good  quality,  and  baa  b«en  sereral  times 
tempered  by  alow  cooling,  the  development  of  the  nutgnetiam  follows  inHtantaaeooaly 
on  the  closing  of  the  circuit ;  by  far  the  greater  part  of  the  magnetism  disappears  also 
on  breaking  the  circuit,  but  a  small  amount  ia  retained  for  a  time,  depending  on  the 
length  of  the  bar— long  bars,  and  more  especially  horee-Bhoea,  retaining  a  portion  of 
their  magnetism  for  a  longer  time  than  short  ones.  In  horse-ahoes  the  retention  of 
the  polarity  is  greatly  promoted  by  joining  the  poles  with  a  soft  iron  keeper.  A. 
borae-ahoe  electro-magnet,  which  supported  a  weight  of  120  lbs.  while  under  the  in- 
flneoce  of  the  current,  was  found  to  cany  50  Iba.  when  the  circuit  was  intemipted, 
and  retained  this  power  for  a  long  time,  while  the  keeper  remained  in  poaitioD ;  but 
Ofi  forcibly  separating  thp  keeper,  the  whole  of  the  magnetiam  wsa  deatroyed.  The 
OUM  of  tlua  effect  i»  that  the  keeper,  by  contact  with  the  poles  of  the  roagnet,  becomes 
itself  a  ma^et,  each  of  its  extremities  becoming  a  pole  of  opposite  name  to  that  of  tka 
uagset  with  which  it  is  in  contact;  and  these  polea  intenvify  the  polarity  of  the 
aagoet,  juat  as  a  body  electrified  by  induction  intensiflies  the  electric  polarity  of  the 
inducing  body  (p.  386),  the  whole  forming  a  kind  of  closed  magnetic  circuit,  tha 
different  parts  or  which  tend  to  keep  one  another  in  equQibrium ;  on  removing  the 
keep*T,  this  equUibriam  ia  destroyed,  and  the  bar  of  iron  returns  to  its  ordinaTy 
state, 

Maiinrtitation  cf  Si/vl.  —  Steel  bara  or  wire«  are  permanently  magnetised  when 

J  laced  witliin  a  heDx  through  which  a  voltaic  current  or  an  electric  discharge  ia  passed, 
'or  the  latter  mode  of  oprrution,  the  helix  must  be  coiled  round  a  glass  tube  and  the 
steel  bar  placed  within  the  tube  (p.  idH) ;  for  the  former,  either  tlua  method  may  be 
adopted,  or  helices  of  covered  wire  witliout  the  glass  tube  may  be  oaed,  With  a  simple 
helix,  that  is,  one  in  which  nil  the  turns  of  tbe  coil  go  the  same  way,  the  resulting 
magnet  will  have  only  two  poles,  like  an  ordinary  b&r-magnet,  the  north  being  turned 
towards  the  positive  or  n»»g»tive  end  of  the  helix,  according  as  the  hitter  is  ri^ht  or 
left-handed;  but  if  one  half  of  the  helix  is  right  and  the  other  left-handed,  n  kind  of 
doable  magnet  will  be  formed,  having  two  similar  poles  at  each  end,  and  a  oon> 
trazy  pole  in  tlie  middle;  and  with  a  triple  helix,  e.g.  consisting  of  a  right-handod 
portion  placed  between  two  left-handed  portions,  a  magnet  will  be  fonne<l  with  four 
consecutive  poles,  arranged  tbujt,  N,  S,  N,  S ;  and  similarly  for  any  number  of  alt<>r- 
sations. 

By  the  discharge  of  a  large  Leyden  jaror  battery,  steel  wires  m>4y  bo  magnetised 
when  simply  kid  at  right  angles  to  a  straight  conducting  wire,  either  in  contact  with 
it,  or  at  the  distance  of  seTenil  inohes.  The  intensity  of  the  magnetiaro  thus  dcveIor>ed 
increases  with  the  intensity  of  the  discharge,  other  things  bdng  equal ;  but  when 
needles  of  hard  ste«l  are  pbiced  at  different  distances  from  the  conducting  wire,  the 
intensity,  and  evon  the  direction,  of  the  magnetic  polarity  induced  by  the  same  electric 
dischaiTge,  are  found  to  vary  in  a  very  rcmarkabl©  manner,  aocorduig  to  the  distance. 
From  the  experiments  of  Sarary  (Ann.  Ch.  Phys.  [2]  xxxir.  6\  and  Abria  (ibid. 
[3]  i.  386),  it  8pf>enr»  that  the  intensity  of  the  magnetism  produced  by  the  electric 
discharge  does  not  diminish  constantly  as  the  distapoe  becomea  greater,  bat  increases 
with  the  distance  beyond  a  certain  point,  where  it  is  at  a  minimnni ;  and  tbati,  on  the 
%Eme  side  of  the  conducting  wire,  and  with  the  same  direction  of  the  discharge,  the 
situation  of  the  magnetic  poles  with  regard  to  the  wire  changes  more  than  once  at  dif- 
ferent distances.  In  contact  with  the  condacting  wire,  or  at  very  short  distances  fWjro 
it,  the  pole«  are  disposed  according  to  the  general  law  (pp.  442,  444).  The  table  on 
n.  460  contains  the  results  obtained  by  Savary  with  a  platinum  wire  2  metres  long  and 
i  millimetre  in  diameter,  hard-lemipered  steel  needles  13  mm.  long  and  J  mm.  in 
diameter,  and  an  electrical  battery  having  a  coated  snrfrtce  of  22  square  feet  The 
strength  of  the  magnetism  acquired  by  the  needles  wasestirnHtcd  by  the  time  in  which 
thpy  fwrformed  a  given  nam  tier  fif  osfillMtions  under  the  influence  of  terrestrial  niag> 
netutm.  To  avoid  any  crront  that  might  arise  fix>m  the  mutual  action  of  the  Bte<*l 
needles,  they  were  not  placed  verticaUy  one  over  the  other,  but  over  different  purts  of 
the  conducting  wire.  The  polarity  of  a  needle  ia  called  pi'srtive  when  its  «iirection 
eoinddes  with  the  gent-ral  law,  nr^ative  in  the  contrary  case. 

It  sppeurH  from  tho  table  that,forthe  positively  magnetised  needles,  therewasa  maxi' 
mum  of  intensify  at  contact,  and  another  at  the  height  of  30  mm.  above  the  wire,  the 
second  maximum  beinc:  sompwhat  greater  than  the  first.  For  tie  negatively  niugne- 
tise«l  needles,  there  was  a  mnximum  at  6  mm.  The  minima  of  intensity  corresponded 
with  the  rhiingps  of  Hipn.  In  another  cxpi^riment.  in  which  the  conducting  wiro  wm 
only  1  metre  in  leogtb,  four  cliAnges  of  Jirwotiou  in  the  polarity  were  observed,  and  the 
last  maximum  was  at  thu  height  of  40  mm.  instead  of  3U. 
Yoi-  IL  G  G 
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The  diameter  of  the  condncting  wire  likewise  affects  the  distances  at  whidi  the 
changes  of  sign  in  the  magnetic  polarity  take  place ;  with  a  very  fine  wire,  ^  mm.  ia 
diameter,  no  snch  changes  of  sign  were  obserred,  and  the  mazimnm  of  intensity  wii 
at  the  distance  of  11  nun.,  that  is  to  say,  flye  times  less  than  with  a  wire  of  three 
times  the  diameter. 

The  intensity  of  the  magnetisation  is,  asteru  paribtu,  greater  as  the  length  of  the 
wire  is  less  in  proportion  to  its  diameter.  This  increase,  however,  has  a  limit:  a  win 
1  metre  long,  for  example,  gives  the  highest  maximum  of  magnetisation  when  iti 
diameter  is  |  mm. ;  at  the  distance  at  which  this  maximum  effect  is  produced,  die 
needle  is  magnetised  to  saturation;  with  greater  lengths  of  wire  the  inteniitjr 
is  less.  The  relative  maxima  aie  nearer  to  the  wire  in  proportion  as  the  wire  ie 
longer. 

The  influence  exerted  by  the  length  and  diameter  of  the  oonductin|;  wire,  appean  t« 
depend  upon  the  amount  of  retardation  which  it  produces  on  the  discharge :  for  in  a 
circuit  formed  of  three  wires  of  unequal  diameters,  joined  end  to  end,  the  magnetisiiig 
effect  of  the  discharge  is  the  same,  in  whatever  part  of  the  circuit  the  needle  is 
placed,  the  velocity  of  the  discharge  being,  of  course,  the  same  in  every  part  ciihb 
circuit 

The  dimensions  and  hardness  of  the  needles  have  likewise  a  veiy  decided  inflnenw 
on  tile  results :  needles  of  unhardened  steel  exhibit  no  change  of  sign,  whereas  tboee 
of  hard-tempered  steel  exhibit  at  least  three  such  changes.  If  the  diameter  of  the 
needle  is  somewhat  considerable,  the  strongest  magnetisation  takes  place  in  eontact 
with  the  conducting  wire,  and  the  intensity  continually  diminishes  with  inerease  at 
distance.  A  hardened  needle  of  considerable  thickness  is  magnetised  by  the  disehaigB 
like  an  unhardened  nee-dle  of  smaller  diameter,  a  £ict  which  may  be  explained  bj  ob- 
serving that  the  hardening  affects  only  the  surface,  and  that,  in  a  thick  needle,  the 
surface  bears  a  smaller  proportion  to  the  mass  than  in  a  tiiin  one. 

With  helices,  also,  several  changes  of  sijgn  were  obtained  in  the  polarity  of  haidr 
tempered  steel  needles  placed  at  different  distances ;  but  when  the  total  length  of  the 
wire  was  increased  without  changing  that  of  the  coiled  portion,  the  changes  of  siga 
became  less  frequent,  till  finally  the  polarity  was  no  longer  reversed  at  dSerent  d»- 
tances,  but  only  became  less  intense  as  the  distance  increased.  The  length  of  t 
needle  placed  within  the  helix  has  no  influence  on  the  direction  of  its  polari^,  hot  onlj 
on  the  intensity. 

Non-conducting  bodies,  such  as  diy  paper,  wood,  or  glass,  interposed  betweoi  the 
steel  bars  and  the  conducting  wire,  have  no  influence,  either  on  the  direction  or  on  the 
intensity  of  the  magnetism  produced,  but  conducting  bodies  modify  the  eflfect  tot 
considerible  extent;  thus,  if  two  similar  needles  are  placed  within  «  helix,  one  ah 
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eoT^red,  tb«  other  «nd<Med  in  a  thick  copper  cylinder  k»pt  oat  of  ooofact  vith  the 
helix,  a  diochar^fl  which  raagneiises  the  former  vtrongly,  prodaces  no  effocrt  on  the 
Utter.  By  gradually  dimtoishiag  the  thickneae  of  the  metallic  enrdopc,  the  noedla 
til  more  and  more  magnetiMd  by  a  divcbaiKe  of  ^'tco  atreugtlu  In  some  caws,  the 
■nrelope  chuigee  the  direction  of  the  poiantv  uidueed.  It  is  only  by  cootinuouii 
eimlopes  that  these  effects  are  produced ;  metallie  powden,  which  coadact  but  alowly, 
have  no  effect, 

Theae  effecta,  and  others  pradneed  by  the  interposition  of  metallic  discs,  are  dne 
to  momentaiy  electric  currents,  excited  in  the  conducting  disc  or  envelope  by  the 
discharge.  The  remarkuble  variations  of  intensity  and  utrersion  of  tbo  {tolHrity  at 
dxAreot  distaooea  from  the  wir«,  are  probably  doe  to  a  similar  cause,  numoly,  tbe 
|Kdaiittttoii  of  the  molecules  of  the  interveniag  mediora. 

Savazy  has  also  shown  that  similar  retmlts  may  be  obtained  with  tbe  oontinuouB 
voltaic  eorrent,  and  that  the  magnedsing  effecta  of  the  current  approach  more  nearly 
tothoae  of  the  sudden  discharjje,  in  pronortioD  an  tbe  current  has  a  higher  intensity, 
■nd  tib»  hattety  is  charged  with  a  liquid  of  Ices  conducting  power.  Altogether,  the 
«flbel>  are  lata  distinct  with  the  current  than  with  the  sudden  cUscharga^  especially  witli 
rqgard  to  the  change  of  direction  of  the  polarity  at  diilerent  distances  from  the  con- 
ducting wire.  Steel  needles  are  not  strongly  mugnctiaed  by  the  coirent  onlesa  they 
are  placed  within  a  helix. 

Elbcteo-utkamic  IxDtrcnos. — ^Maskstivslbctjucitt. 

An  el*«tric  current  produces  no  perceptible  £flt«H>ance  in  the  electric  state  of  a  neigh- 
boaring  conductor,  so  long  as  it  remains  of  constant  strength,  and  the  relative  jKwitinna 
of  the  two  remain  unaltered ;  but  if  tbe  current  undergoes  any  variation  of  strenjrtb  — 
eapecially,  therefore,  at  the  moments  of  its  oommeooement  and  cessation, — or  if  it  be 
made  to  approach  or  recede  from  the  other  oondurtor,  it  then  produces  an  electrical 
disturbance  in  that  body,  and  if  the  latter  (brma  a  closed  cirruit>  dcvelopes  in  it  a 
current  of  electricity.  Tbis  mode  of  action,  discovcped  by  Faraday  in  IH'i'i,  ia  called 
Electro-dynamic  Indut^tiotu  Its  effects  may  be  studied  by  means  of  the  appa- 
ratua,  represented  in  fy.  44fi. 

Two  copper  wirea  eorered  with  silk  are  coiled  round  a  hollow  wooden  cylinder,  so 
as  to  form  two  parfsctly  similar  bat  sepa- 
rate helices,  the  tuBs  of  which  are  pa-  Fig,  ii6. 
ndlel,  and  as  elosa  to  each  other  as  pos- 
aible.  The  ends  of  one  of  these  helicsB 
A,  are  connected  with  a  galvanic  battery ; 
those  of  the  other,  B,  with  a  galvano- 
mpter.  At  the  moment  of  completing  the 
bntteiy  circuit,  the  galvanometer  needle 
moves,  its  motion  indicating  a  current  in 
the  wire  B,  in  the  direction  opposite  to 
that  of  the  battenr  current  in  A  This 
induced  current,  however,  is  only  mo- 
mentary, the  needle  immediately  returning 
to  its  ordinary  position  of  equilibrium, 
and  rcmjiining  there  as  long  aa  the  bat- 
tery circuit  rpmaina  dosed ;  but  on  break- 
ing the  circuit,  the  needle  again  moves, 
ami  in  the  direction  opposite  to  that  of 
its  first  movement,  indicating  therefore, 
a  current  in  the  wire  B,  in  the  same  di- 
rection aa  that  in  A;  this  last  also  ia 
only  momentary. 

Any  variation  in  the  strength  of  the  battery  current  produces  effecta  similar  in 
kind,  though  le»«  in  degree,  to  those  resulting  from  its  c<>)mmencement  or  cessatioJi : 
for  an  increase  in  the  strength  of  a  ciureBt  is  equivalent  to  tbe  production  of  a  fresh 
current  j  and  a  decrease,  to  the  cessation  of  a  current  of  leas  strength. 

If  only  a  single  helix  is  wound  round  the  hollow  woollen  cylinder  in  the  la."?t  figure, 
its  ends  oonnected  with  a  galvanometer,  and  another  helix  through  which  a  current  ia 
passing  il  quickly  thruet  into  the  tube  :  a  momentary  current  is  also  induced  in  tbe 
first  helix  in  a  dixectioQ  opposite  to  that  in  the  second  ;  so  long  as  tho  latter  remains 
within  the  tub<»,  no  cmnvnt  p«iH.so«  through  the  galvanometer,  but  on  quickly  with- 
drawing the  inner  helix,  u  momentary  current  paMt-s  through  the  galvanometer,  in  tbe 
direction  opposite  to  the  formrr,  that  is  to  say,  iu  the  same  direction  aa  that  in  the 
movable  helix.      This  experiment  iB,  ttub^ed,  only  auoUter  form  of  the  first;  in  both 
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cii»e«  an  olwtric  enmnt  is  anddenlj  bmught  into  the  ni>ighbonrbood  of  a  ea^ 
ducting  wipe  forming  a  cloted  eircait,  and  as  «nddenlj  withdrawn  :  bat  the  makiag 
and  breaking  contact  viUi  the  battery  in  the  flnit  c<xperini<?nt,  adroit*  of  a  maA 
quifker  introduction  and  removul  of  Ihr  current,  than  the  mccbtfuical  moremetit  of 
ine  Lolix  in  the  second :  hence  the  induced  correnta  are  more  po-werfnl  in  the  Sat 
instHUce. 

All  these  efl^ctn  arpgrpallyintensififtl  bnt  not  altered  in  direction,  by  the  inti«dae> 
tion  of  a  bar  of  soft  iron  or  "a  bundle  of  iron  wires  within  the  inducing  heJiz.  Thia 
with  the  double  helix  (fy.  445),  oo  raaking  contact  with  the  battery,  the  iron  become! 
strongly  roajs^netised,  and  we  may  suppose  that  a  number  of  molecular  eumrnlir  are 
made  to  circulate  round  ita  portidea  in  the  same  dirfction  as  the  current  of  the  helix 
A  (p.  447);  these,  at  the  moment  of  their  formation,  induce  a  strong  momentaiy  enmgl 
in  the  contnirv  dir«>tion  in  the  helix  B ;  and  on  breaking  cnntart^  the  ma^etiaa  k 
destroyed,  and  an  eqtiHily  strong  current  is  induced  in  B,  in  the  same  directioD  m  that 
in  A. 

The  name  effects  are  pwvdoeed  by  mnginetiBing  the  iron  bar  within  the  helix  in  any 
other  way  ;  thna  on  bringing  the  opposite  ptjles  of  two  bar  magneta  in  contact  with  Um 
extremib'eg  of  the  bar,  a  current  is  developed  in  the  helix  B  ;  and  on  rctnoring  the 
magnets  and  thereby  aamagnetising  the  bar,  a  momentary  current  is  formsd  Id  the 
contrary  direction. 

Again,  in  the  second  form  of  the  experiment,  if  a  bar  of  soft  iron  is  introduced  into 
the  roovttWs  helix,  u  current  is  doreloiu'd  in  t.h<>  fixed  helix  in  the  aame  direction  m 
vhon  the  iron  is  not  there,  but  of  greater  intenaity ;  and  if,  instead  of  the  helix,  ■ 
permanetit  magnet  be  thrust  into  the  tube  with  its  poles  in  the  same  direction  u  tho»e 
of  the  temporary  mftgnet  formed  by  the  helix,  the  aame  momentary  current  will  le 
produced  as  before,  ar.d  a  contrHry  current  on  withdrawing  the  magnet. 

The  direction  of  a  current  developed  by  the  action  of  a  magnet,  is  determined  by 
the  following  law  :— 7^  dewlopment  of  mflffitetUm  in  a  bar  0/ iron  in  the  neigUmtr- 
h>xtd  of,  and  at  right  angUt  to  a  dosed  canditctrnp  wirf,  or  tKe  movement  of  a  prrmaii/mt 
vut/fiift  in  tlu>  nfighhourkood  of  tueh  a  ivire,  inducet  in  it  a  current  of  elartrieity.  H» 
direction  of  which  m  opposite  to  that  which  wotdd  dcvehpe  the  eamt  magnftie  ptiaritf 
in  thr  iron,  or-impreajs  the  tama  motion  on  the  magnet ;  and  on  dfstrcying  the  mttgnttitm 
in  thf  iron,  or  matting  the  ptrmiPMint  magnet  the  contrary  ufay,  an  opposite  emrrait  ii 
de'irfopfd  in  thr  wire. 

The  intenBity  of  the  indu<'ed  cnrrents  ranee  with  the  length  and  diameter  of  t}i« 
wire  in  which  they  are  developed,  also  on  the  encrgj'  of  the  inducing  curreDta,  or  fiw 
power  of  the  mnguet.  In  general,  it  te  advantageous  to  use  very  long  wires,  and  erea 
to  join  severa!  helices  end  to  end ;  but  in  that  case,  if  the  induction  ia  not  effected  by 
the  action  of  a  magnet,  it  is  necessair  to  employ  an  inducing  current  proceeding  frcw 
a  battery  of  a  considerable  number  of  pairs.  These  conditions  raiy,  however,  aectudiaf 
to  the  effects  to  be  produced,  and  eousequently  with  the  nature  of  the  condav-ten 
through  which  the  induced  current  is  to  pass. 

An  electric  current,  at  the  momenta  of  its  commencement  and  cessation,  derelopei 
xromentoij  eurreots,  not  only  in  neighbouring  wires,  but  likewise  in  the  wire  throogli 
which  itself  is  passing.  When  a  copper  wire  is  made  to  dip  into  two  mereorj  caps 
attached  to  the  pt.ites  of  a  simple  voltaic  battery,  the  spark  produced  on  breaking  con- 
tact \s  much  brighter  than  that  formed  on  making  contact,  especially  if  thevtreisleiq; 
and  formed  into  a  coil,  and  still  more  it  it  is  coiled  round  a  bar  or  horse-shoe  of  foft 
iron.  The  cause  of  this  difference  is  that  the  battery  current,  at  the  moment  of  ttf 
eommencement,  inducee  an  opposite  current  in  the  conducting  wire,  whereby  ita  own 
force  is  partly  neutralised,  whereas  at  the  moment  of  eessution.  it  induces  a  secoodaiy 
current  in  the  soma  direction  as  itself,  whereby  its  force  is  augmented  and  a  stfougef 
■park  produced. 

These  secondary  currento,  which,  like  those  induced  by  the  current  in  neighbooiuf 
wires,  are  of  conait^  srubte  intensity,  may  be  rendered  erident  by  attaching  to  the  wiw, 
near  its  extremities,  two  thinner  wires  connected  with  a  galTanometer :  the  needle  will 
then  be  deflected  on  completing  and  breaking  the  battery  circuit.  If  the  extremitief 
of  these  thinner  wires  are  brought  close  togeuier,  a  spark  will  pam  between  thea  st 
each  completion  and  intemiption  of  the  circuit;  and  if  copper  cylinders  ar«  attiched 
to  them  und  held  in  the  moiatened  hands,  a  shock  will  be  felt.  When  the  seooodtiy 
current  is  diverted  in  either  of  these  waya,  the  brightness  ot  the  spark  which  sppeca 
on  breaking  the  battery  circuit  is  mnch  dimioishecC 

The  formntion  of  these  secondary  cnrrents,  called  extrs^ttrrenta,  will  be  ctsilj 
understood  If  we  remember  that  a  wire  mity  be  regarded  as  a  number  of  smaller  vim 
or  rowa  of  particles  laid  parallel  to  one  another. 

Indaeed  correnta  are  also  developed  by  the  influence  of  the  eartVi  nicgnetiiB, 
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JL  g.  when  a  rectangular  win?  whose  extrenutice  are  eonnected  witli  a  gHlranoin«t«r  is 
made  to  moTS  round  iUi  lower  ride  at  right  angles  to  the  magnetic  meridian.  The 
direction  of  the  cnrrent,  in  all  varieties  of  the  moTement  and  form  of  the  con< 
doctor,  maj  be  eaaily  made  out  ttam  the  preceding  genenil  rules,  remembering  that 
th«  north  magnetic  pole  of  the  earth  ia  analogoua  to  the  eoath  pole  of  an  oidinary 
magnet, 

Induetd  eurrtnU  of  higher  orders.  —  An  iadnced  current  is  capable  of  deTeloping 
other  indnced  eorrente  in  neighbouring  conductors  i  and  these  aguin  derelope  others, 
the  series  being  continued  tlirou^h  neveral  terms.  These  phctiomena  were  fint 
ohserredbyDr,  Henry,  of  Prince  ton  (Ann.  CLPhys.  [8]  iii  394),  who  made  use  of 
the  apparatos  represented  in  fig.  H$,  consisting  of  a  number  of  flat  apirab  of  covered 

Fig.  446. 


copper  riband.  The  flmt  spiral  a,  Is  eonnected  with  the  poles  of  a  Toltaie  battery  ; 
sU>re  this,  and  very  close  to  it,  is  placed  another  spiral  6,  the  ends  of  which  are  con- 
nected with  those  of  a  third  spind  c,  above  which,  and  verj  dose  to  it,  is  a  fourth 
spiral  i/,  connected  with  a  fiflh  r,  and  bo  on.  At  the  moment  of  interrupting  the 
battery  current  in  a,  an  induced  current  in  developed  in  A  in  the  same  direction  as  in  a; 
this  tnducrd  current  passra  on  to  c,  and  there  dcvdopcs  in  </  a  momentary  current  in 
the  ooDtratj  direction  ;  this  current  pa«spa  on  to  r,  where  it  derelopea  in  /  a  current 
wbose  direction  is  opposite  to  that  of  d,  Hud  therefore  the  same  as  that  of  a  and  b. 
The  direction  of  the  current  in  any  one  of  the  spimls  may  be  determined  by  inter* 
posing  in  its  circuit  a  galvanometer,  or  a  chemical  voltameter,  or,  as  in  the  flgnre, 
a  helix  contmning  a  steel  wire,  which  becomes  magnetised,  and  indicates  the 
direction  of  the  current  by  the  positions  of  its  poles. 

Of  the  induced  currents  developed  oo  interrupting  the  primary  or  battery  current, 
the  secondaiy,  (jnatpmary.  and  ail  of  even  order,  have  the  name  direction  as  the 
primary  current,  while  the  t^rtiarj',  and  others  of  uneven  order,  move  in  the  contrary 
direction. 

Similar  phenomena  are  olwerved  at  the  instant  of  doting  the  battery  circuit,  except- 
ing that  as  the  SKwndarj'  current  (in  the  helix  b  above)  is  of  contrary  direction  to  the 
pnnury,  all  the  induced  currents  of  even  order  also  move  in  th<?  direction  eontr.irv  to 
that  of  the  primary,  and  those  of  uneven  order  in  the  same  direction  as  the  primary 
currsnt. 

The  phenomenon  i«,  however,  more  complicated  than  the  preceding  description  would 
imply :  for  every  current,  however  developed,  induces  in  a  neighbouring  conductor  two 
other  currents,  one  at  the  moment  of  ita  commencement,  in  the  opposite  direction  to 
itself  the  other  at  the  moment  of  its  ceasatioo,  in  its  own  direction.  Hence  there  are 
in  reality,  two  secondarj',  four  tertiary  currents,  eigbt  of  the  fourth  order,  2"-'  of  the 
•itk  order.  It  is  only,  however,  the  secondary  currents  that  are  separated  fipom  each 
Other  by  a  finite  interval,  that  namely  between  the  closing  and  interruption  of  the 
battery  circuit,  which  may  b*  made  as  long  as  w<*  please;  but  each  of  tlie  secondary 
currents  has  but  a  mompntary  duration  :  consequently,  of  the  two  tertiary  currents 
which  it  produces,  the  second  follows  instantly  upon  the  tirst,  and  the  current  actually 
obsegrved  is  merely  the  difference  between  the  two.  Similarly  with  regurd  to  th* 
currents  of  higher  orders.  If  then  the  two  cunrents  developed  in  a  conductor  at  the 
same  instjuit  by  the  action  of  u  cuirent  of  the  next  lower  oraa>.  were  always  equal  in 
onantity  and  intensity,  no  eorrents  of  higher  order  than  die  second  could  ever 
oe  observed.  This,  however,  is  not  the  case ;  the  two  secondary  curreats  formed  at 
the  commencement  and  cessation  of  the  priroai7  current  are  equal  in  quantity,  pro- 
ducing equal  and  opposite  deflections  of  the  galvanometer  ;  but  they  differ  in  intensity, 
that  is  to  say,  in  their  power  of  overcoming  resistances,  tlie  direct  current  having  % 
greater  intenuity  than  the  invens*.  Simuar  differenees  of  intensity  appear  ahw  to 
exi^t  in  the  two  simultaneous  currents  of  anj  higher  order,  excepting  tnat  id  theop 
the  inverse  currents  possess  the  higher  intensity,  so  that  the  current  actually  produced 
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moves  !n  the  direction  contnrj  to  that  to  which  it  owes  its  origin.  That  tlie  udnnd 
cmrentM  of  orden  higher  tlian  the  second  are  reaU7  the  reiniltADt«  of  oppositi 
iiidaced  currenta  of  different  intensity,  is  in  accordance  with  the  fkct,  that  thej  are  dl 
capable  of  prodacing  chemical,  cdorific,  and  phjsiological  effects,  that  is,  of  traresna^ 
eireuite  which  offer  conHidemblG  reeintanoe,  out  that  the  gnlranometor  is  acarcelj  de- 
flected by  any  induced  cmrrpnt  of  higher  order  than  the  second. 

Induced  ciurenta  of  eeyenil  orders  are  likcwiae  prodnci^d  by  the  sudden  dixihai^  of 
electricity,  aa  by  the  dischaige  of  an  electrical  batteiy.  The  effects  are  aomewhat 
complicated,  but  the  general  laws  of  the  action  are  the  same  as  when  the  primaiy 
current  ia  continuous.  As,  howcTer,  the  nrimaiy  discharge  ia  instantaneona,  or  neariy 
Bo,  the  two  oppontc  secondaiy  cnrrenta  wnicli  it  induces  on  a  neighbooriim  oondoetcr, 
succeed  one  fliioth<»r  at  an  impeweptihly  short  interval,  and  therefore  n«arfy  ncntxaliM 
each  other,  if  the  circuit  does  not  present  much  resistance ;  but  if  the  circuit  ia  inter- 
rupted, cither  by  a  thin  wire  which  becomes  heatini,  or  by  an  interral  which  artm  zim 
to  the  piwsuge  of  a  apark,  oae  of  the  induced  currents,  generally  the  second,  or  thU 
which  has  the  same  direction  as  the  primary,  predominatea  over  the  other.  (Hiet^ 
Bmbungit-ekctncitdt,  ii.  266-36fi.— Matteueci,  Ann.  Ch.  Pbys.  [3]  it.  153.— Dot^ 
ibid.  iv. 336.— Marianini,  ibid.  x.  491 ;  xL  386.— Knochenhaner,  ilnd.  xriL  130. 
— Verde t,  ibid,  xxiv.  377.— De  la  Rive,  Traiti  i.  406.) 

T%eorif  of  EUctro-dynaTtiie  Induction. — The  foUowing  explanation  of  the  derelop- 
ment  of  indoced  currents  is  given  by  Be  la  Rive  {Traiti  i.  445).  Eleetro-dyuuaie 
induction  maybe  regarded  as  the  result  of  the  decomposition  by  inflnenee  of  the  natord 
electricity  belonging  to  each  particle  of  the  conductor  subjected  to  the  action  of  the  cxip. 
rent,  by  the  alr«idy  separated  electricities  of  each  piirticle  of  the  conductor  convfying 
that  current. 

Cooaidering  the  nurent  as  a  series  of  decompositions  and  reoonpoBttions  of  the 
electricities  of  contigvous  molecules,  suppoee  A  B  {Jig.  447}  to  be  a  condtictor  thnrngh 
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which  a  current  ia  passinfij  from  A  to  B.  Tlie  partides  which  compose  this  oondactof 
have  their  natural  electricity  decomposed,  the  -  £:  of  each  turning  towards  A.  which 
is  the  positive  pole  of  the  apparatus  generating  the  current,  and  the  ■♦-  £  to  B,  wfaicb 
is  the  nii^gatiTe  pole.  These  oppoRite  clectridtie«,  as  soon  as  they  are  separalei 
rccombine  from  particle  to  particle,  the  -Z  of  a  with  the  +  Eoi  the  pole  A,  the  -^of  I 
with  the  +  £  of  a,  and  so  on  up  to  A.  the  +  £of  which  unites  with  the— £of  the  poleB. 
This  recom  position,  which  iii  imtantaneous,  is  immodijitely  followed  by  a  new  decott- 
position,  then  follows  another  recompoaitioa,  &c  this  aeries  of  actions  going:  on  so  rapidlT 
that,  as  experiment  ahows,  the  whole  of  the  conductor  is  kept  in  a  constant  rt^  i 
tension. 

Now  let  there  be  a  second  conductor,  A'  F,  an  near  as  possible  to  the  fiwfc,  bat  iasi- 
lated  from  it  by  ailk  or  wax.  At  the  moment  when  the  current  begin*  to  pSM  thxooA 
A  B,  and  its  particles  are  polarised,  aa  in  the  figure,  those  of  A'  B*  become  polarM 
in  the  opposite  way,  the  +  E  of  each  particle  of  A'  B'  being  opposite  t/>  the  —  £  of  tlw 
corresponding  partidft  of  A  B ;  whence  it  follows  thut,  if  at  the  moment  when  tlis 
current  begins  to  pass  tlirough  A  H,  the  two  eitremibee  of  A'  B'  .r.  ...^rf^.i  !.„ , 
conductor,  such  as  a  gal  vanometHP- wire,  the  +  i?  of  the  particle  an 
conductor  with  the  —E  of  tlir  particle  A',  producing  thtrpfore  a  i  t 

whoae  direction  is  &om  A'  to  B'  in  that  conductor,  and  from  B'  to  A'  iii  Lli«  wiw  A  B 
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_^  .  that  if  to  My,  in  the  diKctioo  contrary  to  thot  of  the  inducing  cuironL  In  like 
IMnDer,  if  the  cnda  A'  F,  instead  of  being  joined  by  a.  conductor,  are  made  to  commu- 
nieate  seTenlly  with  the  two  platea  of  a  condenser,  A'  im|:>art«  to  it  a  charge  of  -f-  i^ 
B'  a  eharge  of  —£!,  As  soun  ua  a  has  lost  its  pomitiTe  tuid  A'  its  negative  electricity, 
the  —  £  of  a*  is  disgoiiuKl  by  the  +E  ofb',  »nd  so  on  to  ff',  the  —K  of  which  ia 
diii^iMd  by  the  +Eof  A'.  Theee  opposite  el«<4ricitieB  attacb(^d  to  the  contiguooa 
partadea  do  not  at  onoe  recombinc  and  neutraliae  one  another,  because  they  are 
nuined  in  their  place*  by  the  opposite  electridtiee  of  the  particles  of  A  B ;  bat  ac 
■ooB  aa  the  current  eeaaea  to  pass  illong  A  B,  the  —  £  of  a'  unites  with  the  •»-  £  of  A' 
through  the  medium  of  the  conductor  which  connects  the  ends  A',  B',  and  at  the  same 
time,  the  opfxiaite  electricitiea  of  the  particles  a',  U,  c,  d",  e',/",  and  g'  rwombine,  pro> 
dacing  a  earreot  from  B'  to  A'  in  the  conductor,  and  from  A'  to  B'  in  the  wire  itMli^ 
that  ia  to  say,  in  the  same  direction  aa  Uie  primary  current  in  A  B.  The  state  of 
tension  of  the  wire  A'  B'  during  the  time  that  the  current  is  poaaing  through  A  B,  is 
that  whkh  Faraday  calls  the  eUctrotonic  9taU ;  its  creation  produces  the  firat  induced 
current,  and  its  oesaation,  the  second. 

This  mode  of  explanation  is  not  however  xery  aatiafiictoiy,  and  it  does  not  show  clearly 
vby  the  secondary  currents  are  produced  only  at  the  commencement  and  ceasation  of 
the  primary  current,  and  not  during  its  continuance.  Supposing  a  molecular  polari- 
•ation,  like  that  represented  in  fig.  447,  to  be  produced  in  the  two  wires,  a  dischvge 
ought  to  oomr  in  A'  B'  at  the  same  instant  as  in  A  B,  then  a  second  decomposition  of 
electricitiea,  then  a  second  discharge,  and  ao  on.  as  long  as  the  current  in  A  B 
eoDtiDiiaa.  In  short,  all  the  changes  of  state  in  A  B  ought  to  be  reproduced  in  A'  B', 
inYenelT  and  with  len  intensi^.  More  complete  thfories  of  electro-dynamic  in- 
duction oaTe  been  given  by  Weber  (Pogg.  Ana.  Ixxiii.  193),  and  Neumann,  (AbbaudL 
d.  Bad.  AomL  1845,  1,  and  1847,  1) ;  but  they  are  not  of  a  nature  to  be  introduced  into 
this  wotk.  (See  Wiedemann,  (ra/tttinJ«fr«tM,  &a  iL  675;  Miiller.LoArJ^cA,  ii.  378.) 

Afagnrto'clectric  Machinrt.  —  The  preceding  principles  have  been  applied  to 
the  coDfltmction  of  machines  tbr  the  rapid  and  oontinnoos  deTelopmont  of  induction 
earrenta.  All  these  machinoe  depend  upon  the  rapid  magnetisution  and  demagnetisa- 
tion of  a  bar  of  soft  iron  round  which  a  continuous  wire  is  coiled,  the  derelopment 
and  destruction  of  tb*>  magnetism  being  effected,  either  by  giving  the  bar  of  iron  a 
continuous  motion,  which  causea  it  to  paM  at  abort  interrak  Mbre  a  magnetic  pole, — 

by  aubjecting  it  to  the  influence  of  an  electric  current^  the  circuit  of  which  is  com- 

Ited  and  broken  at  very  short  int<'rTal«. 

Saxton'a  mftcn^^to^h-ctric  machine  {fi<f.  448)  consists  of  a  strong  horse-shoe  magnet, 
fixed  horizontallr,  and  a  soft  iron  keeper  in  the  form  of  a  horse-shoe,  each  arm  of 
which  ia  encircled  by  a  8ilk-coTi»red 

wire;.    The  keeper  is  made  tore*  Ffff.  448. 

toIto  on  a  horuontal  axis  bv  an 
andlcas  cord  passing  round  a  wheel, 
irikenby  the  two  extremities  of  the 
keeper  are  brought  in  front  of  the 
poles  of  the  magnet  twice  at  each 
Inra  of  the  wheel.  By  this  motion, 
the  keeper  is  altematelT  magnetised 
and  nnmagnetuied.  When  it  ia  in 
the  tuial  position,  that  is  to  say, 
vhao  its  ends  face  the  poles  of  the 
nacnet,  as  in  the  figure,  it  is  mag- 
netwed ;  when  it  has  got  a  quarter 
round,  or  info  the  equatoruU  po- 
sition, it  is  unmaguf^tised ;  when 
half  found,  it  ia  again  a  magnet', 
but  with  its  polo«  in  the  revt-rse 
of  their  former  direction  ;  wht^n  tlire^narters  round,  it  has  again  loet  ita  magnetism, 
and  so  on.  Now,  as  the  loss  of  one  kind  of  magnrtic  polarity  is  the  same  as  the  gain  ol 
the  opposite  kind,  it  is  easy  to  see  that,  ut  ♦•ach  complete  turn  of  the  wheel,  tliere  will 
be  two  currents  in  opposite  directions  dcTeloptni  in  each  of  the  coils  of  wire.  Further, 
on  comparing  each  of  ths  induced  currfnU  in  one  of  the  wires,  with  that  which  is 
induced  at  the  same  instant  in  the  other  wire,  it  is  clear  that  thwe  two  currentfl  rnmrt 
more  in  rontmry  di^eption^  since  the  magnetic  poles  to  which  they  owe  their  origin 
arc  of  opposite  kinds.  Hence,  to  enable  these  currents  to  unite  their  forct^  inntead  of 
nentralisinp  t<nch  other,  it  ia  necessary  to  goin  togrther  the  two  ends  of  ench  of  the 
wirr»s  frotrt  which  the  current  appears  to  issue,  and  the  two  by  which  it  apwars  to 
enter  at  the  aame  time ;  thoM  four  ends  thus  joined  two  and  two,  present  but  two 
eztremitieB  or  poles,  which  may  be  connected  with  the  body  throngh  which  the  indiu»)d 
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eorr«>Dta  *r©  to  be  sent  Another  mode  of  oonaection  is  to  Join  the  extremi^  of  om 
wire  from  which  the  current  issues,  with  that  extreraity  of  the  other  ftt  which  it  entao^ 
at  the  same  inatAnt  leaving  the  other  endii  free  to  form  the  polea.  Theie  two  BirmoKt- 
nion(j«  diffttr  in  this  respect,  that  in  the  former  there  are  two  parallel  eireiuta^  tna 
pftccta  of  which  are  added  together,  whereaa  in  the  aecood,  there  is  only  one  cuvait 
twice  as  loug  as  the  former.  The  second  circuit  has  eridentlj  much  le«e  condQctiag 
pow(>r  than  the  fimt,  which  consists  of  two  wireg  only  half  as  long  as  the  single  win 
of  the  second  ;  it  is  therefore  the  arrangement  to  be  preferred  when  the  induced  cor- 
rents  are  intended  to  pass  through  imperfect  conductors,  or  interruptions  in  thecircniL 

To  ostablish  the  oonncctions  between  the  two  extremities  or  jKiJes  of  the  wire,  one 
of  them  is  brought  in  contact  with  a  metal  red  fixed  on  the  prolongation  of  the  axis  it 
the  middle  of  the  keeper,  and  moving  with  it,  —  the  other  with  a  vertical  nut«I  dice 
fixed  by  its  centre  to  the  iwime  T*xi,  which  piisses  through  it,  but  is  well  insulated  from 
it  by  n  glass  tube  enveloping  the  rod  Thp  disc  dips  constiintly  by  its  Iowat  put 
into  a  litdo  trough  of  mercury,  which  also  receives  in  Huccession  the  two  points  ci 
a  bttle  brass  needJe  attached  to  the  end  of  the  rod,  and  in  metallic  commonicatiaa 
with  it  Ever)-  time,  therefore,  that  one  of  tlie  points  of  the  needle  is  brought  bjr  the 
rotation  into  such  a  position  as  to  dip  into  the  mercoiy,  a  metallic  commnmeatioD  is 
established  between  the  extremities  or  poles  of  the  two  coils  of  wire.  If  the  needk 
is  rf<^usted  BO  that  each  of  its  points  saall  dip  into  tlie  mercury  ju9t  as  the  keeper 
airiTCB  in  front  of  the  poles  of  the  magnet,  and  emerge  as  it  quits  thenu,  the  fink 
induction  current  is  developed  at  the  moment  of  immeraion,  the  second  at  the  momeat 
of  emersion.  Both  the  immersion  and  the  emersion  are  therefore  accompanied  by  aa 
electric  spark,  so  that  a  constant  succession  of  bright  sparks  is  produced  as  long  as  the 
rotation  of  the  wheel  is  continued. 

To  send  the  inducpd  current*  through  any  required  conductor,  the  needle  is  removed, 
ftnd  the  pointed  end  of  a  small  mptallie  rod,  fimilr  fixed  to  the  framo  of  the  appnrutns, 
M  piressed.  against  the  extremity  of  the  axis  of  rotation,  which  is  hollowed  out  for  tha 
purpose,  the  other  end  of  the  rod  dipping  into  a  cop  of  mercury.  Wien  the  mercury 
in  this  cup  and  that  in  the  lasin,  int*^  which  the  disc  above  mentioned  constantly  dips, 
are  connected  by  any  conductor,  the  induced  currents  must  necessarily  pass  throujfk 
that  conductor.  To  render  the  connection  perfect,  the  bottom  of  the  cavity  at  the  end 
of  the  axis  is  amalgamated. 

Magneto-eleictric  current*  are  Bimilur  in  most  of  their  effects  to  voltaic  currentt; 
they  heat  thimrires  to  redne5s,  decompose  nciflulnted  water,  and  give  powerful  abocka 
Tu  produce  this  last  cfftx^t,  two  wires  attached  to  metal  cylinders  {Jiff.  449)  are  con- 
nected,  one  into  the  mercury  in  the  little  cup,  the  other  with  tliat  into  which  the  di« 
dips ;  thn  cylinders  are  held  in  the  hands,  previously  slitjhtty  moistened  with  salt  water. 

Mugncto-electric  currents  differ  however  from  voltaic  currents  in  being  discoa* 
tinuuus,  and  when  produced  by  the  machine  above  described,  in  moving  ia  two 
opi^iosite  directions  alternately.  This  discontinuity  is  the  cau!<e  of  the  powerfal  ihocks 
which  ihey  give ;  a  voltaic  current,  the  circuit  of  which  is  rapidly  completed  sad 
broken,  likewise  produces  much  more  powerful  shocks  than  a  continuous  current  &om 
the  mime  battery.  The  altemaf  <?.  movement  of  the  magneto-electric  current*  in  opposite 
directions  has  a  considerable  effect  on  its  power  of  chemical  decomposition :  for  tins 
repeated  change  of  direction  necessarily  causes  a  mixture  of  oxygeo  and  hydroeen 
gases  to  be  evolved  from  each  electrode ;  and  if  the  surface  of  the  electrodes  b  taucr 
large,  considerable  quantities  of  these  mixed  gases  neoombin©  and  form  water,  eap^ 
dally  wheo  the  alternate  currents  succeed  each  other  very  rapidly,  so  that  the  twe 
gases  are  presented  to  each  other  almost  in  the  nascent  state.  Hence  it  may  happen 
that  the  quantity  of  gas  collected  in  the  voltameter  is  very  small,  although  the 
currents  may  be  vcrj  [wwerful,  und  produce  great  heat  in  melulh'c  wires  int«ipo8ed  in 
the  circuit.  These  altenitite  currents  produce  no  deflection  of  a  galvanometer  needle: 
whence  we  may  conclnd*^  that  they  are  eqnal  in  quantity. 

It  is  possible,  however,  to  arrange  the  interruptions  of  the  circuit  in  such  a  manner 
a»  to  prmluce  a  series  of  currents  all  in  one  direction.  This  is  effected  in  Clarke'i 
m agneto- electric  machine  (/</.  449).  The  magnet  A  is  vertical,  and  the  connections 
are  made  without  tnercury,  by  means  of  a  small  steel  spring  O.  pressing  againifca 
metal  t-ylinder  K,  fixed  upon  the  axis  in  place  of  the  vertical  disc  in  Saxton'e  madltBi^ 
and  inHubttr-d  by  a  glas.-*  or  wooden  tube.  Near  the  extremity  of  tlie  axis  is  fixed 
another  cylinder  H,  serring  as  a  contact-breaker,  for  which  purpose  its  aor&oe  il 
formed  half  of  metal  and  half  of  wood,  bo  that  a  second  spring  Q,  which  prassea 
constantly  again.st  it,  is  brought  in  contact,  as  the  luis  revolves,  sometiraes  with 
the  mettd,  sometimes  with  the  wood,  and  consequently  is  sometimes  in,  aometiiDfi 
out  of  communication  with  one  of  the  extremiti*^  of  the  coil,  whilst  the  otbw 
spring,  presiding  constantly  against  the  other  cylinder  K,  which  has  a  continuous 
metallic  surface,  is  always  in  contact  with  the  other  end  of  the  coiL     To  obtain  a 
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tnccevioD  of  enmnta  all  in  the  Muno  direction,  it  in  only  neeMsarr  to  fix  the  diso 
H  in  laeh  «  muiner  that  the  ipring  may  press  d^iiiiut  the  met«l  part  of  it«  sur- 
fiioe,  while  the  keeper  i»  pa«ing  Qrom  one  axial  pontlon  to  the  opposite,  Mid  against 


Fig,  449. 
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the  wood  daring  the  oth«r  half 
of  the  rerolution.  By  this  ar- 
rangement, one  of  the  opposing 
corrent*  is  cut  off  at  every 
turn  of  the  wheel,  and  a  rapid 
■Qooesrion  of  carrenta  is  sent 
throngh  the  wire,  ail  in  one  di- 
rection, and  capable  of  producing 
all  the  effects  of  the  continuous 
ciUTcat  of  a  voltaic  batt^'ry  of 
high  tcoaioQ,  the  reaembUnoe 
betwven  the  two  being  greater 
••  the  momentary  currents  sue- 
ceed  ooc  another  with  greater 
rapidity.  When,  howerer,  the 
length  and  trinity  of  the  wire 
f»eiwd  s  certain  limit,  the  in- 
duced correuts  are  no  longer 
capable  of  hi:^atiog  wires  or 
decompOBiDg  el«;trolyt«a,  bnt 
their  physiological  effects  be' 
come  more  intense.  These  differ- 
eaoee  depend  npoD  the  relatiro 
condacting  power  of  different 
parts  of  the  circuit,  and  on  the 
quantity  of  electricity  in  the  cur- 
rents. When  the  wire  is  vpry 
long  and  thin,  and  coneeqaently 
offers  eossiderable  resi.stanco  to 
the  passage  of  electricity,  the 
mrrenis   are  small   in  quimtity 

but  of  high  intensity,  

Tki'  ludttction^coU. — The  most  powerfnl  of  all  magiieto-clectric  machiaes  are  thoM 
in  which  the  soft  iron  Is  magnetised  and  unDiagnetised,  not  by  moring  in  front  of  a 
pi-rmsnent  majnict,  but  by  the  action  of  an  clpctric  current,  the  cin:nit  of  which  is 
completed  and  broken  in  rapid  succession.  These  instruments,  called  induction- 
coils,  offer  considerable  variety  in  the  details  of  their  construction,  but  they  all 
consist  eseeutiaHy  of  a  hollow  cylinder  containing  a  bar  of  soft  iron  or  a  bundle  of  iroa 
wires,  and  having  two  helices  of  wire  coiled  round  it,  as  in^^.  443,  one  connect«d  wilh 
the  poles  of  a  TMtaic  battary,  the  other  serving  for  the  development  of  the  induced 
current*.     The   alternate   interruption   and   dosing  of  the   battery-circuit   may  be 
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effected  by  means  of  a  metal  spring  con- 
nected with  one  end  of  die  battery-coil, 
aod  pressing  against  the  circumference 
of  a  toothed  wheel,  the  aiis  of  which  is 
connected  with  the  other  end  of  the  same 
ouiL  so  that,  aa  the  wheel  is  turned  round, 
the  end  of  the  spring  is  Bomctimes  in  con- 
tart  with  the  tpt^th  and  completes  the 
eitviiit,  sometimes  passes  between  them 
and  interrupts  it ;  but  it  is  generally  bet- 
ter to  adopt  H  **lf-iiclingiirrangemeDt,  as 
in  tlie  apparatus  of  Bonijol  representctl 
in  ji^.  450.  In  this  machine,  a  fixed 
curved  rod  of  mt-tal,  A  B,  and  an  elastic 
riband.  C  D,  are  iiitt>rpoM«d  in  the  circuit 
of  the  inducing  or  battery  current.  Tlie 
riband,  by  its  elostieity,  presses  agaiiijtt 
the  end  B  of  the  metal  rod,  and  the  two 
surfiicee  of  contact  are  covfred  with  discs 
of  platinum  to  prevent  oxidation.  The 
elastic  riband  is  pierot^i  at  E  by  a  ro«l  which  can  be  raised  or  lowered,  so  as  to  briug 
its  lower  oxtremjfy,  to  wliicli  is  attaehed  m  horizontal  diw  of  iron,  to  a  convenient  dis- 
Unce  from  the  bundle  of  wires  in  the  axlti  of  the  cylindor.    On  making  contact  with 
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the  battery,  the  Boft  iron  eore  of  the  cylinder  becomefl  niD^etised,  and  ftttmeta  Uu 
little  disc  of  iron,  whicli  pulla  the  eluKtic  riband  along  with  it,  nud  aepanat^B  tli«  con 
fucee  B,  B,  thereby  breaking  the  drcait  As  soon  as  this  takes  place,  the  iron  vim 
lose  tlic^ir  mai^Detism,  the  iron  disc  is  no  longer  attracted,  and  the  daatidtj  of  the 
riband  C  D  forc««  it  up  again,  bringing  the  surfacoe  B,  P  in  oootact  and  coopletiBg 
the  drcait :  and  this  aeries  of  actions  b4>ing  repeated  with  great  rapiditj,  ma  cqaall/ 
rapid  eeries  of  induced  currents  is  produced  in  tlie  other  helix,  the  ends  d  which  cooif 
inunicale  with  the  wires  F,  G.  Consequently,  any  conductor,  metallic,  electraljtic^  dee. 
interpcwed  between  F  and  Qt  receives  these  inductiou  currents.  One  of  the  poki  ci 
the  battery  is  connected  with  the  end  H  of  tbo  iuduciug  coil,  and  the  otbar  with 
the  end  C  of  the  elastic  riband,  the  rod  A  B  being  connactwl  by  a  wire  with  tha  other 
end  K  a£  the  inducing  coiL 

The  apparatus  is  ako  provided  with  another  kind  of  current-breaker,  consisting  of  a 
spring,  M,  and  a  toothed  wheel,  "S,  which  is  used  when  the  self-acting  corrent-breakfr 
above  described  cannot  be  made  available,  as  for  example  when  the  inducing  ooil  ii 
required  to  act  on  the  other  coil  without  the  aid  of  the  soft  iron  core. 

The  most  powerful  form  of  induction-coil,  that  of  Ruhmkorif  {fy.  451),  aefcB  hf 
moans  of  a  self-acting  current- hreuker,  like  that  Just  de^'ribe<l     The  cylinder  of  thii 

Fig.  451. 
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mncliinp  is  a  foot  or  eighteen  inches  lonf^,  and  ia  BmToqnded  T^y  a  eoQ  of  thick  wire  to 
convey  the  inducing  cnrrent,  and  a  much  longer  coil  of  thin  wire  for  the  deTeU»pm«nt  of 
tfaeindiieed  cnrrents.  The  wires  arp  insulated  with  redn,  and  the  direction  of  the  indacii^ 
current  can  be  changed  at  pleasure  by  a  commutator.  To  increase  its  power,  M,  Fi««»ii 
has  added  to  it  a  condenser,  eonsiftiug  of  two  metallic  ribands  bent  one  round  th* 
other,  and  serarated  by  oiled  silk ;  thi>se  ribands  commnnicat«  with  the  two  extretni> 
ties  of  the  inuucing  wire^  and  thus  become  charged  when  the  circuit  ia  broken,  and 
discharged  when  it  is  completed  ;  this  discharge,  being  in  the  same  direction  as  the 
current,  preatly  increases  ita  power. 

In  all  th^se  induction  apparatns,  a  bundle  of  wires  is  mnch  more  eflFecttve  in  dtvi^ 
loping  the  the  induced  cnrrents  than  a.  solid  cylinder  of  iron,  apparently  hceanMb  il 
the  latter,  superficial  enrrentd  are  devtloped  by  the  action  of  the  indncing  cncreB^ 
which  interffr©  with  the  principal  eflRwt.     See  De  la  Rive  ( Traitf,  I  422"). 

The  currenta  developed  by  the  induction-coil,  especially  of  RuhmkorflTs  coustraa- 
tion,  are  of  very  high  intensity,  capable  of  giving  long  sparks,  and  shocks  of  aseod1l^ 
able  force.  They  are  also  capable  of  iguiting  gunpowder  and  other  inflamnuhls 
Bubstancos,  and  the  appamtua  has  hf-en  luwi  for  exploding  charges  of  sunpcrwder  for 
mining,  enginflering,  ftnd  military  purposps.  For  niilifary  purposes,  nowerrer,  <n»> 
dully  for  opcratioas  in  the  open  field,  the  use  of  the  voltaic  battery  is  attended  wrt 
some  inconvenience ;  and  Messrs.  Whe&tst  one  and  Abel  have  nncceeded  in  ptodnoDf 
the  same  effects  by  means  of  a  magneto-electric  machine,  in  which  the  currents  u» 
developed  by  meclLjnical  movement,  as  in  Saxton's  and  Clarke's  mnchines.  The  sp- 
paratns  contri  vr<d  by  Mr.  W  heats  to  n  e  for  this  purpose,  oonmsts  of  six  small  magnets,  to 
the  poles  of  which  are  fixed  soft  iron  b«rs,  snrroundHi  by  coiIm  of  insulated  wire.  Ths 
coils  of  all  tlie  miignets  are  nnjted  together,  so  as  to  form,  with  an  external  condnetiiig 
wire  and  the  earth,  a  single  circuit.  A^  axis  carries  six  soft  iron  armntnres  in  «oe» 
cession  before  each  of  the  coils.  By  this  arrangement,  all  the  mngnets  charge  t)>* 
wire  aijDultaaeoualy,  and  produce  the  cfPect  of  a  single  magnet  of  more  thaa  aiz  tioM 


MEASUREMENT  OF  ELECTRIC  CURRENTS.    459 


» 


'tiM  tthnmioai* ;  and  aiz  i*iirrent«  are  genented  dariiig  a  fnngle  r«TolDtion  of  tli«  ftxia,  so 
that  with  the  aid  of  a  moltiplying  motion  applied  to  the  axia,  a  yvrj  rapid  aaeecwioii 
of  earrenta  ii  produced. 

Gunpowder  alone  may  be  fired  br  the  magneto-electric  discharge,  eapocially  whea 
itJi  coDducting  power  ia  increased  by  the  pretence  of  a  small  quantity  of  moisture. 
Better  reaolta  are,  however,  obtained  by  the  uae  of  fusei  contAining  more  inflammable 
mbatanoea,  such  aa  fhlminatang  roermry.  But  the  beat  mittnre  for  the  purpose  ia  that 
iareated  by  Mr.  Abel,  conaisting  of  a  mixture  of  phosphide  of  cupper  (p.  73)  with 
chlorate  of  poto&siom.  and  a  smull  quantity  of  cuproua  Kulphide,  to  increase  its  con- 
ducting power.  For  tho  description  of  the  fuses  oaed,  and  other  dettula  of  the  app** 
ratuj  Mid  nmnipiilatiaoa,  see  Abel  (Cham.  Soo.  J.  xir.  180). 


MiusTTBawBirr  of  ths  Fobcs  of  Electric  CrmaBNTa. 

Okm'M  Formula.— The  amount  of  electric  or  chemical  ^wer  developed  in  the  vol- 
taic drcoit,  or,  in  other  words,  tho  qoaotity  of  electriaty  which  paaaea  through  a 
transTeTHe  section  of  the  circuit,  in  a  unit  of  time,  eridently  depends  n^oa  two  condi- 
tiosa  ;  via.,  the  power,  or  electromotive  fnrce  of  the  buttery,  and  tho  reaiatoDce  offered 
to  the  passage  of  tho  current  by  the  conductors,  liquid  or  solid,  which  it  has  to  tjaverae. 
With  a  given  amount  of  r^^Mstancc,  the  power  of  the  battery  is  proportional  to  the 
quantity  of  elfotricitv  developed  in  a  mven  time;  and  by  a  double  or  treble  rosist- 
aoeoi,  we  meau  sioipty  that  which,  wiUi  a  given  amount  of  exciting  power  in  the 
battery,  reduces  the  Quantity  of  electricity  <^velope^l,  or  work  done,  to  one-half  or 
one-third,  lli  then,  the  electromotive  force  of  the  battery  be  denoted  by  E,  and  the 
iwsijitance  by  R,  we  have,  for  the  quonti^  of  electricity  paoaing  through  the 
CtTCtiit  in  a  unit  of  Lime,  the  cxpresainn  : 


I        Tl 
I     ftr«t 


E 


(1) 


I 
I 


This  ia  called  Oh m^s  law,  trom  the  name  of  the  distinguished  mathematician  who 
ftnt  announced  it 

By  means  of  the  formula  (1),  we  may  eatimate  the  effect  produced  on  tho  strength 
of  the  cuzrent  by  increasing  the  number  and  size  of  the  plates  of  the  buttery.  Tha 
WHMtinffw  R  eonsistfl  of  two  ports ;  viz.  that  which  the  current  experiences  in  passing 
tlnoii^  the  oellB  of  the  battery  itself,  and  that  which  is  oQered  by  the  external  coo- 
dttCtor  which  joins  the  poles ;  this  conductor  mav  cotmist  either  wholly  of  metal,  or 
partly  of  metal  and  partly  of  electrolytic  b'qnids.  Let  the  rrsibtance  within  the 
biitteiy  b«  r,  and  the  extenuJ  reaistanca  r;  then,  in  the  one-celled  battezy,  we  bam 


E 


(2) 


Now  suppose  the  batteiy  to  consLBt  of  n  oella  perfectly  similar ;  then  the  electrorootlre 
forca  bMomea  hE,  the  resistance  within  the  battery  nr  ;  if,  tlien,  the  external  resist' 
moot  remauis  the  same,  the  strength  of  the  current  will  be  denoted  by 


nE 
~nr  +  r' 


(3) 


r*^ 


If  r  be  amall,  this  expresaioQ  has  nearly  the  same  Talue  a« ;;  that  is  to  say,  if 

the  circuit  be  closed  by  a  good  conductor,  fiich  aa  a  short  thick  wire,  the  quantity  of 
electricity  dereloped  by  the  compound  batteiy  of  «  cells,  is  soneibly  the  same  aa  that 
evolved  by  a  single  cell  of  the  same  dimt^nsinna.  But  if  r  in  of  considerable  amount, 
aa  whi'U  the  circuit  ia  closed  by  a  long  rhtn  wir«,  or  when  an  electrolyte  is  interposed, 
the  strength  of  the  current  increases  considerably  with  the  number  of  plates.  In  £MSt» 
tile  exprewion  (3)  ia  always  greater  than  (2) ;  for :  — 


nE 


(n.  -  I)  Er' 
{nr  +  r)  (r  ■»-  r) 


quantity  which  is  necessarily  positive  when  n  is  greater  than  onitT. 

Suppow,  in  Ujo  next  place,  that  tho  size  of  the  plates  is  inereaeed,  while  their  num- 
ber remains  th*"  same.  Then,  according  to  the  chemical  throry,  an  increnee  in  the 
surface  of  metal  acted  upon  must  produce  a  proportionate  increase  in  the  quantity  of 
electricity  develop«^,  provid»>d  the  conducting  power  of  the  cirruit  is  Kaffici«>tit  to  give 
it  passnge.  According  to  the  theory  which  attribntes  the  development  of  the  »»lec» 
thcity  to  the  coutuct  of  duMiimikr  metals,  an  in<a«a8e  In  the  sue  of  the  plates  docs  nof 
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inavasethe  <>!octToraotlTe  force,  but  it  dimxuwhca  the  resiBtanoe  within  the  celkcf 
the  battery  by  offering  a  wider  passage  to  the  electricity.  Hence  in  the  single  cell,  if 
th«  sarhce  of  the  plat«s,  and  therofore  the  transTprse  section  of  the  liqoid,  be  io' 
ereaaed  m  times,  the  expresaion  for  the  strength  of  the  current  beoomes : 


tuE 


^  +  f^ 


r  +  mt^ 


mE 


If  r'  be  Bmall,  thU  expresaion  is  nearly  the  name  as ^  that  ifl  to  My,  tho  quan- 
tity of  electricity  in  the  current  incrcaseB  Tery  nearly  in  the  same  ratio  at  tha 
■iae  of  the  plates ;  but  when  the  external  roBistance  is  considerable,  the  adTanttg* 
gained  by  incieaaiDg  the  8iz«  of  the  plates  is  much  lees. 

We  may  cionclude,  then,  that  when  the  rcsiatanc^  in  the  cLrcait  is  small,  u  n 
electro-magnetic  experiments,  a  email  number  of  large  plates  i»  the  moHt  adTanta^eoo* 
form  of  battery;  but  in  overcoming  great  reeiatancea,  power  iJ  gained  by  inereauog 
the  number  rather  than  the  size  of  the  platen. 

We  have  seen  that  the  chemical  or  elect polytic  power  of  a  Toltaic  current  ia  propor- 
tioual  to  the  amount  of  chemical  at^tion  which  goes  on  in  the  battery,  and  that  the 
quaotitiee  of  diifereut  electtt>lytes  decomposed  by  the  same  current,  are  t«  ooe  another 
aa  the  weights  of  their  comparable  molecules  (p.  439).  Hence  the  chemi(^  pcnnr 
of  liny  current  may  be  measured  by  the  quantity  of  gas  collected  in  a  given  time  ia  a 
Toltamoter  plucpd  id  the  circuit. 

But  it  in  by  no  means  evideut  that  the  magnetic,  calorific,  and  other  effects  of  the 
electric  current  are  proportional  to  its  chemical  power,  and  even  if  they  were,  the  «vl- 
tjiraetcr  would  not  afford  a  convenient  measure  of  them,  since,  besides  b^ing  eomevhiit 
Qncertain  in  ita  indicHtions,  in  consequence  of  the  absorption  and  partial  recompodttoa 
of  the  oxygen  and  hydrogen  evolved,  it  requires  a  certain  time  to  elapse  before  a  suffi- 
cient quantity  of  gas  is  colli*eted  for  measurement,  and  cannot  therefore  give  notice  of 
any  momputary  variations  in  the  power  of  the  current.  Hence  to  obtain  exact  measiun- 
mcnts  of  the  raagnetii;  force  of  a  current,  it  ts  necessary  to  resort  to  the  magnetic 
actioa  itself;  instruments  for  this  purpose  are  called  Gulvanoraetcrs  or  Rbeo* 
meters.  The  so-called  galvunnmeterrt,  alrc-nd^  described  (p.  443),  are  really  fttJy 
galvunosenpes  or  multipliers;  they  indicate  with  grfst  delicacy  the  existeoee  and 
direction  of  a  current,  but  are  not  adaplwl  for  qnanfitAtive  nieasurement. 

Tfw  Tangmt  Ga/vanamfter  or  Tangcjit  Cofupftsn. — In  the  true  galvanometer 
4&1)  the  current,  in8t«*ad  of  passing  through  a  long  coil  of  wire  placed  close  to 
needle,  is  made  to  pass  through  a  broad  circular  band  of  brass  or  copper  F  Q,  of  < 
■iderable  dimensions,  in  the  centre  of  which  ia  placed  a  mst^rtietic  needle  n,  the  leoglb 
of  whicli  is  very  small  in  comparison  with  the  diameter  of  the  circular  oondnetcr  (it 
should  not  exceed  ^),  so  that  the  ilistance  of  the  extremity  of  the  needle  from  the 
conductop  P  Q,  ana  consequently  the  force  exerted  upon  it  by  the  current,  may  be 
wnsibly  the  same  at  all  angles  of  deflection.  The  instrument  is  placed  so  that  tit 
plane  vf  the  circle  P  Q  cmnridt-D  with  the  mngnctic  median. 

To  dctermiue  the  relation  which  exists  under  these  circnmstoncee  between  the  de- 
flection of  the  needle  and  the  force  of  the  currflnt,  let  N  9  (fig.  463)  repraeeata 
long  horizontal  wire  stretched  in  the  direction  of  the  magnetic  meridian,  and  soppoMa 
magnetic  needle,  placed  with  it»  centre  vertically  under  the  wire,  to  bo  defleetea  by  a 
current  passing  along  the  wire  in  the  direction  nti,  making  an  angles  with  the wira 
The  current  impels  the  pole  s  in  the  direction  */,  perpendicular  to  N  S,  while  the 
eaith's  magnetism  acts  upon  it  in  the  directiou  tg  parallel  to  N  S.  Let  the  lines  »/, 
M  g  \m  taken  proportional  to  the  matiruitudea  of  these  two  forces :  draw  a  $  6  perpen- 
dicukr  to  n  t,  and  fb,ga  paraEel  to  iL  Then  the  lines  »  a,  t  h  Tcpreacnted  the  eom* 
ponents  of  the  forces  tj,  »  g  acting  at  right  angles  to  the  needle,  and  tending  to  morv 
It  one  way  or  the  other;  hence,  to  keep  the  needle  at  rest,  s  a  must  be  equal  to  f  A. 
Kow  aa  =  »g  sm^  and  *h  =  afco&  <f> ;  therefore  the  condition  of  cq'jilibrium  is: 


4 


sfcoa  ^-m  Mg  nnfi 


therefore,  ^  "  sg »  «a  tan  ^ 

^  cos  4>        '        ^ 


lu  like  manner,  for  another  angle  of  deflection  f ',  we  should  hare  *f 
therefore : 

»/ :  s/*  «-  tan  ^  :  tan  ^  ; 

that  is  to  81^,  the  mugnetic  foret  of  tie  current  is  proportional  to  tkt  tangtnt  e/  ik 
mngU  of  it  flection. 


4 
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1 9m0- Galvanometer  or  Sine-Compata, — To  aroiiJ  iny  error  that  may  ariM  from  th«i 
difivretit  relative  posidona  of  tbe  needle  and  cooducfing  wire  at  dij9«reQt  indinationSf 
the  conBtructioD  of  the    galTuitiTaet«r  la   Bomctimes 
Bodifiedin  auch  a  manner  as  to  keeptlie  needloolwnya  ^9-  ^^ 

Ib  tb«  plan«  of  the  circukr  conductor.  For  this  pur- 
poM,  tbe  u&4^«  is  placed  in  tbe  middle  of  a  borixoDtol 
oirided  circle  (fig.  464),  which  ia  ita«Lf  pkced  within  a 
rertical  circle,  the  two  being  movable  toother  round  a 
Tfftieal  axis,  and  the  amount  of  thia  rotation  being  tnca- 
mired  on  another  horiKoatul  circle  below.  The  conduct 
ingwirr.whichia  of  copper  covered  with  flilk,  is  wound 
•everal  times  round  the  verticiil  circle.  The  instru- 
ment ia  first  placed  with  the  vertical  circle  in  the  plane 
of  the  magnetic  meridian,  the  magriftic  needle  and 
tbe  iodez  of  the  lower  horizontal  circle  then  standing  at 
0°.  On  aeadinff  tbe  correDt  throogh  tbe  wire,  the  needle 
ia  deflected;  xh»  vertical  circle  ia  then  to  be  tamed 
in  the  same  direction,  till  the  needle  again  cornea  into 
the  plane  of  the  conducting  vn're,  and  tberefore  to  the 
lero  of  the  npper  horieontal  circle.  The  amount  of  its 
deflection  from  the  magnetic  mcridtmi  is  then  read  off 
on  the  lower  circle.  Since  now  the  needle  ia  rettvioed 
in  the  plane  of  tbe  wire,  it  ia  dear  that  the  current 
act-«  upnn  it  nt  right  angle*  to  its  axis,  and  tTjircfore 
with  its  full  force:  hence,  in  the  position  of  equilibrium, 
this  force  must  balance  that  of  the  earth'a  magnetiam,  which  tenda  to  bring  the  needle 
back  to  tbe  magnetic  meridiiin ;  but  thia  t<'rreatn&l  force  varies  aa  the  aine  of  the  angle 
which  the  needle  makca  with  the  magnetic  meridian ;  bence  alao  ike  force  of  the  cum-ut 
w  propftrtiotial  to  the  tint  pf  the  angle  of  deflrction.  Hence  the  name  of  the  inatruraent. 

Aa  the  sine-compaaa  doe«  not  require  the  diameter  of  the  circle  of  conducting  wire  ta 
be  very  great  in  proportion  to  the  length  of  the  nt'eiUe,  it  ia  bett«r  adapted  than  the 
tHngent-compaaa  for  U]e  meaauremcat  of  weak  currcnta;  but  it  u  more  complicated, 
and  on  the  whole  not  so  coarement.  (For  the  dcacription  of  a  sine^compuaa  constructed 
by  Sietaena  and  Halake;  eHpefially  for  telegraphic  meaaurementa,  see  Wiede- 
mann's Lthre  Wim  Galvanitmua  und  ntctro-magnttismut^  n,  [1]  207.) 

Comparison  heturm  the  Ma^nftic  Galvanometer  and  the  Voftaimttr. — By  introduc- 
ing into  the  same  circuit  a  voltameter  and  a  tangent  or  aine-comnaaa,  it  ia  found  that 
the  chemical  action  of  the  current  is  proportional  to  ita  magnetic  action.  The  nuig> 
netie  galvanometer  affords  therefore  a  measure  of  the  chemii^  aa  well  as  of  tbe  mag- 
netic action  of  the  current. 

The  indications  of  different  tangent-  or  aine-coinpassea  are  not  dirpctiv  corapamHe 
one  with  the  other:  for,  with  a  given  strength  of  current,  the  d^'fl^-ction  of  the  nwdia 
varies  with  the  diamet-er  of  the  ring,  and  with  the  intensity  of  the  tcrrt'striHl  miignetic 
force,  BO  that  the  same  instrumL^nt  would  give  different  indications  in  different 
localities.  By  comparjeon  with  the  chemict)  voltameter,  hovev^,  tbe  indications  of 
alJ  such  instruments  may  be  reduced  to  a  comiuou  iitandard. 
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A  series  of  experiments  described  hj  Mfiller  (LeMtidk  der  Pkytikt  il  170),  n 
which  a  voltameter  and  a  tangent-compass  were  incladed  in  the  drcuit  of  a  BunseD's 
battery,  gave  the  following  results :  — 


Number  of  cells  in  the 
tottery. 

Deflection  of  needle. 

Qiuati^  ordrtooatinf  (M  ceolfed 
tatbrceminutee. 

13 
8 
6 

4 
8 
2 

28-50 
24-8 
220 
18-76 
13-76 
6-9 

CoMc  ceDtimetree. 
126 
106 
92-6 
78 
66 
23-7 

The  deflection  of  the  needle  did  not  raiy  more  than  half  a  degree  during  the  three 
minutes.  The  numbers  given  in  the  second  column  of  the  table  are  the  mean  deria* 
tions  between  those  observed  at  the  beginning  and  end  of  the  time. 

The  quotient  obtained  by  dividing  the  quantity  of  gas  evolved  in  the  minute  by 
the  tangent  of  the  deflection,  is  a  constant,  or  nearly  constant  quantity,  which  gives  the 
volume  of  gas  evolved  in  a  minute  by  a  current  which  would  produce,  with  the  parti- 
cular  tangent-compass  used,  a  deflection  of  46°  (since  tan  46°  ^  1).  The  nombeis  io 
the  preceding  table  give,  for  this  quotient,  the  following  values :  — 
No.  of  observation  .12  3  4  6  6 

Quotient  .  .  767  76-6  762  76-6  76-3  766  Mean  76-6 
During  the  experiments,  the  temperature  of  the  room  was  16°  C,  the  barometer  stood 
at  744  mm.,  and  the  coltmin  of  water  in  the  voltameter  was  about  10  cent,  high,  which 
is  equivalent  to  7  mm.  of  mercury.  Hence  the  gas  was  under  a  pleasure  of  737  miw. 
Beducing  by  these  data  the  mean  volume  of  gas  to  0°  C.  and  760  mm.  pressure,  the 
volume  of  gas  evolved  in  a  minute  when  the  deflection  is  46°,  is  found  to  be  70  cnbie 
centimetres.  A  current  which  deflected  the  needle  of  the  same  instrtunent  throng^  f 
degrees,  would  eliminate  in  a  minute  a  volume  of  detonating  gas  »  70  tan  ^  col^  cent 
Thus  a  deflection  of  64°  would  correspond  to  a  volume  of  detonating  gas  »  70  x  tan 
64°  -  70  X  1-376  -  96-32  cub.  cent  at  O**  C.  and  760  mm. 

Jaoobi  adopts,  as  the  unit  of  current  etrevgth,  the  current  which  eliminates  I  euhie 
centimetre  of  detonating  gas  at  0°  C.  and  760  mm.  in  a  minute.  If  then  a  current  which 
eliminates  m  eub.  cent  of  detonating  gas  per  minute,  deflects  the  needle  of  a  particular 
tangent-compass,  46°,  the  strength  of  any  other  current  which,  teith  the  same  instni' 
meni,  produces  a  deflection  of  ^  degrees,  may  be  expressed  in  terms  of  the  above  unitk 
by  the  formula: 

S  B  m  .  tan^ 

The  indications  of  the  sine-compass  may  be  compared  with  those  of  the  voltameter  m  a 
similar  manner. 

Reduction  of  the  Force  of  the  Electric  Current  to  abwtute  Mechanical  Measure.— 
This  important  determination  has  been  made  the  subject  of  an  extensive  reeearrh  by 
Weber  and  Eohlrausch  {Abhandiungm  der  math.-phya.  Classe  der  kontgl.-tack- 
tischen  Geseltshaft  der  Wissenchaften.  Leipzig,  1856).  The  following  are  the  units  ol 
measurement  adopted :  — 

a.  The  unit  of  electric  fluid  is  the  quantity  which,  when  concentrated  in  a  point  and 
acting  on  an  equal  quantity  of  the  same  fluid,  also  concentrated  in  a  point,  and  at  the 
unit  of  distance,  exerts  a  repulsion  equal  to  the  unit  of  force. 

b.  The  unit  of  electro-chemical  intensity  is  the  force  of  the  current,  which,  in  a  unit 
of  time,  decomposes  a  unit  of  weight  of  water,  or  an  equivd^ent  quantity  of  any  other 
electrolyte. 

o.  The  unit  of  electro-magnetic  force,  is  the  force  of  a  current  which — when  it  tn- 
verses  a  circular  conductor  whose  sectional  area  is  equal  to  the  unit  of  snr&ce,  and  acta 
upon  a  magnet  whose  magnetic  moment  is  equal  to  unity,  the  magnet  being  placed  at 
a  great  distance,  and  in  such  a  manner  that  its  axis  is  parallel  to  the  plane  of  the 
conductor,  and  its  centre  on  a  line  drawn  through  the  centre  of  the  circular  conductor^ 
and  perpendicular  to  its  plane — exerts  upon  the  magnet  a  rotatory  force  equl 
to  unity  divided  by  the  cube  of  the  distance  between  the  centre  of  the  needle  and 
the  centre  of  the  conductor. 

Weber  had  shown  by  previous  experiments  that  the  unit  of  electro-chemical  fon«  ia 
to  that  of  electro-magnetic  force  as  10Cj|  to  1.  It  remained,  therefore,  to  determiM 
thfl  xeUtion  between  the  electro-magnetic  unit  and  the  electxostutic  unit  (1),  and  rhiti 
to  establish  a  numerical  relation  between  statind  and  dynamical  electricity.  The  mode 
«f  ea^erimenting  was  as  follows :  — 
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1.  A  Leyden  jar  httnng  been  itzongljr  e!uurg:<pd,  it*  koob  was  toached  with  a  large 
meUllic  Wl,  which  took  trwa  it  a  certain  portion  of  its  charee,  detemiijDed  bj  pr«< 
rioofi  expenments.  The  charge  of  the  ball  wae  then  transferred  to  the  tornon-balaMt^ 
and  the  repulsire  force  meaaiued.  At  the  same  time,  the  remainder  of  the  charge  of 
the  jar  waa  made  to  traTewe  the  wire  of  a  galvanometer,  previously,  however,  having 
paaaed  through  a  loQg  column  of  water,  in  order  to  give  it  a  sensible  doratiou, 
event  it  from  paesing  fmm  one  coil  of  the  wire  to  another  in  the  form  of  a 
lo  this  manner,  a  relation  was  established  between  the  statical  and  dynamical 
eta  of  the  charge  of  the*  jar. — 2.  The  intensity  and  duration  of  a  voltaic  current 
were  detenniBed,  which  imparted  to  the  galvanometer  needle  the  same  deflection  as 
that  produced  by  the  liischarge  of  the  Leyden  jar. 

The  rceulta  of  the  experiments  were  as  fbllowa:  — 

Through  each  aection  of  a  conductor  traversed  by  a  current  whose  force  is  equal  to 
the  electro-magnetic  unit,  tliere  posses,  in  a  second  of  time,  a  quantity  of  pooitiva 
electricity  equid  to  155,370  x  lO*  statical  unita  (p.  462),  an  equal  quantity  of  negalira 
electricity  travelling  in  the  oppodto  direction. 

The  quanti^  of  electricity  required  to  decompose  1  milligramme  of  water,  amount* 
to  106§  timei  this  quantity,  or  10,573  x  10*  units  of  electricity,  of  each  kind.  To 
deeompoaa  9  milligrammes  of  water,  or  one  equivalent,  requires  of  course  nine  times 
this  Mnoiint  of  electricity.  This  quantity  of  positive  electricity  (9  x  16,573  *  10*) 
■cemnalstod  on  a  cloud  situated  lOOD  metres  above  the  surface  of  the  earth,  and  act- 
ing on  in  equal  quantity  of  negative  electricity  on  the  surface  of  the  earth  below  the 
dond,  would  exert  an  attractive  force  equal  to  226,800  kilogrammee,  or  208  tons. 

From  the  aame  data  it  ia  calculated  that,  if  all  the  particles  of  hydrogen  in  I  railli* 
gramme  of  water  La  the  form  of  a  column  1  millimetre  long,  were  attached  to  a  thread, 
and  itll  the  ptLrtidoa  of  oxygen  to  another  threud,  then,  to  effect  the  decomposition  of 
the  water  in  a  second,  the  two  threads  would  require  to  be  drawn  in  opposite  diree- 
tioaa,  eadi  with  a  force  of  147,380  kilogrammea,  or  145  tons.  If  the  water  were  de- 
eonpoMd  with  Um  velocity,  the  tension  would  be  proportionally  leas. 

Eltetric  Remittance  of  Conductors, 

The  preceding  prineiplee  enable  us  to  determine  the  manner  in  which  the  resistance 
«f  a  metallic  wire  ranee  with  its  longth.  For  this  purpoee,  supoose  a  one-celled 
battery  (Daniell's)  to  be  used,  which  ntaiatains  a  constant  action  uuring  the  time  of 
the  experiment.  First,  let  the  current  be  made  to  pass  directly  through  the  tangent- 
I,  and  afterwarda  let  wires  of  uniform  thickneea  and  of  the  lengths  of  6,  10, 
,  and  100  metres,  be  interposed  in  the  circuit,  and  the  reculting  deflections 
vwL  Now,  as  the  force  of  the  battery  ia  constant,  the  resistance  is  inversely 
t  the  strength  of  the  current.  But  the  total  rosistance  is  made  up  of  that  of  the 
Dterposed  wires,  together  with  that  of  the  battery  itself,  and  that  of  the  conductor  of 
the  j^hranometer.  These  last  two  reeistanoee  we  may  anppoea  to  be  equal  to  that  of 
ft  wire  of  the  same  thickness  as  the  abov^  and  of  a  certain  unknown  length  x.  Instead. 
therefore,  of  the  lengths  of  wire  5,  10,  40,  &c.,  we  must  subetitute  x^6,j:+  10,  x  + 
40,  ^     An  eiporimtDt  of  this  kind  •  gave  the  following  results  :  — 


Lei](Ui  of  Wire. 

OtMcrred  DrUpclloti. 

Tangent  of  I>eflt<ctlon. 

a  metres 

62*      0' 

1-880 

*  +     5 

40     20 

0'84d 

«  -f     10 

28     30 

0-543 

X  +    AQ 

0     46 

0172 

*  +     70 

6       0 

0-105 

*  +  100 

4     Id 

0074 

Now,  let  us  assume,  as  most  probable,  that  the  rosistance  of  a  wire  increases  in 
direct  proportion  to  its  length,  then,  acccrding  to  Ohm's  law,  the  fir&t  two  experimenta 
give:— 

X  :  X  +  5  "  0-849  :  1-880 

whence,  x  =  4'11.  And,  by  <^mbining  in  a  similar  manner  the  first  experiment 
with  all  the  others,  we  obtain  for  »  the  sevrral  values  406,  4-03,  414,  4-09.  the  mean 
of  the  whole  bc'ing  4*08.  Substituting  this  value  for  x  in  the  preceding  table,  and 
ealcuhiting  the  corresponding  detloctions,  on  the  sttppoaition  that  the  strength  of  the 
cnzrent  varies  inversely  os  die  resistance,  that  ia  as  the  length  of  the  conductor,  we 
obtain  the  following  remits : — 

•  Htillirr.  LebHxKh  der  Fhr*ik.  1863.  It  177. 
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Length  of  Conductor. 

Calcutatrd  Di-a<-c(iaii. 

cib*«<r«rU  l>«-n<-«tlon. 

Diltfrrcnec. 

4'08  metre 

62        0' 

62''      0* 

B-08 

40      18 

40     20 

+      2' 

H-08 

28     41 

28     30 

-   11 

44-08 

9     6fl 

9     45 

-   11 

74-08 

6     67 

6       0 

+      3 

104-08 

4     U 

4     15 

4-      1 

From  the  rt^sults  of  this  and  simiLu'  ^xpoTiTn^nts,  it  in  itifeired  Uiat  —  tAs  reaiatatiet 
tifc  eonductor  t^f  uniform  thickness  variea  dinctli/  as  ita  length. 

The  vntt  of  rtsistancc  grnerally  adoptjd  u  that  of  a  wire  of  pvrr  gilvtr,  1  mrtrt  m 
length  and  1  miUtTnftre  in  diamftnr.  Jncobi  proposed  copper;  but  this  meUl  in  oat 
M>  well  adapted  to  the  purpose  as  silver,  on  nccotmt  of  the  difficulty  of  obtaining  it  pare, 
Matthie»>ea  ha.R  proposed  for  the  same  purpose  an  alloy  of  gold  and  silrer,  cootatobg 
2  pta.  pold  and  1  pL  silrer,  the  conducting  power  of  whieh  be  has  shown  t/i  he  vejy 
litUe  afFeotod  by  slight  itnpiiritieB  in  Lh<)  metala,  and  not  lo  bp  altered  by  annealing  or 
by  moderate  niriations  of  temperatura     (PhiL  Mag.  [4]  xxi.  107.) 

For  Weber's  absolute  etaaiLinl  of  olecthe  reaifitauce,  see  Pogg.  Anzu  iTgiii,  337 ; 
JHhreaber.  d.  Cbem.  1851.  272. 

Thf  Rheostat  or  Currmt-ri-gvlat' ft. ^Thie  is  an  instruroent  for  regolating  and 
measuring  the  relative  force  of  ctectrie  currunta,  by  introducing  into  the  cir\.nii;  a 
couductiug  wire,  the  length  of  which  may  be  varied  at  pleasure,  without  making  aay 
alleratioti  in  the  nwt  of  the  circuit.  Thu  method  applied  to  different  curreuta,  gir«% 
us  we  eball  »««,  the  ratio  of  their  inteiwitiea.  The  gr»jAt  advanta*^  which  it  prcMOti 
is  that  of  bring^ing  the  indieatious  of  a  Ralvanoroeler  plae<>4  in  the  circuit,  tlwAj*  to 
the  eume  degree,  by  Tarying  the  resistHnee,  and  thus  dispensing  with  tha  UM  ef 
instruments  which  depend  u]X)n  the  relations  between  the  ddlection  of  the  needle  aod 
the  Btrengtb  of  the  current.  In  fact,  tlie  mode  of  meaeurenjeat  now  under  coiuidentioD 
depends  merely  upon  the  obvious  principle,  that  two  curreutfi  of  equal  atreagth  vill 
deflect  the  galvanompter  in  the  same  degree. 

iBstraraenta  for  introducing  a  Tariablo  resistance  into  the  drcoit  are  of  Tariwa 
eonstniction.  We  shall  here  describe  tlie  rheostat*  of  Profeesor  Wheatatone,  of  whieh 
thore  are  two  forms,  one  for  circuits  ia  which  the  resistance  is  strong,  the  other  for 
tliose  in  which  it  is  weak. 

The  rheostat  for  strong  resistances,  (fig.  455),  consists  of  two   o'linders,  g  k. 
Fig.  455.  "^  ^^  ^™*'  dimensions,  the  first  of  dry  wood, 

the  second  of  brass,  placed  with  th«r  axes 
parallel  to  each  other.  The  wooden  tjUn&et 
</  has  a  fine  screw  cut  on  its  surface,  and  airmod 
it,,  fonnwing  the  thread  of  tlie  screw,  is  roilrd 
a  thiD  braes  wire.  One  eitreniity  of  this  win 
I  is  attachr-d  to  a  hmss  ring  nt  the  nearer  eod  of 
I  the  wooden  cylinder,  and  the  other  to  the  £lif- 
ther  extremity  of  the  brass  cylinder.  The  ring 
and  the  nearer  end  of  the  brass  cylinder  are  con* 
neetrd  with  the  wires  of  the  battery,  through  tiie 
medium  of  the  screw  joints  j,  k.  A  movsWe 
handle  wi,  serves  to  turn  the  cylinders  alternately 
round  their  axes.  By  turning  A  to  the  right,  the 
wire  is  uncoiled  from  q,  aiid  coiled  upon  k ;  and 
the  contrary  when  A  is  tume^l  to  the  left.  Tb« 
numher  of  coils  of  Hvire  upon  it  arts  indicated 
by  a  scale  placed  between  the  cylinders,  ti« 
fractions  of  a  turn  being  measured  by  an  index  moving  round  the  ring  in  front  at 
the  wooden  cylinder,  which  is  graduated  accordingly.  A*  the  coils  of  the  wije  sis 
insulated  on  the  wooden  cylinder,  but  not  on  the  brass,  it  is  evident  that  the  path  al 
the  current  will  be  longer,  and  therefore  the  resistance  greater,  in  proportion  to  the 
number  of  turns  which  the  wire  makea  round  the  woo«len  cylinder. 

The  rheostat  for  circuits  of  comparatively  small  resistaince,  is  shown  in  figure  454; 
a  is  a  cylinder  of  dry  wood,  having  a  screw  cut  on  its  surface,  and  a  thick  copper  wi» 
coiled  round  it  in  the  thread  of  the  screw.  Immediately  above  this  cylinder  m  a  trj- 
angul&r  bar  of  raetui  £,  caiTyiiig  a  runner  r,  also  of  metBL,  to  which  is  adapted  a  spring 
cC  conKtiintly  pressing  a^ai.'-ft  the  cylinder  A.nd  yielding  to  all  its  inequalities.  One 
end  of  the  coil  is  attached  to  h  brass  ring  e,  against  which  tliere  preesea  a  spring  ron- 
municttting,  by  means  of  a  binding  screw,  with  one  pole  of  the  hatteiy,  while  the  uthtf 


doIb  U  conn«>(!ted  in  a  similjif  maniin'  with  the  triaiigiilar  bar.  On  turning  the  handle 
\  the  cvlin(l<*r  revolvea  upon  ita  mi*,  and  tb«  runner  d,  gutd<<d  hy  the  copper  wire, 
morev  along  the  ba>  in  one  direction  or  the  ot!ier,  according  t*y  the  way  in  which  the 
handle  is  turned.  The  nmner  is  tbtu  brought  in  contact  with  different  parts  of  the 
copper  wire,  and  ■  Ymriable  resistaQee  is  introduced  into  the  circuit,  acconling  as  the 
corrsnt  has  to  tnTen«  a  greater  or  smaller  length  of  wire  between  the  ring  e  and  tha 
nmner  r. 

Tb*  flgora  shows  the  manner  of  naing  either  of  these  instrnmenra.  £  is  a  very  aen- 
mtire  galvanometer,  haidng  an  astatic  needle,  and  pTorided  with  a  microseo^  fot 
reading  off  the  divided  circle.  C  is  the  battery.  When  the  object  of  the  experiment 
is  to  measure  the  resistance  of  a  given  condoctor,  that  conductor  niaj  be  introduced  in 
anvpart  of  the  circuit. 

The  mode  of  comparing  the  elertromotiTe  forces  of  two  voltaic  batteries  is  a» 
follows: — Into  the  circuit  of  one  of  the  battmea,  a  sufficient  reaiotance  ia  intitxinced 
by  the  insertion  of  the  riieoatat  wire — and,  if  neceAsary,  of  one  or  more  reels  of  wire 
covered  with  silk,  toredace  the  deflection  of  the  galvanometer  needle  to  a  convenient 
amount,  saj  46°, — and  a  further  resistance,  meaaured  by  a  certain  length  of  the  rheoatat 
▼ire,  is  tlrai  introdaced,  sufficient  to  bring  down  the  deflection,  say  to  40°.  Let  this 
length  be  A  and  let  the  length  of  wire  required  in  like  raanoer  to  reduce  the  deflN>tion 
jf  Uie  needle  by  the  current  of  the  second  battery,  abo  from  46°  to  40°  be  f.  Then 
the  ratio  of  the  electromotive  forces  of  the  two  batteries  is  determined  by  the  proportion 

For,  using  the  notatioa  explained  at  page  459,  let  the  quantity  of  electricity  which 
produces  the  deflection  46°,  be  ;  —  - ;  then  the  quantity  q'  which  prodocea  the  de- 
flection 40°  is  ^ 


Now  let  the  ratio  of  the  electromotiTe  forces  of  the  two  bat* 

r    -r    » 

I  be  denoted  by  n,  that  is  to  tnj,  «'  —  ne.  Then  to  enable  the  second  current  to 
psodlKa  the  same  deflection,  45°,  aa  the  first,  ita  resistance  must  also  be  nr  ;  and  when 
tha deflection  is  reduced  to  40°  by  the  introduction  of  the  length  of  the  wire  f,  the  fbroa 

nf  thia  second  battery  will  be  expressed  by  — ^^  ;  but  this  must  be  eqjual  to   -^ 

which  can  only  be  the  case  when  f  -  «/ ;  or  -^  -  «  »  - ;  that  is  to  aay,  the  electro- 
motive forces  are  as  the  resistances  required  to  reduce  the  deflection  by  the  same  amoaut 
in  the  two  caaea. 

For  example,  three  simple  voltaic  conplea,  differing  only  in  the  size  of  the  platea,  and 
aaeh  eonsdsting  of  a  liquid  aiunlgam  of  ztac,  placed  in  a  porouii  cell  within  a  veaa**! 
fiDed  with  solution  of  sulphate  of  copper,  in  which  was  also  immi>r»fd  a  hollow  cylinder 
of  copjier,  were  9ucc«aa]TeI;jr  placed  in  a  ciroiit  including  a  rheostat.  All  three  re- 
quired the  same  length  of  wire,  via.  .30  turns  of  the  rheostat,  to  reduce  their  electro- 
magortic  force  ftt>m  46°  to  40°.  Neverthelew,  one  waa  6  centimetres  high  and  3*8 
oent  in  diameter;  the  second  8*4  cent,  high,  and  .3*8  cent,  in  diameter;  and  the  third 
16  eent.  high,  and  84  cent  in  diameter.  Hence  tke  tUctrmnoHve/oret  w  indfpenintt 
\f  tkt,  extent  of  surface  m  ike  coupl/. 

In  the  compound  battery,  the  same  mode  of  experimenting  shows  that  tkt  eitetro- 

Vol.  il.  H  H 
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motive  force  inertattt  proportionally  to  the  number  oj"  platea.  Thiw,  io  a  eiicdt 
formed  snicpeMtvely  of  1,  2,  3,  4,  6  eoapleg,  simikr  to  the  smallest  of  tluw^  abort 
raentioned,  it  was  foimd  that,  to  bring  the  lieflection  from  46*^  down  to  40*.  tlie 
number  of  lurne  of  the  rheosUit  wire  reqiured,  were, 

Far    12        3        4        5    couples 
30       61       91     120     150    tiimK. 

Henfla,  excepting  the  cases  of  2  and  3  couples,  which  exhibit  slight  rariatioBi,  tfaa 
proportionalitj  between  the  olectromotive  force  and  the  number  of  pain  is  cumpletelj- 
venflwi. 

The  rheostat  is  likewise  easily  applied  to  the  roeaflurement  of  the  rMistance  offend  by 
diffiTent  condudors  to  the  pH««age  of  thi'  current.  Suppose  that  wheD  the  wire  of  tha 
rheostat  {Jiff.  455)  is  completely  uncoiled  from  the  wooden  cylinder(  the  index  then  stand- 
ing at  0),  the  galvanometer  shows  a  deflection  of  46°.  Then  let  a  cop{>er  wire  four  Tuda 
long  and  ^\h  of  an  inch  thick,  be  introduced  into  any  part  of  the  same  cin-uiL  Tba 
galT»nonieter-n*edlo  will  then  exhibit  a  smaller  deflection,  aay  37".  On  remoring  the 
wire,  th©  galvanometer  will  again  exhibit  its  former  deflection  of  46°.  Now  let  the 
rheoatat  wire  be  coiled  round  the  wooden  cj-linder  till  the  needle  retuma  to  37**,  and 
•oppose  that  to  produce  this  effect  twenty  turns  of  the  rheostat-wire  are  nei?p— inr. 
This  length  of  the  rheostat  wire  produces  a  resistance  equal  to  that  of  the  wire  oader 
examination.  Next  let  a  similar  experiment  be  made  with  a  wire  of  the  same  langtli 
but  of  twice  the  thickneaa,  and  conoequontljr  baving  a  transrerse  section  four  times  u 
great  as  that  of  the  former.  It  will  be  found  that  fire  turns  of  the  rheostat  wire,  or 
one-foarth  of  the  former  length,  are  sufficient  to  produce  a  resistance  equal  to  that  of 
the  second  wire;.  By  ciperimente  thus  conducted,  it  is  found  that :  TJU  resutamce  n/t 
tCff«  or  any  other  conductor  of  given  length  variri  inveraeJy  a*  it$  transverte  erctttm. 
And  comparing  this  result  with  that  which  vaa  established  at  iia^  464,  we  Had  thit: 
Conductore  of  the  eame  material  offer  equal  resistances,  vhen  tkdr  lengths  or*  t»  am 
atuyther  in  the  same  proportion  as  their  transverse  sections. 

The  same  law  holds  good  for  liquid  conductors ;  hence  the  resistaooe  offered  "bj  a 
liquid  to  the  passage  of  the  current  may  be  diminished  by  bringing  the  solid  rondncUn 
or  electrodes,  which  conTey  the  currertt  into  the  liquid,  more  closely  together,  or  by 
inereasing  their  sur&ce,  and  conseqneutly  the  trausverso  section  of  the  column  of  liqoii, 

The  resistance  of  metals  to  the  electric  cturent  increases  as  they  become  hotter ;  Uist 
of  mi'talloYds,  acids,  saline  solations,  and  compound  lx>dies  in  general,  both  in  the  salid 
and  in  the  liquid  state,  diminisheawith  rise  of  temperature. 

The  following  table  esbibita  the  comparative  resistances,  at  ordinary  temperatnif^ 
and  for  the  same  length  and  transrerse  section,  of  a  few  of  the  bodies  commocly 
tued  in  electrical  experiments.  These  resistances  are  the  tociorocals  of  the  ctxt- 
ducting  powers. 

SilTcr  (chemically  pure,  very  soft  wire)         .....  lOOO 

Copper                „                  1066 

Copper,  commercial  (soft  wire) 1-270 

Bra«8  (wire) ..........         .  6  873 

Iron  (soft,  slightly  elastic  wire)     ...,.,.  6*767 

Platinum  wire 9-590 

Ocrman  ailver  wire 12-400 

Mercury 39'2U 

Sulphuric  acid  (speciflc  gravity  1-2  to  1-36) 761,7a2-000 

Solution  of  sulphate  of  einc,  containing  38-58  p.  c.  of  the  crystal- 

lisw-dsalt .         .         .         :  11,019,00<H)00 

Solution  of  sulphate  of  copper,  contjiining  20-83  p.  c.  of  the  crya- 

tallisedsalt 14.809,000-000 

The  resistance  of  distilled  water  is  at  least  700  times  as  great  as  that  of  dihte  i«]> 
phuric  acid. 

The  resistance  of  wires  increases  as  they  are  harder  and  more  brittle.  (Hudw.  i 
Chem.  ii.  [3]  729.) 

The  condHcting  povsrrs  of  bodies  for  electricity,  are,  of  course,  inversely  as  their  »- 
sistancea-  Matthiessen  (Pogg.  Ann.  c.  178  ;  Phil.  Mag.  [4]  xiii.  81  :  Pogg.  Am. 
eiii.  428),  has  determined  the  conducting  powers  of  metals,  alloj-a,  and  a  few  oth« 
bodies,  by  means  of  an  apparatus  devised  by  Kirehhoflr,  and  founded  r.n  the  foUowiai 
principle,  established  by  Wheatstone  :  1/ four  unrrs  are  joined  u>grthrr  in  a  0m2 
ranglr,  the  ends  of  one  diagonal  being  connected  with  a  tioltaic  battery,  and  those  o/rti 
9iher  diagonal  urith  a  galvavometer,  then  the  galmnomri^r  will  show  no  dejUction^  ft^ 
tidtd  tht  resistances  of  the  four  vnre*  are  proportional  to  one  another.     If  then  xU 
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tbc  r^mgtttace  of  the  wire  to  b«  detennined,  r  that  of  a  DnmnAl  fcilver  irirt,  a  imd  ( 
(ho«9  of  two  lengUis  of  one  ajid  the  fwme  copper  wire,  the  anknown  resuUiOtie  t  wiU, 

under  the  eireuni«tAa<!e8  just  mentioned,  be  determined  by  the  equation  x**  r  -?-. 

The  reratts  obtained  hj  thii  sethod  are  giren  in  the  following  tAble :  ^ 


Conducting  Powrrs  of  Metals,  ice 
Antimony 


fiOwp      . 

.      100      at    CC. 

gar*:  : 

77-43  „  18-8 
W 19   „  22  7 

Sodium    . 

37-43  „  21  8 

Alaminiam 

33-76   „  10  6 

Zine 

27  39   „  17-6 

MAgnMinm      . 

26-47  „  17-a 

C&ldam  . 

2214  „  16-8 

Cadmium 

22-10   „   18-8 

PotAHium 

20'8«   „  20-4 

Lithium  . 

1900   „  20-0 

Iron         .        ,        , 

14-44   »,  2(J-4 

Pftlkdinm 

12-64   „  17-2 

Tin  . 

ll-4fl   „  210 

Platinum . 

10-63  „  20-7 

Lead 

7-77  „  17'3 

Nickel-silTer    . 

7-67  „  187 

Straotinm 

6-71   „  20-0 

.     4-29 

MereoTT'  .         .     1'63 

BiKmoth     .         .     119 

Alloy  of  bismoth^ 
32   pta.,    anti-C  0-984 
mony  1  pt      .  > 

AUoy  of  12bi.-) 
muth  +   1   tinr'*^® 

Alloy  of   1    riuc       ... 
+  2  antimony  P*^* 

Orapbite  (greatest)  0*0693 

Graphite  (least).    0-(H)396 

Gfls-onke    . 

Bansea'i        bat- 
tery-coke 

Tellurium . 

Bed  Phosphorus 


00388 

00O246       „ 

0000777     , 
0-O00O0123, 


atl8-7«C. 
n  22  8 
«  13  8 

»  24  0 


,  220 

,  26-0 

,  22-0 

22-0 

,  26-0 

26-2 

iB-a 

240 


More  extended  tables  of  the  conducting  powera  of  metals  and  alloyn  are  eiren  in 
Wiedemann's  Lfkrr  tnrm  Gnioaniamui  und  Eitctramaffnetismut,  L  180.  See  also 
the  article  MlTixs,  in  this  Dictionazy. 

^^atthiessen  has  also  shown  (Proe.  Boy.  So&xi.  616)  that  all  pure  m«<tals  in  the 

■  state  vary  in  conducting  power  to  the  same  extent  between  0^  and  lOO*'  C. ;  but 

the  conducting  power  of  a  metal  does  not  vary  in  the  exact  inverse  ratio  of  the 

temperature,  as  stated  by  Becqufrel  and  others ;  the  resisfiince.  A,  of  a  metal  at  the 

temperature  t  degrees  being,  in  fact,  nxprcssed  by  the  equation  : 

^  =  X  +  yt  +  y(*; 


Fig.  467. 


X  is  the  refistanc<«  at  0<^  and  y  and  7  arc  constants. 

Ebatino  EmCTS  07  thb  Elbctbic  Cvauiirr. 

The  oontinaoufl,  as  well  as  the  sadden  discharge  of  electricity,  raises  the  temperature 
of  the  conductors  through  which  it  passes ;  the  plates  and  liquids  of  the  battery,  as 
well  as  the  connecting  wires  which  dose  the  citcmit,  and  the  electrolytes  which  are 
decomposed  by  the  current,  all  become  heated  in  various  degrees,  according  to  their 
specific  h«ats  iind  tlie  resistuuce  which  they  offer  to  th?  passage  of  the  current. 

The  UwB  of  tht-  dcTelopment  of  heat  by  the  electnc  current  hare  been  examinitd 
ehiefly  by  Lena  and  Joule,  who  have  arrived  at  nearly  the 
•Nine  resolts.  Lena  made  use  of  the  apparatus  repree«^nted 
iafifi.  467.  A  glass  stopper  h  fixed  in  a  board,  in  fitted  by 
grinding  into  the  month  of  a  bottle,  and  made  air  and  water- 
tight by  means  of  a  tittle  grease.  A  bniss  clump,  not  ah  own 
in  the  fl^nre,  series  to  press  the  horixonfal  lip  of  the  bottk 
ti^t  against  the  board,  so  that  it  cannot  be  mstorbed,  evan 
by  Tiolcnt  agitation  of  the  apporutus.  At  the  top  of  the 
botllet  there  is  im  aperture  for  pouring  in  liquid  and  lixing 
s  tiiecmometer  by  means  of  a  cork.  The  stopper  b  in  pierced 
with  two  holes,  through  which  are  inserted  thicJt  pktinam 
wires  connected  by  copper  wires  with  the  binding  screws  /*. 
and  thence  with  the  poles  of  a  voltaic  battery.  The  ends 
of  these  wires  within  the  bottle  are  connected  by  a  thin 
platinum  wire  wt^und  into  a  spiral  The  vea-sel  is  nearly 
filled  with  a  measured  quantity  of  drnbol  of  85  or  86  |ier 
cent. ;  water  would  conduct  too  well,  and  suffer  decomposition 
to  a  alight  extent,  yielding  small  quantities  of  gas.  A  tangent-eompiuui  and  a  rheostat  are 
introduced  into  the  circuit,  in  order  to  measure  and  regulate  the  Btn-ntfth  of  the  curreut 

The  following  table  givea  the  n-sults  of  sixteen  txpenmtKU  made  with  three  wires 
of  German  silver  of  different  thii'knesses,  and  with  wires  of  plattnum,  iron,  and  copp>^r. 

^  Sse  th»  uUete  CoffCB,  p.  39  of  tbti  voluiM. 
u  u  2 
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The  leriitanoe  of  the  spiral  wire  was  detennined  bf  ranimii^  the  ■fyAafiM  horn  ttm 
circait,  and  aeeettaining  the  Dumber  ottcanm  of  the  rheontat-wire  reqvired  to  be  broufglit 
into  the  dicait  to  bring  the  cmreDt  to  the  eame  itrength.  These  reaistaaees  and  the 
■tren|;th  of  the  cozrent,  in  the  second  column,  are  expressed  in  JaeohPs  nmts  aheadf 
mentioned  (pp.  462,  464) :  — 


No.  of 
expert, 
mmt. 

Nature  of  the  wire. 

enrreot* 

Time  required  to 
be«tlMf|ilriU*R. 

BefUtanreef 
tfesvtre. 

1 

Nickel  silver,  a 

6*98 

1-849 

93-60 

2 

If        >i 

10-68 

0-671 

98-63 

8 

•1        If 

14-80 

0-800 

08-76 

4 

Nickd-silrer,  b 

10-68 

0-920 

58-64 

6 

i»        If 

14-80 

0-481 

69-01 

6 

ft        ff                < 

18-82 

0-288 

60-16 

7 

ff        ft 

14-80 

0-467 

44-69 

8 

Nickel-silTtf  ,  o 

1882 

0-884 

60H6 

9 

Platinom. 

22-69 

0-666 

61-41 

10 

ti 

18-82 

0-826 

24-92 

11 

Iron 

22-69 

0-486 

18-90 

12 

Copper 

18-82 

1-801 

13-90 

18 

It 

22-69 

0-886 

13-90 

14 

ft 

27-62 

0-676 

13-92 

15 

ft 

32-98 

0-881 

14-01 

16 

ft        • 

27-62 

0-644 

14-31 

The  quantity  of  spirit  in  the  bottle  was  90  |;rammes. 

Comparing  now  with  one  another  the  experiments  in  which  the  streogtli  of  the  ens 
rent  was  the  same,  it  appears  that  the  product  of  the  time  t  and  die  resiatanee  /  is  • 
constant  quantity.    Thus: 

For  the  conent  10*68. 

2.  Nickel-silTer,  a <{«  58-46 

4.       „        „       b tl  ^  54-06 

For  the  current  14-80. 

8.  Nickel-silTar,  a tl  »  28-18 

6.  „        f,       6 <  <  -  28-11 

7.  „        „       0 <  /  -  27-49 

9.  Platinum I/.  28-09 

For  tbe  current  18*32. 
6.  Nickel-silTer,  b tl  ^  16-99 

8.  „        „       « I  /  -  17-12 

10.  Platinum |/i-  16*71 

1-2.  Copper t  ;  .  18-08 

For  the  current  22-69. 

11.  Iron    .        .        .       . <Z  -  10*84 

IS.  Copper </.  11-90 

These  numbers  show  that,  with  a  given  strength  of  current,  the  time  of  beating  ii 
inrerse^  proportional  to  the  resistance,  or  the  heat  evolvi^  in  a  giTcn  time  is  direct^ 
proportioiul  to  the  resistance,  and  otherwise  independent  of  the  nature  of  the  metal 

Secondly,  Ir^  comparing  together  the  experiments  made  with  the  same  wire  and 
eoirents  <^  di£brent  stiei^;ths  («},  it  wiU  be  found  that  tbe  product  «^  is  neaify  eos* 
stant,  thus: 


For  the  nickel-silver  wire  a. 

For  the 

platinum  wiz«. 

1 

.       .       .       .    ^t  -    64-8 

9 

•        • 

.    «•«  »  118-6 

2 

.    s*«  «    63-3 

10 

,       , 

.    rt  -  109-1 

8 

.        .        .        .    tH  -    61-3 

For  thseopfper -wire. 

For  the  nickel-sQver  wire  b. 

12 

•       • 

.    «*<  -  436-6 

4 

.    «*<  -  1020 

13 

•       • 

.    ^  -  4294 

b 

.    ^t  -    98-4 

14 

,       , 

.    s^->  486-6 

6 

.        .        .        .    ««<  -    96-7 

16 

,        , 

.    s^  -  414-2 

7 

.       .        .    ^  -    93-6 

1» 

. 

.    s^  -  412-0 
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It  apnean  then  from  these  experimeats,  that  thf  evolution  of  keat  it  proportionat , 
1.   To  the  letutancf  ;  2.  7b  tA*  tquare  of  the  Hrrnqth  of  (he  current. 

Thrae  lawv  are  the  Mme  u  thoM  demonstrated  hy  RieM  for  the  heating  of  wire*  bj 
tb«  radd«>D  diBcharge  of  electricity  (p.  396). 

Farther,  u  <  is  the  lime  in  which,  with  the  current  a  and  the  resistance  I,  «  giren 
HUM  of  alcohol  ia  heated  1°  R^omor,  t*tl  will  be  the  time  retjaired  for  heating  the 
win«  nuMi  of  alfiobol  1"  R.  by  the  unit  of  current  foree  acting  against  the  unit  of  re- 
nataoee.  Since,  therefore,  in  all  the  preceding  ezperimenta,  the  quantity  of  alcohol  waa 
Dearly  the  same,  the  prodoct  tFli  ought  to  be  nearlj  constant  for  all  the  nnmbeti  in 
the  preceding  table,  as  in  fikct  it  is,  the  greatest  and  least  valaea,  being  6609  and  0069, 
and  the  mean  6866. 

Now,  the  quantity  of  alcohol  beatad  in  ths  praceding  experiments,  together  with 
that  which  would  be  equiralent  (as  regards  speofic  heat)  to  the  nuias  of  glaw  heated 
at  the  same  time,  was  118  grummet.  Hooce  the  unit  of  current  force  paaaing  through 
a  wire,  whose  resistance  is  /,  evolves  heat  sufficient  to  raise  the  temperatoiw  of  118 
grammes  of  the  alcohol  uned,  1°  R.  ia  6866  minutes. 

The  specific  beat  of  the  alcohol  (86  to  86  per  cent)  is  0'7,  so  that  118  gnunmea 
of  this  alcohol  require,  to  heat  it  through  a  girea  range  of  temperature,  as  much 
heat  as  118  m  07  =>  82'6  grammes  water.  Consequently,  the  time  required  to  beat 
1  gramme  of  water  l^R.  by  the  unit  of  curreiit  force  acting  with  the  unit  of  resia* 
tanoe  is: 


6866 
82-6 


—  70*9  minutes; 


and  tot  1**  Oentigrade  the  time  is : 

70-9  K  0-8  -  66-72  minutes ; 

that  is  to  lay :  IFim  a  current  of  the  unit  of  strength  pc4*e$  through  a  win  wAom  rs- 
tiUtmee  is  equat  to  thai  of  a  copwr  wire  1  metre  long  and  1  miliimetrt  M  dlMiiwitfr,  ii 
dt9«tope$  a  quantity  of  heat  ntffieimt  to  rai*e  the  temperature  of  1  gramme  of  water, 
1^  C  in  66|  minutes  ;  and  asstimfng  as  the  unit  of  heat  the  quantity  required  to  raise 
tlM  temperature  of  1  sramme  of  water  1*^  C,  the  result  of  the  preceding  experiments 
may  be  thus  expressed: 

A  current  oftht  uttit  of  ttrmgtkt  pasting  through  a  conductor  which  exerts  the  unit 
of  retisiamse,  devekfet  thertm  1'067  heot-units  in  an  hour,  and  0'0176  htat-units  in  a 


As  the  temperature  of  a  metallic  conductor  rises  under  the  influence  of  the  electric 
current,  its  resistance  to  the  passage  of  the  current  increases  (p.  466).  Now  this 
increase  of  resistance  acts  in  two  ways :  flrst»  by  dimitiishiog  the  strength  of  the  current ; 
secondly,  by  increasing  the  heating  effect  of  the  Hectrictty  which  actually  passes,  so 
that  ultimately  these  eflfects  balance  one  another.  From  the  experiments  of  R  o  b  inson 
(JYanM.  of  the  Boyal  Irish  Academy,  xxii.  [1  j  8),  it  appears  that  the  resistance  gradiLally 
increases  up  to  the  melting-point  of  the  wire,  the  increase  btiing  Tery  nearly  propor- 
tional to  the  temperature; 

The  effect  of  temperature  oa  conducting  power  is  striluDgly  shown  by  beating  a 
long  platinum  wire  to  low  rednesa  by  the  current,  and  then  plunging  the  middle  part 
of  it  mto  cold  water ;  the  extremitiea  immediately  becomfi  brightly  incandescent  On 
the  contrary,  if  one  part  of  the  wire  be  raised  to  a  Tery  high  temperatupe  by  means 
of  a  sftirit-lamp  or  blowpipe  flame^  the  glow  of  the  other  part  immediately  fUminialif 
in  brighto^a. 

The  heating  of  wires  by  the  torrent  is  remarkably  affected  also  by  the  cooling  action 
of  the  sorrouzidiDg  gaseous  mediam.  A  platinum  wire  is  heated  to  redness  much  mors 
easily  in  a  vacuum  than  in  air,  and 

more  easily  in  some  gases  than  in  F^,i6%, 

atliers,  hydn^en  exerting  the  great- 
flit  cooling  effect,  and  nitio^on  tlie 
least  But  further,  this  ab»tr<iction 
of  heat  from  the  wire  by  a  gas,  not 
only  lowers  its  actual  terapcrature, 
but  at  the  same  time  dimioishcs  the 
resistance  which  it  offers  to  the  pas- 
sage of  the  current,  and  therefore 
alM  the  quantity  of  heat  actually 
developed  in  it  This  is  strikinj^ly 
shown  by  the  following  experimccita  of  Grove. 

Two  glass  tubes  (Jic.  458)  closed  at  both  ends  with  corks,  and  having  spirals  of 
platiAUtQ  wiie  within  them  attached  to  thick  copper  wires  passing  through  ths  oorki^ 
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are  flUtM],  one  with  hydrogen,  tho  other  with  oxygen,  and  immened  in  dl 
coatainiiig  eqtial  quantities  of  water,  Ibermometers  A,  B,  being  inunersea  in  tbtl 
to  meanre  thp  temperarure.  On  sendinf^  the  current  of  an  eiftbt-pnir  Grore's  1 
through  the  wires,  that  in  the  oxygea-tubr*  ijs  heated  to  wluten«*s4i,  while  tie  < 
tiie  hydrogen-tube  soarctUy  exhibits  a  viaible  glow.  Mon>over,  the  temperature  oCl 
wat^ir  in  the  two  veaaeb  risen  rery  unequally ;  that  which  coutaiub  the  o3q-gea41 
rising  from  16-6'^  to  27*2*^  C.  while  that  Which  oontjuns  the  hydfogen-tobe  Hms  ob^ 
fh>iD  16'A°  to  21°.  The  following  table  shows  the  rise  of  iemperatnre  {sodueed  ia 
the  water  when  the  platinum-wire  is  surrounded  with  difPemnt  gasaa,  ■awnrirted  ia 
each  case  with  a  Bimilar  platinuoi  wire  surrounded  with  hydrogen  :  ^ 

Hydrogen 6*6* 

Sulphydrio  acid ,        , 6'0 

Ethylene  . 9-i 

CurLtotiic  Hnhvdride ll-O 

Carlvsnic  oiiae  .        . ll'O 

Oxygen 117 

Nitrogen 120 

That  the  differences  are  really  due  to  the  increased  conducting  power  of  the  wi« 
pcwulting  from  the  cooling,  is  shown  b^  placing  a  Toltamet«r  in  the  same  drcoit  with  « 
pktiuum  wire  immersed  Bucceaaively  in  eauh  gaa.  Tlie  followiug  table  gives  the  iwalla 
obtained  by  Grove :  — 

Gas  mrroumding  Qttmtilf  pfSttomaH^ 

Hydrogen 1386 

Ethylene 126  0 

Carbonic  an  hydride 1 18'8 

Carbonic  oxide .         .  1188 

0aQ?g9n 1170 

Nifcragen 1160 

The  order  of  tho  gases  in  thii  table  ia  the  same  as  in  tlie  preceding. 

The  development  of  h  eat  in  1  i  q  n  i  d  s  by  the  electrio  current  is  regulated  by  th<?  &._ 
lawa  as  in  metala,  the  quantity  of  iieut  evolved  in  a  given  time  being  pro]i<>[tion^l 
t]]e  resistance  of  the  liquid,  and  to  the  square  of  the  strength  of  the  current  (£.  B«| 
querel.  Ann,  Ch.  Phys.  [3]  ir,  21).  Moreover,  Joule  has  shown  (Phil. Mag.  [3]xix. 
210)  that  the  evolotion  of  heat  in  each  couple  of  the  vollaic  battery  is  snlject  to  the 
same  law,  which  therefore  holds  good  in  every  part  of  the  Gircuit«  and  therefore  also 
for  tho  entire  circuit,  including  the  battery. 

With  a  current  of  givMi  strength,  the  sum  of  the  quantities  of  beat  evolved  iai 
batter}',  and  in  the  mftallk'  condactor  joining  its  poles,  ia  constant,  the  heat  weXm 
derelofwl  in  the  one  part  or  the  other,  varjing  according  to  the  thickness  of  the  i 
tallic  conductor.  This  was  first  shown  by  Be  hi  Biva,  and  haa  be€>n  confirmed  hr 
Fa  vre  (Ann.  Ch.  Phys,  [3]  xL  393),  De  la  Rive  made  use  of  a  couple  consisting  d 
platinum  and  distilled  zinc,  or  cadmium,  excited  by  pure  and  very  strong  nitric  add,  the 
two  metals hein^  united  by  a  platinum  wire,  more  or  leas  thick,  which  was  plunged  into 
the  same  quantity  of  strong  nitric  acid  contained  in  a  capsule  similar  to  that  which 
held  the  voltaic  couple.  By  observing  the  tempera tures  in  the  two  vessels  by  delieats 
thermometers,  the  sum  of  these  temperatures  was  found  to  be  constant,  the  one  or  ths 
other  being  greater,  according  to  the  thickness  of  the  connecting  wire. 

Fa\Te,  by  means  of  a  calorimetcT,  similar  to  that  which  heus^  in  hia  experiments  oa 
the  development  of  heat  by  chemical  octioQ  (see  Hiu.T),  has  shown  that,  in  a  couple  oon* 
sitting  nf  zinc  and  platinum,  excited  by  dilate  sulphuric  acid  and  connected  by  milaam 
wires  of  various  length  and  thickness,  forevt^ry  SSgrammea  of  zinc  disaolved,  a  qaant'tr 
of  heat  is  developed  in  the  foitire  circuit,  equal  to  18,137  heat-nnita  (the  unit  of  Wt 
being  the  quauti^  required  to  raise  1  gramme  of  wotcr  from  0°  to  1®  C.).  bot  varioni.'y 
diatnbnted  between  the  battery-cell  and  the  wire,  according  to  the  thitiknem  of  iho 
latter.  Now  this  quantity  of  heat  ia  nearly  the  same  as  that  which  is  evolved  ia  U>« 
simple  solution  of  33  grammea  nf  zinc  in  dilute  sulphuric  acid,  without  the  formatioo 
of  a  voltaic  circuit,  vix.  18,444  units.  Hence  Favre  concludea  that  the  heat  derelcmd 
by  the  resistance  of  a  metallic  or  other  conductor  connecting  the  poles  of  tJje  battery 
is  Himply  borrowed  from  tlio  total  quantity  of  heat  evolved  by  the  chemical  artioa 
tiiking  place  in  the  battery,  and  is  rigorously  complementary  to  that  which  remains  m 
the  cells  of  the  battery,  the  heat  evolved  in  the  entire  circuit  being  tho  exact  equiva- 
lent of  the  chemical  action  which  tjikfts  place.  If  any  external  work  is  perfonned  W 
tlie  cGureDt,  such  as  elcctrol^sia  or  mochamcal  work,  as  by  on  eleetromagneite  ^n^^*^ 
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tlj«  heAt  erolred  in  the  circuit  ia  diminuhed  bj  the  heat-eqairiileiit  of  tlie  deconpoMi* 
tiun  or  mecbjmical  work  done.     (Favre,  Cumpt  nod.  slv.  66.) 

TdOHT   PROnCCSD    BT   THB   EuECTRIC   CURRENT, 

Th»  doviof  and  interrmition  of  the  voltnic  circuit  nre  attended  with  the  productiom 
cttftAs,  With  »  nagle  pair  of  plat^a,  howerer,  the  apark,  nalofm  aaaisted  by  the 
iormataOD  of  induced  current*  (p.  4S2X  or  br  (he  oombiution  of  the  metallic  anrfacea 
bHVMii  which  it  poiMM,  id  scarcely  perceptible.  Tboa,  when  two  short  wires  attached  to 
the  plate*  of  a  single  roltaio  ronpleare  brought  together,  onlyaTciy  Aunt  spark  is  pn>- 
dac^d.  either  on  makiag  nr  oo  breaking  contact ;  but  if  the  aanie  piaXe*  are  connrrtt  d 
by  a  long  copper  wire  Kumed  into  aputtl,  the  spark  ie  tnu^h  bnghter,  eepecially  on 
breakitMt  contact,  because  the  indaced  current  then  coincide  in  direction  witJi  the 
primaiy  eurreut  A  ntill  higher  exaltation  of  the  effect  is  prodoced  od  placing  a  bar 
of  iron  within  the  coiJ.  When  a  cup  containing  moreuy  is  fixed  on  one  of  the  pUtea, 
and  a  wire  attached  to  the  other  is  brought  down  to  the  imrfacp,  a  bright  epark  is  pro 
doead,  the  light  being  probably  intensified  by  tha  combuation  of  the  mercury. 

A  oomponnd  battery  of  four  or  more  couples  giree  a  spark  between  the  connecting 
winM  witnoat  any  of  the  means  of  assistance  just  mentioned  ;  but«  unless  the  niunl>er 
of  plates  is  rety  large  iDd4>t!d,  the  spark  does  not  strike  through  a  perceptible  distance 
like  that  of  the  electrical  nrachine  or  the  inductioD  coil.  Jacobi  found  that  the  poles 
of  a  l^'pair  Grove's  battery  did  not  give  a  vpark,  even  at  the  distance  of  0*00046  of  an 
inch.  Gassiot's  watcr-battory  of  3620  pain  well  insulated  (p.  422X  gSTe  sparks  whea 
the  distance  between  its  pohur  wires  was  reduced  to  0-02  inch,  the  spark  discharj^a 
going  on  without  interruption  for  five  weeks.  In  all  ordinary  cases,  the  li^bt  of  the  spark 
produced  by  the  battery  appears  to  arise  in  great  part  from  ignition,  fusion,  or  combuB- 
tiuo  of  the  metallic  surface*. 

The  moat  brilliant  manifestatioD  of  voltaic  Ught  is  that  which  is  produced  when  the 
discharge  takes  place  between  two  pointed  pieces  of  charcoal.  The  light  is  white  and 
dauling;  and  when  produced  by  a  powerful  current,  such  ss  that  of  a  Bunsen's  battery 
of  40  or  50  cells,  has  a  briUlaocy  wnich  the  eye  cannot  endure.  With  such  a  battery, 
the  charctwl  points,  after  having  been  brought  in  contact,  may  be  separated  to  some 
diatanee  from  one  another  without  interrupting  the  current,  the  discharge  then  asaum- 
ing  the  form  of  a  splendid  arch  of  light.  Thiii  phenomenon  takes  place  lo  a  vacuum  as 
Wfll  as  in  air,  and  even  with  greater  peg:nlarity  in  the  former  case,  because  the  ex- 
tremities of  the  charcoal  tenmnala  do  not  then  bum  avray. 

The  light  of  the  voltaic  arc  is  due.  partly  to  the  electric  light  itself,  partly  to  the  in- 
candescence  of  the  charcoal  termiualK,  partly  to  the  truK^wrt  of  small  particles  of  car- 
bon from  the  poaitive  to  the  negative  pole.  By  projecting  the  image  of  tlie  poles 
during  the  passage  of  the  current,  on  a  scresn  by  means  of  a  system  of  lenses,  this 
transteiextce  of  particleH  may  be  distinctly  seen,  tht«  positive  terminal  being  gradually 
eaten  away,  whUe  the  negative  terminal  seems  to  grow.  With  the  softer  kinds  of 
ehamioal  this  transference  takea  place  more  easily  than  with  bard  charcoal }  soft  ebarvoal 
gives  therefore  a  li->nger  aw;  hard  charcoal  is,  however,  usually  preferred  for  producing 
the  light,  because  the  continual  alteration  in  the  terminaia  inteirfarea  greatly  with  the 
steadiness  of  the  light 

The  transference  of  matter  takes  place  between  metal  terminals  as  well  as  with  char- 
coal, the  mors  fuaihle  or  oxidahle  metals,  einc  and  iroo  {nr  example,  exhibiting  it 
more  easily  than  the  more  refractory  or  less  oxidablo,  such  as  platinum  or  silver ;  hence 
the  are  may  also  be  produced  with  metak,  but  it  is  then  much  shorter.  In  almost  all 
cases,  ths  tranaference  of  matter  in  from,  the  positive  to  the  negative  pole,  and  when  tha 
discharge  takes  place  betweej)  oxidiibte  mctalfl  in  the  air,  the  transferred  mutter  always 
consists  of  the  oxidised  metal  of  the  positive  tenoinaL  The  same  tntnttference  of 
matter  takes  in  the  ordinary  electric  spark,  as  obaarrad  long  agn  hy  Fusini^ri. 

The  intensity  of  the  light  of  the  voltaic  aro  has  bean  examined  by  C asset msnn 
(Pogg.  Ann.  l»«n,  67S).  The  cliarooal  terminals  were  formed  of  hard  Bunseo's  char- 
coal (L  760)  saturated  with  various  Bolutioas,  nitrate  of  strontium,  boric  acid,  &c.,  and 
then  re-ignited.  The  terminals  thus  prepared  gave  a  ven'  steady  arch  of  light, 
rariously  coloured,  according  to  the  anbet^ince  with  which  the  charcoal  was  impreg- 
nated, and  continuing  (with  a  battery  of  44  Bunsen's  cells)  till  the  nointe  were  sepa- 
mted  by  an  interval  of  7  or  S  mm.,  whereas  tlie  UKiateady  arc  produced  vrith  erode 
eharcoal  did  nnt  pass  over  a  sfiace  exceeding  6  mm. 

The  following  table  exhibits  the  intensity  of  light  of  the  glowing  charcoul  points, 
together  with  that  of  the  luminous  arch,  compHnxl  with  that  of  a  fttearine  candle,  and 
in  each  instance,  when  the  terminals  were  very  clo.<}c,  and  when  they  were  iepaated 
as  far  as  possible.  The  strength  of  Ihe  current,,  measured  by  a  tangent.«ompA<<s,  ia 
expressed  in  chemicid  units  (p.  462).  The  light  was  moasured  by  a  Bonscs'a  poo- 
b>mcter:  — 
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Crude  charcoal  .... 
CbsKoul  yrith  mtrat«  of  atrontiom  . 
Charcoal  with  caustic  polaeli  . 

ChAT<C3al  with  chloride  of  zinc 

Charcoal  with  borax  and  sulphuric 
acid    ...... 


D<tt«n»  brtWMm 

Strcogth  of 

UiUnillr  tt 

chiircual  pnintt. 

current 

ligbL 

0-fi  mm. 

9fi 

MS 

45 

68 

139 

0-6 

120 

85S 

676 

88 

274 

25              1 

loi 

\50 

b-0 

82 

75 

to 

80 

624 

fi-0 

67 

159 

16 

72 

1171 

B-0 

64 

165 

These  numbers  show  that  both  the  strength  of  the  cum?nt  and  the  xntenaitT'  rf  the 
light  diminiBh  as  the  diBtaoce  between  the  terminala  is  iocreuaed. 

From  the  experimenta  of  Fizeau  and  Foacault,  it  appeara  that  the  inteudtj  of 
the  voltaic  arc  of  a  46-pair  Bmueu's  battery  ta  thirtj-four  times  as  great  aa  that  of 
the  oxy-hydrogen  lime-light. 

The  great  inteaaity  of  the  voltaic  light  has  lod  to  vatiooa  attempta  to  adapt  it  to  the 
purpoam  of  illumioatioD.  There  ia,  howeTer,  eoDsideiable  difficulty  ui  obtAining  a  steady 
lights  because,  as  already  abserred,  the  chiin^oal  ternuDals  are  continnally  bumli^ 
away,  and  their  shape  La  eonatantly  varying,  in  cocsequence  of  the  tmnsfarenoe  of  par- 
tielea  froin  one  to  the  other.  Unleaa,  therefore,  some  tneana  are  provided  for  inaioUi&> 
lag  a  constant  distance  between  them,  the  light  continually  varies  in  intensity,  aad 
■omcrtimieB  goes  out  altogether.  The  most  effectual  arrangement  for  this  purpose  is  tbst 
Hdopted  by  Duhoscq  in  hit  electric  lamp,  for  a  description  and  figure  of  which,  tn 
Jh  fa  Rive't  Traiti,  ii.  26,  or  Ure's  Dicfwnan/  of  Arts,  Manufactures,  and  Minr*,  il  87 
This  apparatus  is  admirably  adnpted  for  opticiU  purposes,  for  exhibiting  efiects  of  re- 
frartion,  diapersion.  polarisfttion,  he.  for  throwing  images  of  various  objects  on  i 
screen,  and  for  certain  thefttrical  effk>t«  where  a  strong  beam  of  light  is  required;  hut  for 
genera]  purposes  of  illiiminntioD,  where  a  number  of  small  lights  are  required,  rather 
than  one  very  strong  light,  the  electric  light  does  not  appear  to  be  very  well  adapUd, 
because  every  break  in  the  circuit  increases  enormously  the  battery  power  reqoirnl  to 
overcome  the  resistance, 

Mr.  Way  has  obtained  a  very  bright  light  by  passing  the  electric  current  along  i 
stream  of  mercury.  The  light  is  produced  by  the  inciindesoence  of  the  mercvi^ 
rapour ;  it  has  a  somewhnt  flickering  character,  and  a  decided  greenish  tinge. 

The  magneto-electric  hght  has  ako  been  applied  to  the  purpose  of  illoiuinatioa,  a 
number  of  soft  iron  keepers  carrying  coils  of  mro  being  made  to  revolve,  by  steam 
power,  in  front  of  a  series  of  m^ignetic  poles.  As  apparatus  of  this  kind  was  tzied  st 
the  South  Foreland  Lighthouse  for  a  year,  with  very  good  results,  as  regards  the  in- 
tensity and  stt^adinesB  of  tlie  light. 

The  stratificaium  of  the  electric  liglit  in  highly-r&refled  gases  haa  been  already 
mentioned  (p.  391).  This  phenomenon,  flr«t  obterved  with  the  discluu]ge  of  the  iit 
ductioUHSoil,  has  been  shown  by  Mr.  Gassiottobe  likewise  produced  by  the  disehsig* 
from  the  conductor  of  an  electrical  machine  oi  from  a  Leyden  jar,  and  by  that  of  • 
voltaic  battery  consisting  of  a  large  number  of  celts,  such  as  Gassiot's  water  battsrr, 
or  a  Grove's  batfery  of  400  cells  well  insulated,  so  as  to  obta;in  high  tension  at  the 
poles.  It  is  therefore  wholly  independent  of  the  pecuHar  conditions  of  the  indoctioo 
■ppnratuB.  lu  short,  the  iitratiiicattons  are  produced,  whether  the  dischazge  is  eon- 
tiiiQous.  like  that  of  the  voltaic  battery  under  ordinaij  circumstancee,  or  intermittent 
Eke  that  of  the  water  battery,  or  that  of  the  nitric  acid  battery  jast  mentiooed,  when 
a  small  interruption  ia  made  in  the  circuity  so  as  to  give  rise  to  the  passage  of  spsHu; 
but  they  are  much  more  brilliant  with  the  (apparently^  continuous  than  with  the  b- 
t&rmittent  diseharge,  l)ecau8e  the  action  of  the  battery  u  much  more  energetic  in  titt 
fc^rmer  case.  Mr.  Gassiot  regards  the  stratified  discharge  aa  arising,  in  all  cases,  btm 
the  impulses  of  a  force  scting  on  highly-attenuated  but  resisting  media,  and  thoes 
concludos  that  the  discharge  of  the  voltaic  battery,  under  every  condition,  is  not  «»• 
tinuous  but  intermittent,  consisting  of  a  series  of  pulsations  or  vibrations  of  grcstv 
or  less  velocity,  according  to  the  resistance  in  the  metallic  and  electrolytic  elements  <rf 
the  battery,  and  the  conducting  media  through  which  the  discharge  passes.  (Proc:  Baj. 
6oc  X.  393;  xii.  S29.) 

The  voltaic  arc  and  the  stt«ams  of  electric  light  produced  in  rarefied  piirs.  srs 
deflectsd  by  the  magnet,  like  a  wire  conreying  a  ciureut  of  electricity.     Some  very 
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irniArk«ble  ph^nomeoA  arc  exlifbited  yrhtn  the  pole  of  a  maffset  u  held  near  the  m^ 
tnliir  trnniojdji  la  ■&  exhaiuted  tob«  through  which  the  diflchttrg«<  w  pMsme,  the 
ciureDt  being  aoinetiinee  coinpletelj  iotermpted,  as  if  the  luminoiu  stream  bad  been 
dnren  awaj  from  the  terminal,  and  thiu  the  continoitj  of  the  circuit  broken.  (Proc. 
Boy.  Boa,  ix.  145,  604;  z.  269.) 

PArmoLOOtcAL  Aonov  ot  tkb  Eijktbtc  Cxtumwst:  Asixal  Elbctbicitt. 

Gmerai  Law  o/Ifereoua  Excitation  bf/  the  EStctric  Current,'-' A.  roltaie  battery  of  a 
modente  nomber  of  pairs,  girce  a  shock  at  the  moment  when  the  circuit  is  completed 
by  touching  the  tvn  pole?  with  the  band^,  and  likewise  on  intemptiaK  the  circuit ;  bat 
the  continaoua  paaeage  of  a  current  of  constant  strength  does  not  produce  any  nerrotta 
agitation. 

For  more  delicate  obseirations  on  the  physiologial  aetioo  of  electricity,  the  limbe 
of  a  recently  killed  frog  are  used, 

prepand  as  in  Galvaoi's  original  'V*  ***'• 

experiment  (p.  415),  by  cutting 
through  the  spinal  column,  Imring 
three  or  four  Tert«bne,  then 
■tripping  off  the  skin,  and  leading 
the  lower  extremities  suspended 
by  the  lumbar  nerrcs,  as  in 
Jm.  469.  tiom«*imes  only  one  ot 
toe  lege  is  osed,  with  m  csonsi- 
deraMe  length  of  the  lombar  nerre 
attached  to  it.  and  witbont  th«i 
T«rtebrse.  Such  a  preparation, 
whioh  ^ivee  exceedingly  delicate 
ittdwitiooe  of  the  preaence  of  an 
eleotrie  carrent*  ie  called  a  ga  Ira- 
Soecopic  orrheoscoptc  limb. 

In  the  rbeoscopiclimh,  as  in  the 
human  body,  the  contractions  are 
produced  at  the  closing  and  open- 
ing  of  the  circuit,  or  generally  on 
the  ooenrrence  of  any  rariation  in 
\be  strength  of  th*"  current,  but  not  while  it  continue*  of  constant  strengtb,  In  this 
feapect  the  physiological  action  of  the  current  resembles  its  inductive  action  (p.  451). 
The  nerrous  agitation  produced  by  a  current  of  given  strength  is  greater  in  propor- 
tion as  the  Tarintions  in  its  strength  take  pUce  more  quickly:  hence  the  discharge  of 
a  Leyden  jar,  even  if  of  small  dimensions,  produces  a  veiy  violent  shock,  the  current, 
though  very  small  in  quantity,  passiug  through  all  its  Tariations,  from  the  commence- 
inent  to  it«  maximum  Btrengtk,  und  down  again  to  its  termination,  in  a  time  inap- 
preciably small 

The  preceding  obeerrations  must,  however,  be  understood  ae  applying  only  to  the  ac- 
tion of  the  current  on  the  motor  nerves ;  for  the  nerves  of  sensation  are  affected  by  the 
oontinuuuB  current,  as  well  as  by  the  sudden  dischatge ;  a  peculiar  sensation  is  ez> 
parieoted  when  the  current  of  a  voltaic  battery  of  a  considerable  Qombtt  of  pairs  ii 

Fiff.  460. 


pMeed  throogh  any  part  of  the  body,  and  the  current,  eren  of  a  single  pair,  p!>oducee 
A  eerere  semtution  of  smiirting  when  it  passes  over  any  part  of  the  surtace  from  wHicji 
the  ekin  is  abraded.    The  effoct  on  the  nerves  of  sensation,  like  that  on  the  aerree  of 
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znotioii,  is,  hoverer,  much  greater  at  the  commenoemeot  and  onsation  of  tho  eumit 
thiui  during  its  contioiiance. 

Becently -prepared  frog's  legs,  which  are  very  excitable,  exhibit  equally  strong  eonTwl- 
sioDS,  bath  at  th«  opening  and  closing  of  the  circait,  in  whichever  direction  the  currvui 
is  Bent  through  them ;  but  as  the  exi-it^bilitj  beoomca  lem,  this  equality  no  longi^r  eiift«. 
and  Du  BoiB-Reymond  has  shown,  that,  with  a  mediom  degree  of  excitability  in  tli4 
preprtred  frog's  limb,  the  contractions  are  stronger  at  the  c/^jsim  of  the  ciitrait,  whra 
the  positive  current  paues  from  the  origin  of  the  nerven  to  their  ramificationa.  and  jt 
fhn  openinff  of  the  circuit,  when  the  current  is  in  the  ooatrary  direction.  This  mnj 
be  shown  b;  imtnereing  the  two  legs  of  the  frog  in  separate  glaasea  uf  salt  watar  con- 
nected with  the  poles  of  a  b»ttery,  as  in  Jig.  460,  so  tbat  the  +  E  may  pass  op  one 
leg  and  down  the  other ;  it  mill  th«>n  be  found  that  the  leg  in  the  cup  connected  wiih 
the  negative  pole  exhibits  convoLuons  at  the  closing  of  the  dxcoit  and  the  other  at  tlio 
Often  infi. 

Tlie  BEiisciilar  CiuT«iit.  The  rheoscopic  lioib  may  be  made  to  exhibit  convnl- 
aioiiB  without  tho  nction  of  any  external  source  of  electricity.  Oalvani,  who  flwt 
observed  the  eotitraftious  produced  on  touching  the  nerves  of  the  limb  with  a  eopmr, 
and  the  muscles  with  au  iron  rod,  the  two  metids  being  in  contact,  attributed  the  effect 
t4i  a  pwruliar  fluid  which  he  aupposod  to  pass  throogfa  the  limb  frum  the  nerves  to  the 
muBcles.  Vol  t  a,  however,  showed  that  an  esssntiju  condition  to  the  production  of  ths 
powerful  contractions  observed  by  Galvani,  was  the  presence  of  two  metals  in  the 
circuit,  and  he  attributed  the  entire  effect  to  electricity  developed  at  the  point  of  con* 
tiu't  of  the  disaiiailar  metab  (p.  415).  Tho  invention  of  the  pile,  to  which  this  theorj 
li?d  him,  and  the  splendid  series  of  discoveries  theiica  residting,  diverted  attention  fcr 
a  considerable  time  from  the  original  phenomenon.  Galvani,  howerer,  retained  fail 
original  view,  and  succeeded  in  showing,  that  the  prepared  frog's  limbs,  when  vefy 
excitable,  that  is  to  say,  soon  after  separation  from  the  living  body,  exhibit  the  eos- 
traetionB,  not  only  when  the  nerves  and  muscles  are  connected  by  a  homogeDnai 
metallic  wire,  but  even  without  any  metal  at  dl,  namely,  by  simply  bringing  tlie  ex- 
tremities  of  the  lumWr  neires  in  contact  with  the  muscles  of  the  leg  or  foot. 

The  contractions  may  also  be  produced  by  dipping  the  feet  into  a  reesel  containiju? 
salt  water,  the  vertebral  column  into  another  vessel  of  salt  water  placed  by  the  side  of 
it,  and  connivtinp  the  two  portions  of  liquid  by  means  of  a  bundle  of  moistenod  coitoa 
threads ;  the  Hmba  exhibit  convulsions  everjr  time  the  circuit  is  completed  or  broken. 
If  the  two  vessels  are  connected  by  dippmg  into  them  platinum  platee  attached  to 
the  coil  of  a  very  delicate  galvanometer,  tlia  needle  exhibits  a  deflection,  indieatia^ 
the  existence  nf  a  current  from  the  feet  toward*  the  head.  This  was  first  shown  hv 
N  ob i  1  i ;  and  M  a  1 1  e  ucc  t  afltfrwards  fonnd  that  an  equally  stroui;  current  is  prodttcra, 
when,  instead  of  the  prepared  limbs,  the  entire  body  of  n  frog,  recently  killed  ana  skinafd, 
is  placed  between  the  two  glaases,  with  the  heatl  in  one  and  the  feet  in  the  other,  th« 
current  always  |vasaing  in  the  body  of  the  frog  from  tlie  ft«et  to  the  head.  With  ths 
galvanoscojpic  limb,  a  current  is  obtained  stilJ  in  the  same  direction,  when  the  If^fe 
unmerssd  in  one  vessel  and  the  thigh  in  the  other. 

As  tiie  saline  solutions  may  a«'t  chemically  on  the  animal  fluids,  and  thus  gesMnte 
currents  which  interfere  with  the  true  muscular  and  nervous  current*,  it  is  neeeestiy, 
in  the  more  delicate  iavestigatioas  relating  to  imimal  electricity,  to  make  nse  of  a|ipa> 

ratus  in  which  the  direct  contact  of  the  nem« 
and  muBclea  with  these  solutions  is  aroidsi 
Such  is  the  contrivance  adopted  by  Da  Bots- 
Reymond  {Untertvrhuit/fcn  iih^r  tkitrimit 
Ettctricitdt,  Berlin,  1848  and  1849;  Ann,  Ch 
Phys.  [3]  XXX.  119,  178;  xxxix.  114).  wfaieli 
consists  in  laying  the  nerve  or  muscle  be^eia 
two  p^ds,  composed  9t  %  great  number  of  kytB 
^  of  thin  filtering  paper, satontted  with  the  siliae 
solution,  and  laid  over  the  edges  of  the  resscdsis 
wbicb  the  platinum  terminals  of  the  g!iUvuMK 
meter  are  unmorsed,  the  animal  substance  not, 
however,  being  in  direct  contact  with  th* 
moistened  paper,  but  eepaxated  from  it  br  a 
•mall  piece  of  moistened  hliddrr  soaked  in  white  of  egg :  this  preventa  any  diemical 
aetien  between  the  saline  EM>lution  and  tlie  animal  fluids,  but  does  oot  stop  thecan«ot. 
During  the  intervals  between  the  experiments,  the  two  pads  are  connected  by  a  third. 
as  shown  in  the  figure^  the  object  of  this  connection  being  to  keep  tho  circitit  dosed, 
and  allow  any  ptMariaattoii  ol  the  platinum  plates  that  may  have  taken  place  to 
aentraiise  itseUl 
Abetter  mode  of  experiaentiiig,  however,  is  that  of  Mutteacci  (Prc«.  Rcj.  Sna 


Fig.  461. 
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s.  677),  who  itiea»  m  extromitiw  of  the  galmoomcter.  pktcfl  of  amalgunatcd  line. 
itnmrnod  in  •  n<*utral  SJitumUxl  Bolutlon  of  tulpluite  of  Einc.  Thi*  liquid  pommma 
givut  conducting  power,  but  does  sot  act  cbemioJly  on  tbo  Animal  tiasu« ;  the  Appa>* 
n-tus  ii  also  aoito  free  firom  Mcoadsfj  polarity. 

Bj  th«  moae  of  experimenting  above  deacribed,  tha  fidlowing  fiuti  haTO  bMB  ostab- 
lisbed: — 

1.  Wbeo  «  miucle  haring  two  membmnooa  tenniiifttiooB  Lb  laid  beUreen  the  ooo- 
dnotiDg  pada,  aa  in  jS^.  462,  no  current  ia  ptodtioed;  but  if  tho  xniude  ia  placed  aa  in 


Fiff,  482. 


Ftg.  408. 


Jfff.  46$,  with  oo^  of  its  extremitica  in  contact  with  one  pad  and  ita  red  mnacolar  sur- 
U«e  with  the  other,  a  rery  Birong  carreut  i»  prodnced,  piuwing  thiongh  the  muaclo 
from  the  tcDilinooB  extr«mity,  a,  to  the  poiut  uf  contact  of  the  miucalar  floah  with  the 
pad.  If  the  moscle  be  remorcHl,  tiut  circmt  completed  hj  the  oonniMSting  pad,  so  as  to 
deatiojr  the  polurity  of  the  platea,  the  connecting  pad  then  rcmo7ed,  and  the  poi»ttioo 


Ffff.  461. 


Fig.  465. 


I  the  moacle  reveraed  ai  in^.  464,  the  dirpction  of  the  rnrrcnt  is  reTpreeMl,  that  ia 
nj,  it  ia  atHl  from  the  toodinotu  exlremitj  6,  to  the  touched  point  of  the  mtucalar 

2.  If  the  moflde  be  cut  tnuiRTPreoIj  and  then  placed  between  the  pade,  so  that  tho 
cut  «jrfaee,  a,  is  in  contact  ■with  one,  and  a  point  of  the  outer  euHiu'e  with  the  other 
(y^7.  465),  the  current  passes  from  a  through  the  muscle  towards  tho  latter  point. 

The  artificial  transvetBe  section  of  the  muscle  plajs,  thereforo,  the  same  part  as  the 
t«ndiooas  extremitj ;  in  fact,  this  extremitj  maj  be  regarded  as  a  natural  transrerse 
section,  oorered  with  a  neutral  substHnM*,  the  tendon,  which  acts  merely  as  a  conductor. 

8,  If  the  muscle  be  torn  in  tho  direction  of  the  fibres,  an  artificial  longitudinal 
Mctioo  is  obtained,  which  acta  just  like  the  natural  lateral  surface  of  the  musdrs,  or 
natural  longitudinal  Hection. 

Tbese  reaiillts  lead  to  the  following  general  law  of  the  direction  of  themusculor  current. 

T%t  tonffitudinat  $ettiim,  natural  or  arttjicialy  of  a  mutci*.,  is  positive  to  its  it'itural 

mrtifioid  trOHSversf  section. 

'This  law  of  the  muscular  current  ii  not  confined  to  any  partjeular  class  of  animalM, 

It  estends  throughout  the  animal  kingdom.  Du  Bois-Reymond  has  obsnred  it  in 
the  muades  of  man,  of  the  rabbit,  gniuea-pig,  mouse,  dore,  sparrow,  tortoise,  lizard, 
udder,  blind-worm,  many  kinds  of  frug  and  toad,  the  wrth-  aoa  water-salamander,  the 
riTer-crab,  and  the  common  earth-worm. 

Du  Bois-Reymond  hna  further  shown  that  currents  exist  between  difiTerent  pointsof  the 
longitudinal  section,  either  natural  or  artiSciah  any  point  in  such  longitudinal  section 
being  negatirs  with  respect  to  any  other  point  farther  than  itself  from  the  extremity 
of  the  section. 

The  central  pointa  of  any  trauBTerse  section  are  negatire  to  those  situated  beyond 
them. 

TheM  eoRCOts  wcifting  between  different  points  of  the  same  section,  longitudinal  or 
teMwrerie,  ar^  howerer,  Tery  feeble  in  comparison  with  those  betwL>en  a  trsusTerse  and 
*  longitudinal  section. 

It  appears,  then,  that  eTcry  fragment  of  a  muscle,  howpTcr  small,  exhibits  currents 
following  the  same  general  law.  Hence  it  may  be  inferred  that  the  innscnlar  currents 
are  mof^uiar,  like  those  to  which  the  efleets  of  magnetism  are  attributed  in  Ampere's 
theory,  so  that  the  muwuliir  currents  really  form  doeed  eircuila,  and  the  currents 
actUiJIy  obserred  in  ezperimeotB  like  those  shore  described,  arc  merely  derired  Aurenis, 
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obtained  W  diverting  a  portion  of  the  principal  current  tbrough  a  ndgbtx>aHiig  eob* 
ductor,  and  probably  very  greatly  inferior  in  intensity  to  the  primitiTc  carrents. 

The  strpQgtb  of  the  muBcula^r  current  is  greater  in  proportion  aa  the  mnsde  baa  to 
exert  a  stronger  mechanical  jKiwer,  whether  voluntary  or  involuntary  (Du  Bois>Rej> 
mo  n  d).  According  to  M  a  1 1  en  c c  i  (Proc  Roy.  Soc.  viiL  2091,  tlie  electromotive  pwror 
of  11  muscle  ii  independent  of  the  surface  of  ita  transrerse  aectioa,  but  increoaas  with  tb* 
length  of  the  mu^'le.     It  is  greater  in  mammals  and  birds  than  in  fiab  or  ampblbta. 

The  nerves  have  no  direct  infiuence  oa  the  electromotive  force  of  tniudea,  but  any 
cstuefl  vhicb  exert  an  influence  on  the  physical  stxucturo  and  chemical  compositioa  of 
noaclea,  so  aa  to  modify  their  irritability  or  contractility,  act  equally  on  tbeir  electro- 
motive  power.    (Matte ncci,  ioc,  cit) 

According  to  J.  Regnauld,  tbe  maiimmn  electromotive  force  of  the  gastro-enemiaB 
muscle  of  W0  frog  is  between  4  and  d  times  on  great  aa  that  of  a  thermo-electric  ooapla 
of  bismntb  nod  antimony  having  one  of  ite  joints  at  0°  C.  the  other  at  100"  ;  that  of 
the  thigh -iniiaclpa  of  the  frog  is  0  or  10  times  that  of  the  same  couple.  Referred  to 
the  same  unit,  the  electromotiTe  force  of  the  gaatro-cnemiiu  of  the  rtibbit  is  between  6 
and  7,  that  of  the  bicepe  between  6  and  6. 

The  electromotive  power  of  tbe  muscles  diminishes  after  deatb  at  the  sasie  rate  m 
the  irritability,  and  when  the  rigidity  of  death  Bet»  in,  tbe  muscular  current  ceaaa 
altogether,  and  cannot  be  renewed  by  any  means  whatever.  Itia  therefore  easentiany 
m  vital  phenomenon. 

A  muscle  during  contiaction  exhibits  an  electric  current  in  tbe  same  direction  u 
^ben  it  id  u  tbe  uncontmcted  state,  but  tbe  curreot  is  much  weaktx.  (Da  Bois- 
Reymond,  Matteucci.) 

Tbe  VeTTO«u  Ciurreiit.    By  operating  with  tbe  sciatie  nerve  of  a  tiog  in  ths 

aame  manner  as  in  Uie  ciperimenta  with  muscle  above  described,  pladng  a  transverse 
section  in  contact  with  one  of  the  pads  of  filtering  paper,  and  a  point  of  tbe  lateral 
surface  with  the  other,  a  strong  current  is  obtained,  passing  from  tbe  tzHnaverse  section 
through  the  nerve  to  the  touched  point  of  the  lateral  surface. 

Generally,  the  nervous  current  is  subject  to  the  same  laws  as  the  mnscnlar  cnirent; 
the  nerve*  may  therefore  be  supposed  to  be  the  seat  of  a  number  of  closed  molecoUr 
current*,  of  which  the  currents  actually  indicated  by  the  multiplier  h.re  merely  derived 
portions,  greatly  inferior  in  strength  to  the  nervous  currenta  themselves. 

When  an  electric  current  from  a  voltaic  couple  is  passed  along  any  portioo  of  a 
nerve,  the  nerve  begins  to  act  electromotively  at  all  its  points,  independeDtly  of  it* 
onlinary  electric  state,  the  direction  of  the  currents  thus  produced  coLnciding  with 
that  of  the  exciting  current.  This  is  called  tbe  electro-tonic  state  of  tbs 
nerve. 

When,  on  tbe  contrary,  the  nerve  is  tetanised,  by  the  passage  of  momantlij 
currents  through  it  in  opposite  directions,  as  from  an  induction-coil,  the  ordinazy  nezroai 
current  is  weakened,  like  the  muscular  current  under  Blmilar  circumBtanoea. 

For  further  details  on  the  muwular  and  nervoits  currents,  see  Miillcr  Lekrhuck  dtf 
yhi}s\h.  ii.  410-432.— De  la  Rive,  Traiti  iiL  1-61.— Ma  tteucci.  Ann.  Cb.  PhyafJ] 
Ivi^  429  ;  Ixviii.  93.  [3]  vi.  30;  viiL  309  ;  iv.  64  ;  xviii  109;  niii.  230  ;  PbiL  Tnua. 
1847-1850;— Proc.  Boy.  Soc  viii.  209 ;  x.  344.— C.  B.  Radcliffe,  iWif.  ix.690;x. 
847. 

Bleotzio  Tlab«aw  There  are  certain  Ssbes  provided  with  peculiar  organs,  in  which 
electricity  is  developed  with  sucb  intensity  as  to  give  powerful  sbodca,  and  exb"bit 
various  other  stgus  of  electric  action,  such  as  attraction  and  rejmlMon,  tbe  spark, 
mftunetisation  of  steel,  &c. 

The  fishes  in  which  this  power  is  known  to  reside,  are  tbe  Torpedo  or  Bsetrie  E*y, 
ibnnd  in  the  Mediterranean  and  in  the  Atlantic,  rarely  in  the  Iforta  Sea ;  the  Gymmotiu 
eleoin'cua  or  Surinam  Eel,  found  in  tbe  lakes  and  rivers  of  South  America,  especially 
in  Oui&oa;  and  the  Siluni*  rlecin'eM,  found  in  the  Nile,  Niger,  and  otber  A£ricanriven> 
Besides  these,  the  Rkinobatiu  riectricua,  Teiraodon  eiectrictu,  and  TVickiurttf  dectruin, 
are  said  to  possess  similar  powers,  but  the  statements  respecting  tbem  are  sMnewhst 
Tague  and  require  confirmation. 

The  torpedo  has  long  been  known  to  possess  tbe  power  of  giving  i^ocks:  but  tbs 
electric  character  of  this  power  was  first  pointed  out  by  Muschenbroek,  and  fortbff 
estabUebed  by  Dr.  John  Davy,  whoobtained  a  deflection  of  a  galvanometer  needle  br 
bringinj?  the  extremities  of  the  coil,  furnished  with  platinum  plates,  in  contact  with 
the  buck  and  fit>nt  of  the  figh,  and  magnetised  a  steel  needle  by  placing  it  in  a  helix, 
the  ends  of  which  were  made  to  touch  the  fish  in  a  similar  manner.  He  Ukewive 
succeeded  in  decomposing  water  by  the  same  current,  and  proved,  by  the  manner  is 
which  this  decomposition  took  place,  as  well  ss  by  tbe  magnetic  pbenomftna,  that  ths 
opper  or  back  surfiiCe  of  the  torpedo  is  podtive,  tbe  lower  oeg^y^     These  nsaUs 
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Fig.  466. 
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WCM  «flninn«d  1^  Becqnerel  and  Bi«acbet,  aod  further  by  M*tt«ncd  and  Linui    Tb« 

latter  first  obtaint^  ■  spark  from  the  torpedo  by  bringing  &n  iron  wire  touching  one 

Burfac*  of  the  fish  in  contact  with  a  cup  of  mercury  connected  with  the  opposite  euiface  ; 

he  likewise  obtained  ao  indoction-spark  by  pasiing  the  diitcharge  firom  tiw  Ash  through 

«n  electro-dynamic  helix.      Mattwicci.  afterwank  obtained  a  apark  and  eflEbeta  of 

ftttractioo,  by  placing  a  toipedo  just  taken  oat 

of  the  wuter  between  two  metallic  plates  {fig. 

466),  the  lower  supported   on  glaaa  less,  the 

upper  prorided  with  ao  inaolating  handle,  and 

both  oaring  attached  to  them  metallic  rods, 

terminating  in  balls  A  B,  to  which  gold  loares 

wi^re  attached.     On  gently  moring  the  upper 

plate,  ao  u  to  irritate?  the  animal  a  tittle,  the 

gold  leaTes  moTed  together,  and  a  bright  apark 

paased  between  them. 

In  the  gymnotuH,  the  direction  of  the 
electric  discharge  is  firom  the  head  through  an 
external  conductor  to  the  tail,  the  head  being 
the  poeitire  extremity.  When  the  fish  bends 
its  long  body  Into  a  curre,  the  water  included 
in  the  curve  is  tniT-er»ed  by  a  number  of  elec< 

trie  currents,  which  kill  any  small  fishes  that  may  be  in  their  way.  Far«day  showed 
that  the  electric  current  from  the  gymnotus  is  capable  of  deeompoaiag  iodide  of  potas- 
mum,  magnetising  steel  nepdles,  and  producing  an  indnction  spark ;  aitd  Scbonbein,  by 
connecting  two  stripe  of  gold  \*m{,  one  with  the  head,  the  other  with  the  tail  of  the  fish, 
obtained  Tivid  sparks,  attended  with  combustion  of  the  gold. 

The  shock  given  by  the  gymnotus  is  mncb  more  powerful  than  that  of  the  tor- 
pedo ;  indeed,  when  toe  ftsh  is  lo  full  vigour  in  i(s  native  ^loment^  it  is  capable  of 
Killing  large  animals.  The  discbarge  from  both  these  fishes  is  of  high  iotensi^, 
like  that  of  a  Leyden  jar,  and  will  give  a  shock  to  a  chain  of  screnil  peraona  joining 
hands. 

The  power  of  aO  the  electricii]  flshee  resides  in  peculiar  ovgana,  bearing  a  general 
resemblance  to  a  voltaic  nUe.  In  the  torpedo,  the  electrical  organ,  situated  l^tween 
the  pectoral  flna,  the  heao,  and  the  gills,  is  formed  of  a  nnmher  of  sm^  membranous 
tubeii,  A,B{/ig,  467),  passing  perpendicularly  from  front  to  bock  of  the  flsh,  pressed  to- 
gether like  the  celld  of  a  honey-comb,  and  divided  by  transverse  diaphragms  into  a  great 
number  of  small  cells,  which  are  filliHl  with  an  albmninous  liouid  (^  salt  water  and  A 
albumen).  There  are  about  fliO  of  these  tubes,  each  divided  into  2000  eels,  and 
the  OTgao  is  traversed  throughout  by  numerous  ramifications  of  nerves  proceeding  from 
the  edghth  pair.  The  direction  of  the  titbes  is  in  accordance  with  the  opposite  polari- 
tica  of  the  two  flat  surfaces  of  the  fish. 


Fig.  467 


Fig.  468. 
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In  the  gymaotas,  the  electric  organ  (flg.  468)  is  of  similar  construction;  but  the  tuba 
are  rectangular  and  directed  pBmllel  to  the  axis  of  the  fish.  The  transverse  diaphragma, 
>4,  B,  which  are  perpendicular  to  the  length  of  the  animal,  consists  of  two  solid  membranes 
■uperposed  but  not  in  contact,  one  having  iv  cellular  structure,  the  other  composed  of 
minute  fibres.  There  are  also  two  liquids — one  ikt  ttdfCtJ/uJar  liquid,  contained 
between  the  two  membmnes  jnust  mentioned,  the  other,  the  tiipfr-ctliular  liquid^ 
botwoen  two  sncoessive  diaphra^s.  Fitcini,  to  whom  the  anatomical  examination  f£ 
the  organ  is  due,  compares  it  with  the  voltaic  batti>ry  of  one  metal  and  two  liqaida 
fbo  ehemieal  action  taking  place  hrtwcen  the  cellular  suhtitanee  and  the  sub-cellolar 
liquid,  the  soper^cellnlar  liquid  acting  merely  as  a  conductor,  and  the  fibrous  svbetaoea 
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ta  the  poroo*  wU.    The  fibnnw  snbstAnee  in  each  cell  is  sitn&ted  towarda  th»  Y 
the  iinimal,  «  that.  thi«  mndfi  of  uftion  is  in  a<vonl»uce  with  thr-  direchaa  of 
poHitive  cuTTPnt  in  the  bndy  of  the  fish  from  the  tail  to  the  head. 

The  electrical  orfran  of  tiie  bilurns  is  composed  of  small  membnuies  B  B  {fig.  iUft) 
croanng  one  another  in  Tarioiu  directions,  uid  funning  a  number  of  octahedral  ccU^ 
each  haTiDg  the  capadty  of  about  a  cubic  roillunetre,  and  ftlM  with  an  albumim>i>t 
liquid-  The  whole  forms  a  spongy  mam  just  beneath  the  ekin,  and  enrelopee 
whole  body  like  a  snc^  exc(?pting  the  mazzle  and  the  flna.  It  is  aeparated  from 
body  of  the  fish  K  Ehyn  thick  luyor  of  fat  D  A  which,  being  a  non-conductor,  a] 
to  he  dwigned  to  protect  the  aniiiml  from  the  effect*  of  ita  own  electricity. 

In  all  the  electric  fishee,  the  actiou  i>f  the  electric  organ  is  to  a  considerable  exteot 
nnder  the  control  of  the  will,  and  it's  exertion  is  attended  with  exhaiutioaof  oer- 
Tous  energy,  the  animal,  after  giving  repeated  shocks,  requiring  rest  and  good  noari^- 
ment  to  restore  its  electric  power.  But  the  recent  rxperimenta  of  Matteueei  (Pkk. 
Hoy.  Soc.  X.  676)  on  the  torpedo,  have  shown  that  the  electric  organ  ia  not  autiralj 
nnder  the  control  of  the  wiU.  hnt  is  always  charged,  and  that,  round  the  body  of  iIm 
torj>^o,  and  of  every  other  electric  fish,  there  is  a  continual  drculAtioD  of  electricity 
in  the  liqnid  medium  in  which  the  animal  is  immersed.  In  fact,  when  the  electric 
organ,  or  even  a  fragment  of  it,  is  removed  from  the  living  fiah  and  placed  between  the 
ends  of  a  galvanometer,  the  needle  remains  deflected  at  a  cooataot  angle  for  30  or  30 
hours,  or  even  longer. 

The  electric  orgnn,  or  a  portion  of  it  detached  from  the  fish  and  kept  at  the  firaezing 
temptrature,  preaervea  its  electromotive  power  for  six,  or  even  eight  daya ;  and 
an  organ  whico  baa  been  kept  for  24  honni  in  a  Tessel  aurroundcd  with  a  mtxtnn  at 
ice  and  salt,  is  found  to  poesees  an  electromotiTe  power  as  great  as  that  of  the  ot^ja 
recently  detached  from  the  living  fish.  Thus  the  electric  organ  retains  its  flinetioBil 
activity  long  after  nervous  and  muAcnlar  excitability  hATe  been  extingwilied.  Vat- 
teucci  has  oIho  shown  that  the  electric  or^^an  may  bo  excited  by  mechanical  irntntiQi^ 
independently  of  nervous  influence;  that  influence,  however,  renews  and  rendov  per* 
■iet*nt  the  activity  of  the  apparatus.  The  discharge,  which  is  only*  state  of  temporaxr 
activity  of  the  organ,  is  broiijiht  on  by  an  act  of  the  will  of  the  living  animal,  or  by 
the  excitation  of  the  nerves  of  the  oi^gan. 


]>Bvai,op»nnn'  or  Electeicttt  i»  Plaxts. 


The  electric  relations  of  the  different  parts  of  a  living  plant  have  been  examined  hy 
Ponillet,  Rjesa,  Becquerel,  and  Wurtmann.  without  anv  very  definite  resnita.  Tba 
mo8t  complete  experimentJi  on  the  subject  are  those  of  Buff  (Ann.  Ch.  Phya.  [81x11 
198),  wlio  has  shovm,  that  the  roots  and  aU  the  intcmai  porta  of  plants,  tomek  an 
filled  with  vrgrtaMe Juicca,  are  negative  with  regard  to  t^  more  or  less  humid  svfoBe^ 
the  leaves,  fifiwers,  fniit,  and  young  branchts. 

The  origin  of  tliis  phenomenon  ie  easily  traced.     The  interior  of  the  plant  eootami 

I'm*"**  of  various  nature,  which  cannot  pass  through  the  epidermis,  whereas  that  nwro- 
jrane  ie  always  impre^inated  to  a  cerlnin  extent  with  the  moisture  of  the  air.  Then 
are  then  in  contact,  n  membrnne  impregnated  with  water,  and  vegetable  organs  contoiih 
ing  liquids  of  various  nature ;  if  then,  a  closed  circuit  be  formcnl  between  the  two,  a 
current  muBt.  necessarily  be  produced;  this  current  has,  however,  onljr  A  ytarj  distant 
and  indirect  relation  with  the  phenomena  of  vegetation. 

So  far,  indeed,  as  obaervHtions  have  yet  gone,  it  docs  not  appear  that  living  planti 
exhibit  an  electric  state  analogous  to  that  which  has  been  shown  to  exist  in  the  nemt 
and  muscles  of  animola,  nil  the  signs  of  electricity  observed  in  them  being  attributable 
to  ordinarr  chemical  reactions,  and  in  some  caoea  periiape  to  the  eleetricity  of  the  atmo- 
•phere.     ('De  la  Rive,  TraH^,  iii.  82—88.) 

BUCTRZCZTY,  ATKOSPBBXtZC.    The  almosnhere  exhibits  signs  of  rice- 

tricity  in  its  iionnal  state  as  well  a.s  during  storms.  A  gold-leaf  electroecope oonneeted 
with  an  insuluted  pointed  metal  rod  projecting  into  the  air,  gives  almost  constant  in- 
dication.<<  of  elcctnc  chnrg(*,  the  kind  and  degree  of  which  vary  with  the  state  of  the 
atmosphere,  and  the  height  above  the  surface  of  the  earth  at  which  the  electiiicity  is 
collected. 

When  the  sky  is  quite  cloudless  and  the  air  dry,  the  electricity  of  the  atm.c^eTC  it 
alwap  jxwttive,  the  intensity  increasing  regularly  with  the  altitude  a>K)T©  the  taibM, 
where  tt  is  nothing.  At  any  given  altitnoe,  the  intensity  of  the  positive  cbar^  ex- 
hibits Ttiriations,  both  monthly  and  diumai  The  monthly  roriationa  ara  sneh  t^ 
tlie  mnximn  of  electric  charge  show  themselvc*  in  the  months  when  the  davi  ar» 
shortest,  nnd  tlio  minima  in  those  when  they  are  longest.  The  diurnal  varutioM 
differ  coDsidpnibly  in  amount  in  different  plocea,  and  are,  for  the  moat  part,  laopar- 
tional  to  the  variations  of  humidity  in  the  air. 


!bv 


The  pivcipitAiioo  of  aqueous  T»poar  in  the  form  of  eland,  fog,  or  ruin  pxfs  rise  fo 
fjrwt  and  middeo  diangM  is  the  electrical  ctat»  of  the  attnoHphere,  the  pontire  cUurge 
BO  loogv  feUowing  the  regular  ooane  of  Tariation  aboTc  muitionrd,  but  eometimefl 
flklliag  to  nothing,  and  eometimee  giring  place  to  a  oogHtive  chai-ge  of  greater  or 
Um  intensitjr.  Indeed,  tlie  rormation  of  a  cloud  or  iog  i«  always  acoompunied  bj  a 
change  of  diatribation  in  the  electridtj  of  the  stratum  of  air  in  which  it  takes  place. 
When  a  onmber  of  ^artidea  of  aqueou  vapour  combine  together  into  a  Teaicic  or  a  liqaid 
globale(aeeCLO(7D,  i.  1028)  the  email  quantities  of  -(-  £  eaaociated  with  them  unite  in  the 
globule,  and  are  accumulated  on  its  eurface,  and  when  a  number  of  these  globules  ar* 
aggregated  in  tlie  form  of  a  cloud,  a  considerable  portion  of  the  clurgt  is  traoaferred  to 
the  exterior  surfaee.  The  clood  consequently  acts  like  a  charged  conductor  on  the  air 
below  it,  rendering  the  oonti>2:uouB  portion  negatiTe,und  increasing  the  positive  charge  at 
a  certain  distance  on  either  side  of  thia  negative  portion.  Suppoee  now  a  cloud  thai 
charged  to  pass  over  the  electroscope.  When  it  is  within  a  certain  distance,  the  poaitive 
divergence  of  the  leavoa  inereaoee,  then  it  diiainishee,  and  at  a  certain  time,  via.  when 
the  neutral  limit  between  the  positive  and  negative  eolumna  of  air  is  passing  over  the 
•lectroeeope,  the  leaves  colkpee ;  then,  as  the  cloud  passea  on,  thej  diverge  with  negative 
electricity,  fhon  ri^iain  collapse,  and  when  the  cloud  haspaased,  they  again  diverge  with  + 
£.  showing  that  the  air  has  returned  to  ita  normal  electric  condition.  Ind«'p«ndently, 
however,  of  thia  inductive  action,  {lortions  of  the  air  frequenfJy  acquire  a  dinvt  negative 
charge,  from  a  eauae  to  be  explained  hcrenfter;  the  same  cause  also  givea  rise  to  the 
formation  of  negative  douds.  It  is  easy  to  aniientand  bow  th**  efiinsta  above  described 
may  be  complicatpd  by  the  presence  of  positive  clouds  in  di^erent  parts  of  the  aky, 
or  of  a  poeitive  cloud  in  one  part  and  a  negative  doud  in  another. 

A  Urge  doud  strongly  charged  with  +  E,  disturbs  the  electricity  on  the  earth's  rap- 
face  bf-low  it,  rendering  the  part  immediately  below  it  Btrongly  negative,  and  when  the 
opposite  dectricities  on  the  ground  and  tlie  lower  surface  o(  the  cloud  have  readied  a 
certain  tension,  di«chai^e  taics  place  between  them  in  the  form  of  lightning.  One 
doud  may  also  act  in  this  manner  on  a  neighbouring  doud ;  and  in  that  case,  the 
lightning  poMcs  from  one  to  the  other  without  striking  the  earth.  The  discharge  be- 
tween two  clouds  may,  however,  affect  objects  on  the  earth's  surface  in  this  way :  A 
positive  doud  may  render  negative  tlie  surface  of  the  ground  bt^low  it,  as  well  as  that 
of  a  neighbouring  cloud,  and  if  discharge  taJcea  place  between  the  two  douds,  the  cauae 
whidi  had  sep8rat«d  the  electricitien  of  a  certain  portion  of  the  earth's  surface  ia 
suddenly  removed,  so  that  they  recombine  with  equal  suddenness.  This  ia  called  the 
rr^tim  ttrokt.  It  ia  not  att^ndefl  with  any  visible  diaeharge,  and  is  never  so  violent 
u  the  direct  stroke  of  lightning,  but  man  and  animals  are  sometimes  killed  by  iL 

An  electrified  doud  never  discharges  all  its  electricity  at  once.  This  ariaes  from 
the  imperfect  conducting  power  of  itamaas;  in  fact,  when  a  number  of  globutea  of 
vater. unite  to  form  a  clond,  although  a  certain  portion  of  their  free  electrinty  is  trans- 
ferred to  the  outer  surface,  this  is  not  the  ease  with  the  whole — l:>ecauae  the  glnbules 
are  not  in  sufficiently  dose  contact  to  form  a  continuous  conducting  niaaa.  The  charge 
appears  rather  to  be  distributed  through  the  cloud  in  gnccessive  strata:  accordingly, 
when  an  electroscope  is  placed  in  the  midst  of  a  fog  or  clond  driven  ou  wTinls  by  the 
wind,  the  divergence  of  the  leaves  continually  varies  as  atruta  of  diffenot  intensity 
pass  over  it.  An  deetrosoope  exposed  to  the  influence  of  the  electrified  douds  during 
a  thundewtorm,  shows  that  every  stroke  of  lightning,  whether  taking  place  between 
two  olonds,  or  between  a  doud  and  the  earth,  is  precetled  by  a  multitude  of  small  dia> 
cbaiipes  in  th«  interior  of  the  douda  themselves.  The  leaves  diverge  suddt'nly  and  by 
fits  during  an  interval  when  all  appears  quiet;  then  a  clap  of  thunder  is  beard;  the 
lettifM  tmmedintely  ooUapse,  and  remain  quiet  for  a  time,  but  soon  recommence  their 
dwwgBDce,  until  another  discharge  takes  place  between  the  douds,  and  so  on. 

Lightning  a.ssumPH  three  different  forms :  the  riff-eag  or  forked  lightning,  the  fia$k 
atthft  Uifhtntng,  and  the  globe.  The  first  is  like  an  ordinnry  dectric 'spark,  ita  zig-xag 
form  being  due  fo  the  cause  mentioned  at  page  388 — vir.  chat  it  seeks  out  the  path  of 
loaat  resistance,  striking  from  one  rollection  of  watery  paitides  in  the  air  to  another; 
eometimes  in  the  midst  of  ita  course  it  dirides  into  two  or  even  into  three  branchea, 
Wheatstone  has  Bhowu  that  the  duration  of  a  stroke  of  forked  lightning,  like  that  of 
the  eommon  electric  spark,  is  less  than  the  millionth  part  of  a  second. 

Sheet-lightning  ismachmore  common  than  forked  lightning.  It  has  neit^jer  the 
whiteness  nor  the  intense  brilliancy  of  the  latter,  but  is  generully  of  a  blue  or  violet 
colour,  eometimes  deep  red;  sometimes  it  seems  to  illuminate  only  the  edgca  of  a  doud, 
at  other  times  it  embracea  the  entire  tturface  of  the  clouds,  and  seems  to  lasue  from  the 
midst  of  tbera,  lighting  up  the  whole  atmosphere.  If  prtibably  arises  from  a  multitude 
of  minute  (liseharges  taking  place  simulianeously  between  the  parttdea  of  a  doud,  or 
between  two  clouds  in  the  manner  alrcjidy  mentioned. 

Tha  third  kind,  or  globe-lightning,  differs  from  the  other  two  in  duration,  as  well  as 
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in  power,  'being  sometimea  Tisible  for  one,  two,  or  erven  ten  seconds,  passing  from  fht 
«1ondfi  to  itlie  earth  at  a  rute  whidi  the  eye  can  easily  follow,  Ita  form  is  nearly  •pberieal; 
in  fact,  it  constitutes  a  true  ball  of  flni,  which  aometimea  apltta  np  into  leTCTikl  (Mm 
iw  it  fallB,  rebounding  Bercml  limes  from  the  earth,  Bometimea  exploding  with  «  lepart 
like  the  discharge  of  seTerai  pieces  of  ordniince,  and  Bcatt«ring  streams  of  fosked 
lightning  in  all  directions.  It  ia  less  common  than  the  two  former  kinds,  but  appeaa 
to  b«  the  form  which  lightning  generally  assumei  when  it  penetrates  into  the  iat«iiar 
of  a  building. 

It  is  dear  that  thia  form  of  lightning  is  of  rery  different  nature  from  forkad  and 
sheet  lightning ;  in  fact,  it  cannat  be  a  mere  electric  spark,  bat  probably  ooosista  of  a 
pf>rtioD  of  moist  air  or  raponr  condensL*d  and  stroDgly  electrified :  in  fact,  a  small  dood 
charged  bo  intensely  aa  to  become  luminous.  Be  la  Rive  suggests  that  it  may  eontato 
8  miiture  of  air  and  hydrogen  gas,  resulting  from  the  decomposition  of  aqueous  rapotts 
by  previous  electric  diHchargeii,  and  that  when  it  comes  into  the  line  of  a  strofcs  of 
lightning,  or  when  its  own  electric  charge  becomes  high  enough  to  produce  a  sparfc,  it 
exjilodes.  The  eipknation  is  not  very  probable:  for  the  electric  diacharg«»  in  the  air, 
even  if  they  did  reaolre  the  aqueous  vapour  into  oxygen  and  hydrogen,  would  aaut  tha 
gases  instantly  to  recombine. 

Thunder  IS  the  noise  resulting  from  the  violent  concussion  of  the  ab  att«Dding 
the  electric  discharge.  Tlie  reTerberution  or  roll  arises  from  the  manner  in  which  the 
diBohaiige  takes  place,  which,  as  already  observed,  is  not  instantaneous,  but  conxisti  of  a 
great  number  of  comparatively  small  dischai^es,  eometimea  accompanied  by  A  great 
one  ;  but  even  an  instiuitaneouii  lightning-stoke  will  not  generally  pnxlace  •  men  in- 
stantaneous report,  because  the  different  parts  of  the  line,  even  when  it  is  veitical,  and 
BtlU  more  when  it  is  horisMintal.  ore  situated  at  different  distances  from  the  obMrrer. 
The  refiectioa  of  the  sound- wares  from  the  clouds  doubtlesa  also  adds  to  the  effect; 
among  mountains,  the  rcrerberatioa  is  very  much  increased  by  the  eehoea  thus 
produced. 

Source  of  Atmospheric  EUctrieity. — ^Volta  and  Sauasnre  attributed  the  electricity  of 
the  atmosphere  to  the  evaporation  of  water  firom  the  surface  of  the  earth.     Pou" 
took  a  aimilar  view,  excepting  that  he  regarded  the  electric  charge  aa  arising,  not  I 
the  mere  evaporation  of  the  water,  but  from  the  decomposition  of  a  saline  aolution- 
■ea-water,  the  water  escaping  in  vapour  and  the  salt  remainiug  behind.   We  haT«  i 

however  (p.  429),  that  it  is  only  when  the  evaporation  is  very  rapid,  that  any  sioi 

electricity  can  be  thus  obtained,  as,  when  it  takes  phice  slowly,  the  separated  eJectndtici 
have  time  to  recombine  before  the  water  escapes. 

It  seems  necesstuy,  therefore,  to  look  to  some  more  general  cause  for  the  derdopment 
of  atmospheric  electricity.  The  action  of  the  sun  upon  the  atmosphere,  and  the  ooo- 
seqoent  unequal  distribution  of  temperature  thereiu,  has  been  tnggested  asacaUM; 
but  we  hare  no  proof  that  gases  and  Tapoors  exhibit  the  slightest  troice  of  thermo- 
•lectridty. 

Dti  la  Eive  ascribes  the  electric  chai^ge  of  the  atmosphere  to  chemical  action  tafa'ag 
pliice  on  the  inner  aarface  of  the  solid  crust  of  the  earth,  where  it  is  in  contact  wiu 
tlie  internal  incandescent  mass;  this  action  proceeding  partly  trom  local  caosea,  but 
ehieily  from  the  infilitration  of  sea-water,  in  consequence  of  which  the  water  acquiieaa 
pofiitiVe,  the  solid  part  of  the  earth  a  negative  charge  (p.  414).  The  whole  mass  of 
sea-water  thus  becoming  poeitiTe,  the  vapours  which  rise  from  it  are  also  pontiTe,  and 
communicate  a  positive  charge  to  the  atmosphere.  This  evaporation  takes  |Jaee  attt 
the  whole  surface  of  the  ocean,  bnt  most  abundantly  in  the  tropical  regions;  and  the 
positively-charged  rapours  rising  at  first  in  these  regions  more  or  1ms  verticaliy.  u« 
afterwords  carried  away  towards  the  poles  by  the  tropical  current  (the  retom  trade- 
wind)  in  the  higher  regions  of  the  atmosphere.  Thia  current,  travelling  at  first  hori- 
xontally,  bends  down  more  and  more  to  the  earth  as  it  approaches  the  poles,  aod 
becomes  cooler;  and  in  the  polar  regions  themselves  it  comes  neariy  down  to  theDcga* 
tively-charged  surface  of  the  earth,  whence  results  a  discharge  of  eleetriei^,  eoo- 
stitnting  the  aurora  boreaUs  or  austraiis. 

The  greater  amount  of  evaporation  taking  place  in  the  hemisphere  in  which  the  sun  ii 
situated,  acoouuts  for  the  greater  prevalence  of  storms  during  summer;  in  winter,  on 
the  other  hand,  the  poBitively-charged  vapours  descend  nearer  to  the  ground ;  he&ee 
the  greutor  intensity  of  the  permanent  charge  of  the  atmosphere  during  the  winter 
months. 

The  solid  crust  of  the  earth  being  negative,  the  vapours  rising  from  it  and  fran 

Sosds  and  rivers  on  its  surface  must  nhso  be  nogatire.  This  is  another  cause  of  tha 
iminutioD  of  the  permanent  positive  charge  of  the  atmosphere  in  summer,  aod  hk^ 
wise  accounts  for  the  formation  of  negative  clouds.  As  these  negative  clouds  pUjr  * 
considerable  part  in  the  production  of  thnnderatorms,  the  occurrence  of  a  great*r  nnnb'r 
of  storms  during  the  summi'r  season  in  temperate  climates  is  easily  accounted  for ;  in  tbs 
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troric&l  wgiona,  when  era^MnitioD  from  the  muface  of  the  ground  is  more  Abundant, 
ana  goe»  oa  st  much  the  eume  nit«  all  the  year  tliroogh,  stoniu  are  of  coastajat  ocenr- 
reoee.  Otct  lai^  expanses  of  water,  such  as  the  great  oceana,  at  a  long  distance  from 
Lud,  thuodentorms  rarely  occur,  because  do  Degattrely-charged  vapouxB  are  poored 
into  the  atmosphere. 

That  the  water  of  the  oceaa  and  the  solid  cnut  of  the  earth  are  sctoally  in  opposite 
electrical  gtates  has  been  proved  by  the  observatiotis  of  Peltier  (Ann.  Ch.  Phys.  [3] 
IT.  385),  and  ofBecqneret  (CompL  rend.  xlii.  661) ;  this  of^Kksition  of  electric  itfttea 
likewise  accounts  for  the  fact  that  the  air  is  poeitive  in  immediate  contact  with  the 
mrface  of  the  sea,  whereas  over  planes  far  fi?om  the  sea,  the  positire  charge  shows 
itself  above  a  certain  height  only. 

The  development  of  electricity  by  the  chemical  Mtion  of  sea-wat^r  on  the  fused 
mntl*^r  Mow  the  nolid  cnwt  of  the  earth  appean  also  to  be  the  origin  of  the  intense 
si^s  of  electric  action  which  tisauUy  accompany  volcanic  eraptioniK.  In  the  eruption 
of  Vesuvioa  in  i7W,  clouds  were  emitted  which  gave  out  flasbea  of  lightning,  accom- 
pamod  \y  load  peals  of  thuaJer,  and  many  hooaee  were  Btruck  by  the  lightning.  The 
obacrratiOBS  of^Palmieri  (Arch,  des  ac.  Phys.  xxxvi.  102)  huve  fihovt-n.  that  the 
Tapgurs  emitt«>d  from  the  crater  of  Vesuvius  arc  eliargcd  with  [>o6itive  electricity. 

X&&CTKO]k£S.  The  torminals,  metallic  or  otherwise,  which  convey  an  electric 
current  into  a  liqaid  (p.  4;i2). 

XXacTmO-OTXJft^acs.  The  science  which  treats  of  the  mutual  action  of 
electric  currents,  and  of  electric  currents  and  magnets  (pp.  442,  446). 

BXiaCTBOXiTSEft.    Decomposition  by  electricity  (pp.  397,  432). 

BZ^CTSOXiTTB.  A  compound  liquid  decompoeible  by  electricity  (pp.  397,  432). 

SXACTKd^KAOVXTXSM.  The  branch  of  electro-dynam  ics  which  treats  of  the 
mutual  action  of  the  magiiul  and  tlie  electric  CDrrent. 

BXiSCntOMZTZS.     An  instrument  for  measuring  the  strength  or  degree  of  the 

dectrio  ohat^e  of  a  bodj-  (p.  33u), 

S&aCTKO-MOTXVB  fORCA  This  term,  originally  employed  by  Yott*  to 
signify  the  force  which,  aa  he  t-uppowd,  guve  rise  to  the  separation  of  the  two  electrici- 
ties at  the  tioict  of  contact  of  two  diauimilar  metals,  is  now  applied  to  any  source  of 
electric  excitement  whatever,  but  is  used  for  the  moat  part  in  i^eaking  of  arrange- 
ments which  generate  a  continuom  eurrent  of  electricity. 

X&acrmOKOTOS.  Any  arrangement  by  which  a  carrent  of  electricity  is 
genemted. 

BSUacrmo-VSOATTVB  snd  i:X.BCXXO->POBrrXVlI.  Termi  used  to 
denote  the  relative  |^R)ijilioii  of  bodieii  in  the  electric  series  (p.  432). 

Mlt^CTMO-wnT:tt(^atnLBTm,  ah  off »  of  Ammonium.  Many  metallic  salts^sa 
those  of  gold,  silver,  cadmium,  &c  —  when  electrolysed  in  presence  of  aTamoniaral 
•alta,  yield  at  the  negative  electrode,  metallic  deposits  containing  nitrogen,  wbicli  hare 
not  been  accurately  investigated,  bat  are  ouppoeed  by  Grove  (PhiL  Mag.  [4]  xix. 
19)  to  be  ammontumHCompounda. 

XXiSCTmOPBOmvrA.     Soe  page  385. 

BXiBCTBO-FIh&Tnro.  The  coating  of  metals  with  silver  by  electrolysia  (See 
Vre't  Dictionary  of  Arts,  Manufactures^  and  Mina^  art  EuKTBO-KBTauusoY, 
ii.  9A.) 

BXiBCTBOaCOFB.  An  instrament  for  detecting  the  existence  of  an  electne 
charg*',  and  indicating  its  nature,  whether  positive  or  negative  (pp.  380,  424), 

SliBCTKOTTPB.  The  deposition  of  metuls  in  the  compact  state  by  eleetrolysis, 
■o  as  to  form  casta  or  models.  (See  Ure's  Dictionary  af  Arts,  Mani^acturet,  and 
Mrnf«,  art,  Ivlxctro-icstaixubot.) 

XXJBCTBUML  A  term  applied  to  those  natiTe  alloys  of  gold  and  silrer,  which 
contain  sufficient  silver  to  make  their  colour  perceptibly  lighter  and  their  specific 
gmrity  considerably  lem  than  that  of  pure  gold.  Hausmann  {Handh^  d.  Miner,  ii. 
26)  applied  it  to  snch  an  contain  from  20  to  61)  per  cent,  silver.  According  to 
C,  BanimelMberg,  alloys  wntaiiting  not  more  than  '20  per  cent,  silver  ore  compk"t«ly 
decomposed  by  nitn>-muriatic  acid  whereiis  tbowe  which  are  richer  in  silver,  do  not 
readily  yield  up  their  gold  to  that  reagent.  Before  the  blowpipe,  gold  coiituiuing 
stiver  yields  an  opeloAcent  glass  with  phosphorus-salt;  a  larger  proportion  of  silver 
renden  the  glass  yellow  and  opaque. 
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482  ELEMENTARY  ANALYSTS— ELEMI. 

SX.BMEWTAa'r  JUTAXiTaxii.    Sfl«  AxALTsn,  Odoakic  (i.  226). 

SliZnCBirTS.  Elr.mentartf  Bixiif^.  Simpte  Suhainnea.  Grundstoffit,  Vntofi. 
By  these  tTms  w«  andi^ntAad  ouhstAnces  which  cannot  b«,  or  rather  which  hjire  not 
Iiitherto  been,  resolTed  into  more  Bimple  fonns  of  matter.  To  the  list  of  (^lemt^Uiy 
Lcxlies  giren  to  the  article  Atohic  Wkiohth  (i.  ^&h,  flrat  edition),  we  must  now  »M 
four,  riz.  Caetjiam  and  Eubidium,  diocoyf^red  by  Bunsen,  Thallinm,  br  Crmkeit, 
and  Indium, by  Keich  and  Richter.  The  number  of  elementa  at  present  kornrn  with 
certainty  is  63;  two  others,  Dianium  (p.  318)  and  Norium,  may  be  ineotiooed  Mof 
nncert^JQ  existonco.  Tbe  list  will  doubt t is;)  be  iucnsAsed  by  future  reoearches,  eapeetallj 
by  tbe  new  method  of  spectrum  analysis,  which  has  already  led  to  the  dieoorery  dl 
tbo  four  elementi*  aWtre  meutioned,  cttsium,  rubidium,  thAlHum,  and  indium.  But  it 
IB  scarcely  probable  ttiat  any  element  existing  in  considerable  quantity  in  the  earth's 
crunt  yt^t  remaine  to  bo  didouTored.  The  clumeuts  which  constitute  the  great  oaoKif 
the  earl  h's  oruatare,  indeed,  comparatively  few,  vis.  aluminium,  calcium,  carhon,  eUorme, 
hydrogen^  magneitiuin,  ortfgfn,  potamum,  mlicium,  aodium,  mlphur.  The  la»t  of  tbcM 
hu«  been  known  from  the  remotest  times,  and  the  rest  were  discovered  in  the  early 
days  of  modem  chemi«try-  The  more  abundant  metals,  iron,  copper,  leiid,  which 
occur  chiefly  in  vein*  in  the  oldtr  rocJw,  huv©  likewise  been  known  from  retnn** 
antiquity.  Most  of  the  otlirr  elempnla,  the  disojrory  of  which  is  of  ccrTnp«nitiTely 
recent  date,  occur  but  sparini^Jy,  and  many  of  them  only  in  extremely  small  quantity, 
e.g.  ikcrmm,  tantalum,  tflfuriuin,  nith/ftiium,  ctesium,  and  rubidium. 

The  elements  are  usually  divided  into  twochisses,  Metals  and  Metalloids,  which, 
however,  like  most  divisions  of  natural  objL'Cis,  blend  into  each  other  by  inaensibl* 
degrees.  The  moiala  for  the  most  part  form  baaic  oxides :  the  Dietalloids,  acid  or 
iodjlferent  oxides.  The  compounds  of  metftls  with  each  other  possess  the  meCallie 
lustre  i  those  of  metalloida  with  one  another,  or  with  the  metals,  do  not  for  tbe  most 
part  exhibit  thai  tosire. 

The  elements  may  be  divided  into  groups  or  families  resembling  one  another  mow 
or  less  in  their  chtimieal  characters  and  cryetAllinc  forms  (see  Isoxorphiax ).  Tbe 
memht'rs  of  the  &ame  (j^roup  generally  occur  together  in  nature  ;  and  miner&ls  eontaiD- 
inff  one  of  them,  as  prbotpat  constituent,  usually  contain  also  smnlj  quantities  of  the 
other  elements  of  the  same  group.     Examples  of  these  groups  are: — 

Chlorine      Potaaslum  Ox}-gen  Barium  Magnesium      Cerium 

Bromine      Sodium  Sulphur  Btronttum        Zinc  LAnthaoom 

Iodine  Lithium  Selenium         Calcium  Cadmium         Ihdymium 

Ftuorine      Cesium  Tellurium 
Bubidium 

Silicinm  Platinum  Iron  Nitrogen  Chromium 

Titanium         Pivlhulium  Cobalt  Phosphorus     Molybdenain 

Iridium  Nickel  Arsenic  Tun^ten 

Shodium  Manganese  Antimony 

Ruthenium  Vaniidium 

Osmitun  Bismuth 

Many  of  tbe  elements  which  resemble  one  another  closely  in  their  chemical  rclatifios, 
have  also  nearly  equal  atomic  weights,  f.^.  iron,  manganese,  cobalt  and  iiick'l ;  ccrtim 
and  lanthanum ;  platinum  and  iridium  ;  rhodium  and  mthfnium.  On  the  othrrfaaiid, 
instances  of  this  equality  of  atomic  weights  exist  between  elements  which  exhibit  do 
■och  resemblance  of  properties,  e.ff.  molybdenum  and  cerium ;  osmium  and  mercuiy. 

The  membars.  of  some  of  the  preceding  groups  exhibit  nearly  equal  difiiBrcneii 
in  their  atomic  weights.  Thus  a  differenc**  of  48  is  exhibited  by  the  atomic  vnif^Ostf 
calcium  40,  strontium  88,  and  bartum  1 36  ;  also  by  those  of  sulphur  32,  BelaniiOD 
80,  and  tellurium  128;  of  16,  by  lithium  7,  sodium  23,  and  potassium  89.  Tiie 
atomic  weiphta  of  other  groups  eihibir  nearly  equal  differences,  e.ff.  chlorine  ib'i, 
bromine  BD'i,  and  iodine  1270 ;  also  phoKphoru^  31,  arsenic  75,  and  antimooT  ISO. 

Other  relations  between  the  atumic  weiglita  of  elements  have  been  pointed  outl^ 
Kremers  (Fogg.  Ann.  Ixixv.  S(l);  Low  (tiill.  .'\m.  J.  [2]  xvii.  387);  Len85en(AML 
Ch.  Ph&rm.  ciii.  121);  Gladstone  (Phil.  Mag.  [4J  v.  313);  and  Dumas  (Ana.  C^ 
Pharia.  cv.  7*  I  eviii.  324). 

MliMfiCX.  A  resin  of  which  seveml  kinds  occur  in  commerce.  Ozdinaiy  or  Wnt 
Indian  olemi,  Elemi  occidentals,  is  said  to  be  the  produce  of  Idea  icietiiht,  DtB, 
(Amarys  tlemifcra,  L.) ;  East  Indian  elrmi,  El^rtii  orientale,  which  is  mat«  iitwilsri 
but  rarely  met  with,  is  said  to  be  obtained  from  Amarys  oeylonica  or  BaUamtademif*» 
cn/lonicum,  Kunth.  According  to  Landerer,  an  A&ican  elemi,  EUrtti  ^gj/ptite»»t ». 
a'thiftpicum,  is  tiometimes  sold  at  Smyrna  and  Constaatinople :  it  is  said  to  be  impozlsd 
from  Nubia  and  Egypt,  and  ia  perhaps  the  produce  of  ESaagnng  kortenttB. 
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OooKDon  olemi  formi  more  or  lew  tnnnlueent  mwiBei^  luving  a  fkttv  loitra  sod 
fdlowiih  or  bvovnuh.jeUow  colour ;  it  u  aoft  when  fimh,  bnt  gntduftUy  bajrdeon  It 
Mam  in  Um  dark  when  nibb(>d  or  wMnaed.  It  u  chiefly  ubmI  as  an  ingredifrot  of 
ramAm,  ««peaall7  of  spirit  and  turpentiDa  Taraiahea,  which  it  preveots  from  cracking 
MtlMjdiy. 

Elawi  rcain  ia  a  mixture  of  an  amorphooa  add  raain  eaailj  aoloble  in  cold  ulcohol. 
•ad  a  OTatalliaabie  indifferest  naa,  aoluble  in  cold,  and  sparingly  aoloble  in  boiling 
alcohol,  together  with  variable  qoantities  of  a  volatile  oil,  and  foreign  matters,  including 
ash  (2  or  3  per  cent.^ 

The  roaio  soluble  in  void  alcoliol  oontaiaa,  according  to  Johnston  (Ann.  Cb.  Fharm. 
xKt.  S88),  78*7  per  cent,  carbon  and  10a  hydrogen,  agreeing  nearly  with  the  formula 
C^^O*,  or  C"H"0' ;  this  sulwtance  forma  about  |  of  the  entire  rwun. 

Wlien  the  remaining  portion  of  the  remn  lb  boiled  with  alcohol,  and  the  solutiou 
left  toavaporate,  acon»i<lerable  quiintity  of  a  crystalline  reiin  is  deposited,  which  maj 
b«  purified  by  repeat«l  crystallisation  from  alctihoL  It  forms  a  white  couiiisedly 
eryvtaUiaed  mam,  [lerfecUy  soluble  ia  itrong  hoiiing  alcohol,  and  forming  a  solution 
aeatnl  to  litmus  pap»r. 

Aooording  to  analyfeii  by  H.  Hose  (Ann.  Ch.  Pharm.  sxxn.  S3;  zl.  307),  and 
JoknatoB  {loc.  cit.),  this  crystalline  reein  appears  to  have  tlie  composition  Q^IP^O', 
those  of  flesa  (Ann.  Ch.  Phurra.  xxLl  139)  agree  rather  with  the  formula  CH^Cfat 
C*H"0,  which  ia  more  probable. 

Hi»«.  Rom.  Jobntion. 
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The  analyses  atrree  nearly  with  that  of  the  constituent  of  anime  resin,  examined 
by  Laurent,  and  with  that  of  arbol*a-brea  resin,  analysed  by  D  a m as.  (Baap's  am^iN, 
L  364.) 

The  alcobolie  aolution  of  elemi  resin  is  not  clouded  by  alcoholic  potash,  but  is  pre> 
eipitated  by  aqueooa  potai^h.  Ammonia  added  to  the  alcoholic  solution  converts  it 
into  a  gelatinous  mass.  The  alcoholic  solution  is  not  precipitated  by  alcoholic  acotata 
of  lead  or  nitrate  of  silver,  evon  the  addition  of  a  drop  of  ammonia  eunsing  no  preeipi* 
tate,  Irne  only  a  slight  turbidity. 

Cijltallised  elemi  resin  is  decomposed  and  charred  by  dry  distillation,  yielding  fint 
•  vijod,  brown,  acid  oil,  having  an  agreeable  odour,  ailerwards  a  black,  disagreeably 
iwlKng  tar. 

Oit  of  Elemi, — Bemm,  Elemi  resin  dietilled  with  water  yields  a  transparent 
eoloorleaa  oil,  having  the  eonporition  of  a  campbene,  C^n^*.  It  has  an  agn«eable 
odour  like  that  of  the  resin,  and  a  faint  taste.  Specific  gravity  —  0-8£2  at  24''  C. 
(Stanhouse),  0-849  at  11°  C.  (DevilleX  Boiling  point  166°  0.  (Stenhousei 
174°  C.  (Deville).  Vapour-density  -=  40.  Index  of  refraction  =  1-47  ut  14'=  C. 
(  D  •  V  i  1 1  e).     Optical  rotatory  power,  90°  30*, 

Oil  of  elomi  in  insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether.  With 
kvdrorhtnric  actd,  it  forms  two  isomeric  oomponnda,  C*H".HC1,  one  solid,  the  other 
bquid  ;  the  solid  compound  is  optically  inactive.  With  iodine,  mtrie  acid,  and  srtU 
pMurie  Ofid,  oil  of  elemi  behaves  like  oil  of  turpentine  ;  it  is  also  similarly  affected  hj 
%tet.  The  proportion  of  vohitile  oil  in  the  rettm  probably  varies  according  to  ita  age. 
Bonaatra  found  12*5  percent.,  dtenhouse  only  3'd  per  cent,  oil;  good  elenu  r«?ein  con> 
taina,  according  to  DeTille^  more  than  13  per  cent,  oil.  (Stenhonae^  Anii.  Ch.  Phano. 
axrv.  304  ;  Devi  lie,  ihid,  Ixxi.  362.) 

S&xasnr.    Syn.  with  On.  or  Elkmi. 

xX.£»aAVT'S  FAT,  according  to  Filhot  and  Joly  (Compt.  rend.  xixv.  393), 
is  whiff,  8.jft,  inoil<.rr>us,  melts  at  'IH'  C,  contains  79  pta.  liquid,  and  21  pis.  solid  fat 
(»tearin  and  {kalmitia) :  the  liquid  fat  is  eauily  soluble  in  alcohol,  doag  not  dry  up  oa 
exposure  to  the  air,  and  is  Dot  eolidiHed  by  hyponilric  acid. 

HbXVSJkVT'S  VRnrs,  according  to  Brandes  (Arch.  Fharm.  xviii.  64),  con> 
t«ina  hipporie  acid  and  urea,  togethcT  with  alkaline  and  earthy  phosphates  uiid  car- 
bonatei.     Purree  or  Indian  yellow  is  said  to  be  formed  from  elephant's  urino. 

B&BVTAJtXTB.  A  name  sometimes  applied  to  the  aUophaae  of  friesdorf,  neuf 
Bona. 

ZUUtQ1TA.TXOar.  Ad  operation  by  which  a  more  fb^tble  substance  is  separated 
from  another  which  is  leas  fasible,.  numdy,  by  the  application  of  a  degree  of  heal 
■offieieot  to  melt  tlie  former,  but  not  the  latter.    (Sea  Coppek,  p.  32.) 
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BXiULftlTB.  A  miBWal  cousiBting  of  hydrated  umnic  oxidp,  mi^ed  with  scthJ 
lonigQ  substances,  but  forming,  according  to  W.  Haidingrpr.  8  diutinct  speae*.  It 
oecUTB  in  the  Elias  mine,  near  Joachimsthal,  in  Bohemia,  in  flittU*n<Ni  piece*  of  a  iak 
reddiahi-hrown  colour,  translucetit  on  the  edges,  and  with  a  wasy  lustre.  It  is  bhtUe, 
has  a  specific  gravity  -  4129.  and  han1np*M!-3'5.  According  to  Ragaky'*  asilyaia 
{Kennpotfi  VtbtraicM,  1862,  p.  81),  it  containa  61-38  per  cenu  U«0»,  10-68  11*0,  1  IT 
Al»0»;6-6a  Fa'O',  M>9  FbO,  3  09  CaO.  220  MgO,  4-62  PbO,  6-13  SiO*.  2*52  CO*. 
0'84  PO>,  and  a.  trace  of  ani«nic.  Tlie  iiarbooiv  add  is  peiiiapfl  combined  with  the 
lime  and  magnesia,  making  up  67  per  cent. 


mSOtAMO  ACZD»      Br£<Htrdic  <iW</.— C"H*0' 


,(C"H*o-r|o,. 


In  theeiy^ 

talli9«d  state,  C««H*0'.2H'0.  (Cherreul  [iSlfiL  Ann.  Ch.Pbya.  [2]  ix.  629.    Bra- 
con  not,  ibid.  187.     P«lou«e.  ibid.  liv.  367.     Taylor,  Phil.   Mag.  [3]  xxiT.  354. 
Lipowita,  Simon's  Bntrdge  rur.  phytinl.  u.  pathol.  Chemie.  L  464.      Wohlar 
Morklein,  Ann.  Ch.  Pharm.  Iv.  129.) 

Ellajjric  acid  eiiula  as  s  conatitaent  of  certain  animal  concretions ;  it  is  sbo 
duct  of  the  decompoeition  of  gallic  add,     According  to  Chevrattl,  when  a  solni 
c&U-natfl  is  exposed  to  the  air,  a  grpr  powder  in  dr>posit«d.     Tltis  is  exhaasted  by 
ing  water,  which  extracts  gallic  acid ;  the  re4sidae  is  treated  with  potash,   and  tbi 
«Uagic  acid  thereby  diBSolved,  ia  precipitated  by  a  mineral  acid. 

The  acid  is  contained  in  largest  quantities  in  certain  animal  eoneretions  eaOed 
oriental  besous.     They  are  found  of  different  sizes,  from  that  of  a  bean  to  that  of  u 

To  obtain  the  acid,  the  bezoars  are  dissolTod  in  stronff  eanstie  potash,  eazv  hecoi 
taken  not  to  beat  the  mixture,  and  to  prevent  access  of  ai?  as  aacn  as  possible.  A« 
mno.  aa  the  whole  ia  diiwolved,  a  current  of  carbonic  acid  is  passed  throngh  the  clew 
liquid.  In  this  way.ellagnt^  of  potajusium  is  precipitated  as  a  whitish  powder.  It  ii 
filtered,  woahed,  and  presided,  r&erystalliaed  from  boiling  water,  and  the  acid  is  sepa- 
rated by  throwing  the  solution  into  concentrated  hydrochloric  acid. 

Pure  ellagic  acid  ia  a  light,  pale  yellow,  tasteless  powder,  seen  nnder  the  miertHeope 
to  consist  of  transparent  prisma.  At  an  elevated  temperuture,  tt  decompoess  without 
melting,  and  the  carbonised  mans  is  covered  with  crystals.  It  is  insoluble  ia  wnter, 
but  dissokcfl  in  alechd  to  a  pole  yellow  Mquid,  having  a  slight  add  reaction.  It  giw 
off  2  at  of  water,  at  1 00'' a 

Sulphuric  acid  dissolve-s  ella<!:ic  acid  withotit  alteration ;  water  precipitate*  it  a* 
changed.  Niirie  acid  converta  it  into  oxalic  acid.  Jodie  acid  converta  it  into  a  p«eo- 
liar  aeid,  with  rapid  evolation  of  carbonic  acid,  and  sepnration  of  iodine.  A  neutral 
aqueous  solution  of /i^rric  chloride  ia  coloured  by  ellagic  acid,  greenish  at  first,  bsl 
ultimately  becomes  bloish-block  and  opaque,  liiu  ink,  the  solution  then  containiag 
ferroBO-ferric  salts. 

The  ellagates  are  little  kuoirn  ;  many  of  them  appear  to  be  basic  salts. 

Fatasnum-ialL  C'*H*K'0*.  A  light  powder,  consisting  of  naicroscopic  prisBi 
Another  salt  is  obtained  as  grey  powder,  consisting  of  microscopic  crystals^  by  diMtts| 
ellagate  of  potassium  in  alcoholic  potash.  It  appears  to  be  a  basic  salt  G'*H*KK)'. 
KHO. 

A  solution  of  ellagic  add  in  moderately  strong  potash  exposed  to  the  air,  gradoaOy 
changes  colour,  and  deposits  dull-black  crystals.     Wohler  and  Merklein  call  this  1 
fflnuc<>t/u-lanaie  of  potagsiuiA.     When  it  is  boiled  with  water,  ellagate  of  potj 
reproduced    The  composition  of  the  salt  ia  reprrsputed  to  be  C"H*K-0'.  wnieh  i 
improbable,  from  the  fact  of  the  regeneration  of  ellagic  acid  by  water.  Besides  i 
mslanate^  the  solution  contains  carbonate,  oxalate,  and  another  soluble  ] 
salt  

EMagate  of  Sodium,  C'*H*Na»0»,  is  a  pale  yellow  ciyBtaUine  powder,  leas  soluble  Ou 
the  potassium  oalt. 

Barium-talt.     ^C'H'Bft'OVBani'O*.     Insoluble  Jemon-yellnw  eompuund. 
Lead-tatt.     C'*H*Pb"0*  +  Pb"0.     Amorphous  yellow  precipitate,  which  by  dryia| 
becomes  olive  green,  B.  A. 

BLxmUATZOV.    Th^  separation  of  the  lighter  from  the  heavier  partidsi  of  s 

palveruknt  mixtare  by  washing. 

BMBO^ITB.  A  chloro-bromide  of  silver,  Ag*Br*Cl',  found  abundantly  is  CIiil«; 
also  at  EulsiUft  in  Chihuahua,  Mexico,  and  at  Coluta,  Honduras.  It  occnn  oyatai- 
lised  in  cubes  and  enbo-octahedrons ;  ahjo  masaive.  Specific  gravity  6')1— {"^J 
(Domeyko),  6'63  (Yorke).  ft-81  (Breithoupt).  Hardness  =>  1—1-6.  It  il  ] 
fectly  malleable ;  has  a  resinous  and  somewhat  adamantine  lustre,  and  varies  m  4 
from  Bgpamgus- green  to  pistachio,  olive,  and  greyish -green.  Plattner  i 
Ixxvii.  134)  found  ia  it  66*86  per  cent  ailrer,  20  09  bromine^  and  13*06 
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formola  rniuiring  670  A%  19-8  Br.  »nd  13-2  CI.  Donipyko  {ElemeiUo*  de  Mift^ 
r^o^  1845,  p.  203)  fonnd  filil  and  628  p«r  cpot.  AgCl;  490  aad  47*2  AgBi: 
Yorke  (Chem.  Sor.  Qa.  J.  iv.  2)  found  £3-2  AgCl  »nd  468  A«Br. 

BBKBXtSTSZTB.  Brrftbaupt's  name  for  a  sulpliaiitimoaite  of  lead  fW>m  K^rt- 
•chinsk,  of"  «>pei'ific  grarity  6'3,  containing  63-J  per  cent  lead,  08  copper,  0"04 
•ilTLT ;  probttbly  identjcaJ  irith  Boulangerite. 

F.MKBft'*f1>i  The  bright  green  tmnsparent  Turiety  of  beryl  (L  681).  much  prised 
as  a  g\'m.  Tb«  colour  ia  uanally  attributed  to  oxide  of  chromium,  of  which  Vaoqnelin 
found  3-oO,  and  Klaprotb  6-30  p*>r  cent  in  emeralds  from  Santa  Fe  de  BogotJi. 
Lewy,  howerer  (Ann.  Ch.  Phys.  [3]  liii.  8).  found  that  an  emerald  from  the  aamo 
locality  contained  only  a  trace  of  chromic  oxide,  and  waa  rendered  quite  colourlesa  by 
ignition.  Hence  he  attribntea  Ihe  green  colour  to  organic  matter,  which,  according  to 
his  analysis,  exists  in  the  mineral  to  the  amount  of  0'12  per  cent.,  going  off  at  a  red 
heat,  together  with  1'66  per  cent  water.  Accordine;  to  Hofmeister,  on  the  other 
hand  (J.  pr.  Chem.  Ixxvi.  1),  emeralda  (fiwm  the  Piazgaii}  retain  their  colour  after 
ignition.  The  analyse  of  the  (ignited)  emeriiid  by  Lewy  and  Hofraeiat«r  are  M 
follows:  — 
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I 
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8iO« 

A1*0« 

GIO 

Cr^»    Fe»0« 

CaO 

MgO 

Na»0 

67-86 

1795 

12-40 

trac«      •    . 

.     . 

0-90 

070  =  99-80. 

Lewy. 

M'2S 

16-36 

12-79 

.      .      1-63 

078 

0-83 

.     .  «  98  61. 

Hofineiater. 

L  789.) 


A  natiTe  bydrocarbooate  of  nickel    (See  CuuKiHATaBt 


or  Anitinf-green.    See  Dtuko  (p.  368), 

The  opaque  cryrtallo-grantilar  Tariety  of  corundum  (p.  86),   oaed  for 

grinding,  cutting,  and  poliahing  glass,   metals,   enamels,  and  other  liard  substanoea. 
(See  Ur«U  IMctiimary  ej  Art*,  Manu/actitrts,  and  Mines^  x.  121.) 

IT&ZTB.    Syn.  with  MjuiaAitnK. 

An  alkaloid  which  forms  the  B«tiTe  principle  of  ipecaeiuuiha  root 
It  WU8  discovered  in  1807  br  Petletier  and  Mage ndie  (Ann. Ch.  Fhy"-  [2]  iv.  172) 
and  further  examined  by  Buchner  (Rrpprt.  Pbarm.  viL  289),  and  by  Dumas  and 
Pelletier  (Ann.  Ch.  Phys,  [2]  xxiv.  180),  who  gire  the  following  proceos  for  ob- 
taining it :  — 

The  powder  of  ipecacuanha  is  digeslrd  in  water  with  calcined  magnesia;  the  d«» 
poait  is  thrown  ou  a  filter,  washed  ciirefully  with  r^^ry  cold  water,  and  dried  ;  and  the 
•n^tine  is  then  taken  up  by  alcohol.  It  may  be  afterwards  combined  vrith  an  acid, 
and  the  salt  may  be  purified  with  unimal  charcoaL  When  the  emetine  is  once  mor* 
thrown  down  by  magnesia,  alcxjhol  rwiiBsolves  it  in  a  coloorless  utate. 

Emetine  thus  obtained  ia  jellowiNh-white,  pulTerulent,  and  is  but  slightly  coloured 
by  rxpfwore  to  the  air.  It  ia  WwU  soluble  iri  cold  water,  and  somewhat  morrso  in  h<>t 
wntcr.  It  melt«  about  50^  C.  It  i»  rery  soluble  in  alcohol,  but  not  in  ether  or  in  oils.  Its 
eonstitnents are,  carbon  64-57  p.c,  nitrogen  4-30,  hydittgen  777, oxygen  23*36  (Damaa 
and  Pellet  ier).  Emetine  is  highly  alkaline,  though  adds  saturated  with  it  do  not 
afford  crystallisablo  cf^mpounda.  Gallic  acid  and  nut-galls  form  with  it  rezy  abun* 
daot  white  pnHsipitRtfH.     Basic  acetate  of  h>ad  has  no  e^ect  ou  it. 

Strong  nitric  acid  trunsforms  emetine  into  ayellow  resinous  substance,  and  oxalic  acid. 

Emetine  tnken  internally  ex<?it(>s  vomiting,  3  milligrammes  being  Erufileient  to  pro- 
duce this  effect 

The  iixahttf  and  tartrate  of  emetine  are  rery  soluble  in  water.  The  chloromereuruU 
and  ihhroplatinaU  are  Tery  sparingly  soluble.  The  gallotannatt  h  a  while  floocolsat 
precipit^ite,  soluble  in  alkalis;  it  is  ufither  emetic  nor  poisonous. 

nmoirXTa.    dyn.  of  SrKoimAinTB,    oc  native  CASfiOHATB.  or  Qfruotrrvm. 

(L  797), 

JUIOSZir.  C«*H'*0".— A  coDBtituent  of  rhubarb  root,  diicoTewd  by  Warren 
Be  la  Rue  and  Hugo  Miiller  (Chem,  Soc.  Qu.  J.  x.  304).  When  cmde  chrysopbanic 
acid,  obtained  as  described  at  p.  959,  toI.  i.,  by  treating  the  root  with  l)enj:«'ne,  \»  redis- 
•olred  in  hot  Ijenzenr,  fmodin  remains  behind,  in  the  form  of  a  reddish -yellow  substance, 
•n  additional  quantity  semniting  from  the  sobition  as  it  cools.  It  may  be  purified  by 
ctjKtallisation  from  hot  glacial  acetic  acid,  and  afterwards  from  boiling  alcohol 

Eraodin  thus  prepared  erystallises  in  long,  brittle,  concentrically-prriuiHHl  inonoclinic 
tin'sms  of  a  dwp  orange- red  coJour.  It  melts  above  250°  C,  a  «nall  portion  volati- 
lising at  the  ftame  tiiii»>  undecompoecd.  Chemically  it  resemblee  chrysophante  acid, 
bat  IS  much  mora  soluble  in  alcohol  glacial  acetic  acid,  and  amylic  alcohol,  le 
•oloble  in  benzene.     With  caustic  alkalis,  it  behaves  like  chrysopbanic  acid. 
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Emodio  giTea  by  cotnbtustion  66'G3  per  cent  carbon  snd  4"10  hydrogen, 
nearly  with  the  empmciii  formiila X'*»IP*0'\  or  C*•H»^}"  (66  85  C.  and  4- 18  H.).      ' 

EMP^^IiCTZTB.  Cu^BiS*  or  C<niBiS\ — A  mineral  from  Tannenbaam  in  tiu 
Ei-zdflirg,  oontttiniiiR  18-83  percent,  sulphur,  62-6  biamath,  and  18*72  copper;  fbraing 
nfeiile-sbaped  rhombio  ciyslals  of  light  gjey  to  tin-white  mlour  and  nn«l«llic  lustre. 
(Schnptd«>r,  Fogg.  Aon.  xc.  166. — Dauber,  ibicL  xcii  241. — Kenngott,  UebtrmAt 
1863,  p.  126.) 

mSTTimiaA.  The  peculiar  smpU  produced  by  dintJUing  Tcg<^table  or  aiaal 
cmbitaoces  in  closed  ressela,  or  by  bnratng  such  BubstaDcea  with  impetCeet  aeOMi  of 
air. 

BMniXSlC  ACX3>.  An  acid  said  to  be  forraod  by  boih'ng  emalain  with  alkalk^ 
ammoiiiii  being  given  off  at  the  wimp  time.     (Thomson  and  Richardson.) 

saruxazv.  Synaplatc  (Robiquet,  J.  Fharm.  xxir.  326. — Thomson  and 
EichanlHOB,  Ano.  Ck  Pbarm.  «dx.  180.— Ortloff,  Arch.  Pharm.  xlriii,  16,— Btjll, 
Aim.  Ch.  Pharm.  kix.  145.) — A  neutml  Bubfttance  contained  in  eweet  and  in  bitt«7 
almonds,  and  possessing  the  power  of  acting  as  a  ferment  on  the  amygdalin  oi  the  latter 
in  presence  of  water,  converting  it  into  hydride  of  benzoyl,  hydrocyanic  add,  and 
cooe  (i  292). 

To  obtain  emulain,  sweet  almond  paste,  well  fireed  from  fixed  oil,  ia  maceral 
three  times  its  weight  of  pure  wat«r.  the  maas  ta  pressed,  and  the  emulsion  thai 
tained  is  left  to  itself  at  20°  or  25<*  C.  After  the  lapse  of  a  day,  the  emalsion  is  &_ 
to  have  separated  into  two  layers,  the  upper  of  which  is  coagulated,  and  looks  Uk« 
cream,  whue  the  lower  is  watery  and  transparent.  After  two  or  three  days,  this  water/ 
liquid  no  longer  gives  a  precipitate  of  casein  with  acetic  add,  but  it  totwm  witfi  si- 
cohol  a  precipitate  perfectly  solable  in  water.  This  lost  precipitate  consists  of  enral- 
sin  ;  after  being  washed  with  absolute  alcohol  and  dried  m  vacuo  over  salphorie  saj, 
it  forma  a  white,  opaqae,  friable  mass,  soluble  in  water.  It  is  difficult,  howervr,  to 
obtain  emulsin  quite  free  &om  colouring  matter,  the  process  succeeding  only  when  ^»- 
formed  on  small  quantities  of  matcnal. 

Tho  property  of  being  precipitated  by  sJcohnl  doea  not  belong  to  emnUdn  itselt  bat 
ia  duo  to  the  phosphates  which  it  holds  in  solution,  and  from  wliicb  it  cannot  b 
tfttod.     EmuJsin  possesses  a  decideil  acid  reat^tion,  and  it  is  this  acidity  which  \ 
an  emnlsioci  of  almonds  to  hold  the  phosphates  in  solution. 

An  aqueous  solution  of  eniulain  when  boiled  deposits  a  white  granular  predpttste, 
which  on  cooling  redissolves  completely  in  the  stipematant  liquid.  This  precipitd* 
BWitaiiw  a  cQ^^<iderable  quantity  of  inoi^^imic  matter,  consisting  of  phosphate  of  ma%- 
wmam  with  a  little  phosphate  of  culciumi;  the  filtered  liquid  contains  the  prodactsf' 
decomposition  of  the  emulsin,  which,  strictly  speaking,  does  not  ooag:alate  by  heat,! 
is  compJotely  decomposed.     (EalL) 

Em  alii  in  romp  let  eiy  loses  the  power  of  transforming  amygdalin  into  hydride  < 
Boyl,  when  its  aqueous  solation  is  boiled ;  but  it  retains  this  power  wtien  * 
1(N)°  C.  in  the  dry  states  even  for  several  houia. 

The  aqueous  solation  of  emulsin  '\i  completely  precipitated  by  acetate  of  lead; 
filtrate  no  loneer  acts  on  amygdalin,  but  the  lead-precipitate  effects  the  complet«  trs 
formation  of  this  substance  into  hydride  of  ben^oyL 

The  solution  of  emulain  exposed  to  the  air  for  several  days  at  common  tempmtarei 
putrefieo,  giring  off  gas  and  becoming  turbid ;  nevertheliMs  it  retains  for  a  long  timt 
the  power  of  acting  on  amygdalin. 

Lactic  acid  is  found  among  the  products  of  the  decomposition  of  omolsin. 

The  analysin  of  emdiin  gives  the  following  resnlts:  — 


Tbonuon  hkI 
Hktiafciiofi. 


BolL 


CSarbon 48-78      48-40 

Hydrogen         ....      7'7fi        7'6B 

Nitrogen IS'Sl       18-64 

Sulphur 

Oxygen 24  62       26-28 


43-59 
6-96 

11-64 
1-26 1 

Sfl-fi6  \ 


43-74 

733 

11-40 


42-75 
737 


37-63     38-36 


loti-ao    loy-oo     loo-oo  loo-oo  loo-oo 

Thomson  and  Bichardson  do  not  mention  the  existence  of  aulphnr  or  of  mincnl 
matter.     Bull  found  quantities  of  ash  varying  from  22  to  35*8  per  cent. ;  in  the  t^~^ 
analyses  above  given  the  ashes  are  deducted. 

BMtTXiSZOir.    An  Imperfect  combination  of  oil  and  water,  by  the  interventina  ( 
aome  other  substance  capable  of  combining  with  both  these  liquids.     Saab  anb^tanMi 
are  either  saocharioe  or  madhiginoua.  U. 
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MXnUMm  A  anbatance  contained  in  the  jolk  of  turtle's  tagfi.  It  fonni  whlta, 
bard,  tnuupareot  grains,  very  lolublfl  in  dilute  potash ;  swcUb  up  m  acetic  add  iritboot 
diaaolring;  diMolTcain  boiling  hydrochloric  acid  vitbont  violet  coloration.  Containa 
49*4  per  cent,  carbon,  7'4  hydrogen,  and  14-6  nitrogen,  together  vritb  pboAphonu  and 
oz7g«B.  It  ajrproacbes  in  composition  to  tbe  ichthin  of  the  eggi  of  oertain  fiabea.  It 
fieldfl  about  1  per  cent  of  ash.     (Valenciennes  and  Fr^my.) 

drAXi£0CBX01C&     Sjn.  vrith  Xacmss. 

aarAmb  There  are  two  kinds  nf  enamel,  the  opaqua,  and  the  trannparent, 
TnmipaRnt  enamels  are  nsaaUr  rendered  opaque  by  adding  potty,  or  tbe  wh)t«  ozida 
of  tin,  to  them.  Tbe  basia  of  aJI  enamels  i»  a  perfeotJy  transparent  and  fuaible  glaas. 
Tbe  oxide  of  tin  rendem  this  of  a  beautiM  white,  the  perfiM>tion  of  which  is  greater 
when  a  small  qoantity  of  manganeae  is  likeviM  added.  If  tbe  oxide  of  tin  be  not 
sufficient  to  destroy  the  transparency  of  the  mixtoie,  it  produces  a  aemi-opaque  glaaa, 
naembling  opaL 

Yellow  enamel  is  formed  by  tbe  addition  of  oxide  of  lead,  or  of  antimony.  Konckel 
lilurwiM  afirms.  that  a  boautiM  yellow  may  be  obtaincxl  from  silver. 

Bed  aoamd  ia  afforded  bj  tho  oxide  of  gold,  and  k\m  by  that  of  iron.  The  former 
is  the  moat  beaatifol,  and  «tandii  tbe  firt;  very  well,  which* the  latter  doee  not. 

Bed  oxide  of  copper  likewise  yields  a  rery  fine  red  colour,  but  it  is  somewhat  difficult 
to  manage,  on  aoeount  of  its  tendency  to  pees  into  the  higher  oxide. 

BLuk  oxide  of  copper  affisrds  a  green;  manganese,  a  violet;  cobalt,  a  bloe;  and 
iron,  a  ^txy  fine  blaot.  A  mixture  of  these  different  enamels  producej;  great  yariety 
of  intermediate  colours,  according  to  their  nature  and  proportion.  In  this  branch  of 
the  art,  the  coloured  enamels  are  sometimes  mixed  with  each  other,  and  aonietimes 
the  oxides  are  mixed  before  they  are  added  to  the  vitreoua  baaea. 

In  the  Tr<uiBaetions  of  the  Soaetr  of  Arts  for  1817,  a  nJuable  list  of  receipts  fbr 
enamel  colours  is  given  by  Mr.  R.  Wynn,  for  the  oommnnication  of  which  a  premium 
vas  awarded.     The  following  are  Mr.  Wynn's  fluxes :  — 

ParU. 
8 

:    J» 

8 


No.  1.  Bed  lead 

Calcined  borax 
Flint  powder 
Flint  ghua     . 


Vo.  2.  Flint  glass  . 
White  anenie 
Nitre     . 


10 
I 
1 


No.  a.  Red  lead 

FUnt  gUsa     . 
No.  C  Red  lead 

Borax  not  calcined 

Flint  glass      ,         . 
No.  5.  Flint  gbiw      . 

Flux.  No.  2    , 

Red  Sead 


After  the  flaxes  have  been  inelt<Ml,  thfiy  should  be  potire*!  on  a  flag-stone  wetted  with 
a  sponge,  or  into  a  large  pan  of  dean  wat«r,  then  dried,  and  finely  pounded  in  a  biscuit- 
f  mortar  for  use. 


YtBow  enamd : —  Red  lead  8  pt«. ;  oxide  of  antimony  4  pta. ;  white  oxido  of  tin  1  pt. 

Mix  the  ingredienta  well  in  a  bi!<cait-ware  mortar,  and,  having  put  them  on  a  piece 
of  Dutch  tile  in  the  muffle,  maka  it  grndnally  r<»d-hot,  and  suffer  it  to  cool.  Take  of 
this  mixture  1,  of  flux  No.  4,  \\  ;  grind  them  in  water  for  use.  By  varying  the  pro- 
portions of  red  lead  and  antimony,  different  ahadea  of  colour  may  be  obtained. 

Orange  enamd :  —  Rod  lead  12  pta ;  red  sulphate  of  iron  1  pt. ;  oxida  of  antimony 
4  pta.;  flint  powder  3  pta. 

After  calcining  these  without  melting,  ftiae  1  part  of  the  cosipo>aDd  with  2^  of  flux. 


Lark  rtd  enamel:  — 

Sulphate  of  iron  calcined  dark 
FluxNo.  4,  flpts.l     -  J. 
Coleothar      1  pL   {  *^*^'*    ' 


P»rti. 
.      I 

.    3 


Light  red  enamel:— 

VwnM, 
Red  sulphate  of  iron     .        .        .     1 

Flux  No.  1 3 

White  lead Ijf 


Brotrn  enamrl:  —  Manganese  2^  pts.;  red  lead  8^  pta. ;  flint  powder  4  pta. 

St'o  Transactions  of  the  Sodety,  or  Phil.  Mag.  to!,  li.  Mr.  Tilloch  obflcrve-s,  that  boras 
should  be  used  Pfjaringly,  as  it  causes  effloreeeenee  and  decay  of  the  enamel  coloui*. 
For  further  details,  see  Ur^s  Dictionary  of  Art*,  Manufacture*,  and  Mine*,  ii. 
126.  U. 


A  Hulpharsenate  of  copper  originally  found  at  Morococha,  in  the  Cor- 
dillenu  of  Peru,  where  it  is  largely  worked  as  a  copper  ore,  and  occurs  in  Uirge  masses, 
occasionally  also  in  small  drusy  crystals  imbeddeu  in  crystalline  limesrtone,  together 
with  TennautiJe  (Broitbaupt,  Pogg,  Ann.  Ixxx.  383).  It  is  also  found  in  Brewer's 
mine,  Chesterfield  county,  South  Carolina  (GeDth,  Sill  Am.  J.  [2]  xxilL  420),  in  the 
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tninp<»  near  Santa  Anna  in  New  Qraua<la  ("W.  J,  Taylor,  ibid.  xrrL  340).  and  i&  lfi« 
Cnlilleruii  of  Chile  (Fi*M,  Chem.  S-hu  Qu,  J.  jtii.  9  fSiU.  Am.  J.  j^j  xxrii.  £2.  387.) 
The  min^nil  from  this  laat  locality  waa  originally  regarded  by  Field  am  a  distinct 
•ppeies.  and  named  hr  him  Giuit/acanite. 

The  minerul  from  Morooocha  exhibits  the  following  propertiM  : — The  ciyrtalf  an 
trimetric,  with  the  fac«i  oP .  oeP  .  oePop  .  ooPoo.  Angle  obP  :  ooP  =  98°  11'. 
Cleavupe  perfect  parallel  to  <xP,  distinct  parallel  to  otP*  and  otPoo ,  indisttaet 
paraUel  to  oP.  Specific  gravity  -  4*43  to4  45  (Breithaopt)  ;  4-362  (Kenngott). 
Hardness -3.  Lustre  metallic.  Colour  iron-black.  Streak  black.  Brittle.  Fmctarc 
nneTen.     (Breithaupl.) 

Decrepitates  when  heated,  and  in  a  tulwyJeldn  a  sublimate  of  ffolphor  and  solphide 
of  arsenic;  melts  easily  before  the  blowpipe,  giving  off  arsenie-rapours  and  formuig  a 
white  deposit  on  the  charcoal ;  the  roasted  assay  exhibits  the  reactiona  of  copper. 
Soluble  in  nitro-murtatie  a<'id.  In  the  etut*  of  powder  it  is  partly  dc«eomposM  by 
potash-Icy,  and  acids  added  to  the  solntion  throw  down  sulphide  of  arsenic  containing 
antimony,     (Plattner,  Pogg.  Ann.  Ijcxx  383.) 

AnaltjirB.  a.  From  Morocoeha  (Plattner)  loc.  cit.—h.  From  South  Carolina 
(Genth), — r.  From  Now  Granada:  eolotir  and  streak  greyish  black  (Taylor)  — 
d.  From  Chile:  specific  gTaTity-4-39;  bardness«3-6  to  4  (Field). 


s. 

A<i. 

Sb. 

Co. 

Fe. 

Zn. 

A«. 

c.  32-22 

17-69 

161 

47-20 

o-ez 

0-23 

0  72  =     99-4« 

b.  3378 

16-63 

,      . 

60-69 

. 

,     , 

.     .  »  100*00 

r.  34  60 

16-31 

1-29 

46-82 

0-27 

.    . 

.     .  -     »8-99 

d.  31-82 

1914 

, 

48-SO 

trace 

,    . 

tnue  -     90-46 

Theae  analyaes  agre^  nearly  with  the  forronla  of  a  tricaproua  sulpharaenate, 
Cu"AbS'  (calc.  32-53  sulphur,  18*82  arsenic,  and  48-60  copper). 

Bjrc&Ik&l>XTB.  Warwickitt. — An  ore  of  titaninm  fbond  in  tJio  dolomite  of  Amity 
(New  York),  together  with  spinelle,  titaniferoas  iron,  and  chondrodite.  Extemally 
it  resembles  warwickite.  Oblique  rhombic  prisms  (?  monoclinic)  ha-ring  a  bine-black 
or  brown-black  eolonr,  with  bluish  streak,  Ln?tre  varying  from  reainona  to  raetallie. 
Hardness -3  to  4,  Specific  grurity  3- 188.  Heated  in  a  tube,  it  givea  olT  water  and 
beeomps  lighter.  When  heat-wi  in  the  air.  it  assumca  a  brick -red  colour.  It  i»  infuaible; 
is  hut  little  attack«<d  by  hydroebloric  acid ;  dissolvea  easily  in  warm  aalphoric  add. 
According  to  T.  S.  H  unt  (Sill.  Am.  J.  [2]  iL  30 ;  also  xi.  362),  it  containa  — 

TiO«  8iO»        A1«0«        KeO         MgO        C«0        H»0 

aS'SO         llf-.7U         13  84         10'50         22-20         1-30         735  •  101<«S, 

whence  Rammelsberg  (Mineratchgmie,  p.  680)  deduces  the  formola, 

6t2M"0.(SiO»;TiO»)]  +  Al«0».3(SiO» ;  TiO»)  +  6aq. 

which  by  »nbatituting  a/  for  |  Al,  may  be  reduced  to  2M-'(Si ;  Ti)0«  +  oT^Si ;  Ti)0* 
+  2aq. 

Hunt  and  Dana  regard  the  mineral  as  warwickite  in  a  stat4»  of  trantfortniitioti. 
Accortlinp;  to  J. L.  Smith  (Sill.  Am.  J.  [2]  xvi.  293V  it  is  a  borotitanate  of  niagneaiiuii 
ami  iron,  containing  alnjut  20  per  cent,  of  boric  annydride. 

BjmsftXiIOirZTB.    3yn.  with  Bot;BKONi-rK. 

BirsZVA.  Ci-chorium  Endifia. — This  plant  contains,  according  to  Richardson 
(Ann.  Ch.  Pharm,  Ixvii.  377),  92-6  per  cent,  water,  6-1  organic  sub8ta.nce,  and  I-*  aith. 
The  nhh  contains  in  100  pts.  37-8  k*0, 12-1  Na'O,  120  CaO,  18  MgO,  6-2  SO".  24-« 
Sl(>^  find  04  phosphate  of  iron, 

BimomASliSM.     Syn.  with  ORrmc. 

VVSOPBA-Cnr,    The  name  given  by  Valenriennea  and  Fr^my  to  the   inort 
albuminous  constituent  of  the  crystalline  Jena  of  the  eyes  of  mammalia. 
mrSOSMOSi:.     Sre  Oswosa. 
EiroiiXiHAJtBZXB.    See  Zmcox. 

SH-BTJ^TI^FB.  A  Tariety  of  augite,  M^'BiO*,  feuad,  together  witli  peeadophtt^ 
on  the  Zdjar  mountain  near  the  Aloysthal,  in  Slnravia.  Forms  firmly  imbedded  lin*«r 
erystals,  often  transversely  broken ;  they  helong  to  the  monoclinic  system,  exhibiting 
the  facee  [goPot]  and  ooPoo  (the  end-faces  not  developed),  with  diiitinct  ckavtg* 
parallel  to  these  faces  and  to  those  of  a  prism  of  nearly  87".  It  is  greyish-white. 
BometimcB  yellowish  or  greenish  ;  dull  on  the  faces  of  the  crystal,  bat  with  a  ntber 
•tmng   glassy    and    nan-eous    lustre    on    tlie    cleaTage-facee ;    aexni-tzaoaparent   or 
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tmnslocpnt  on  tbe  ed^w.  Streak  white.  Brittle.  Hardnesa  »  6-6.  Specific  graritv 
•■  S'lO  to  8"13.  Nearly  infiuible  befoiw  the  blowpipe,  but  becomes  whiio  and  etuimal- 
like  on  the  «<ige«:  dow  not  give  any  blue  colouring  with  oobalt;  insoluble  in  h/dro- 
chloric  acid.    Coot«iR« : — 


I 


8iO» 

A1'0» 

FeO 

MgO 

H«0 

66-01 

S-60 

27fl 

6A44 

1  92  -  99-53 

67-28 

,    , 

6-00 

36-26 

.    .  -  98  63 

Of  the  water.  0-41  per  cent,  goes  off  at  100**  C;  the  ratt  At  n  red  heaL    (Kenngotl, 
Wien.  Ak»4  Ber.  xri.  162.) 


r.  C**H**0*  (?).  A  red  colouring  matter  obtained  from  aaparagua  berrivs. 
(Kerndt,  Jahrftbnr.f.  Cketn.  849,  457) 

ETB.  A  micaowus  minimi,  fuuud,  together  with  corundum,  on  the 
magnetic  iron  ore  near  Ephcaujj.  It  in  biminnr,  eaeilj  ■opttrabl*^  in  the  direction  of 
the  lamina,  white,  nncreotu,  resembling  white  disthene.  6p<>cific  gmritr  315  to  320. 
ScntdMa  glaM  eaaily.  Before  the  blow^^ipe  it  bticomea  dull,  bat  does  not  melL 
Coataina : — 


SiO» 

A1«0» 

CftO 

FcO 

31-64 

67-89 

1-89 

1-34 

0-04 

66-46 

211 

1-00 

Na'O 


4-41 


H'O 
3  12 
306 


ToTal, 
9707 


may  be  deduced  the  formula  2M»0.3SiO»  +  2{2Al»0*.SiO*)-    (^'-  Smi  th  Ann . 
Mio.  [4]  xriii.  294.) 

m»XB&OMBYlimzir.    See  BBomrrDUKS  (L  667). 

BPXCHX.O&BniSZV.    See  Chlobhydbixs  (i.  894). 

SPZCB^OSTTS.  A  mineml  dweoTwvd  by  Zincken  (Pogg.  Ann.  IxrriL  237) 
near  NeiiKtadt  in  t(i<?  Harz,  wbere  it  occurs  in  a  rock  rejembiing  Rcrpentine,  in  fragment* 
of  radiating  atmcture.  It  eaaily  sepanteii  into  pri§matic  fornxs.  haa  a  strong  fatty  lu«t««, 
dark  leek-green  colour,  white  streak  inclining  to  grceniah,  and  in  thin  slips  is  trans- 
lucent,  with  bottle-grwu  colour.  Hardness  =  2  to  2  6.  Specific  gravity  —  2-76. 
Oivcs  off  water  when  heated  in  a  hiW,  and  melt«  with  difficulty  before  the  blowpipe. 
It  ia  but  imperfectly  decomposed  by  hydrochloric  acid.    Contains:  — 

8iO«  A1»0*  Fe*0«  FeO  MgO  CaO  H«0 

40-88  10-96  872  8-96  20-t)0  068  lOlS 

•whence    the    formoU    2(4M"0.3SiO»)    +   2M«0*.3SiO*  +  8aq.      (Kammelsberg, 
Minrralfhrmif,  p.  639.) 

BPZDTOUms  or  AJrratAT.H.     See  HoKirr  TissuB. 

SVOmaaiXS  or  V^AJrTS.  The  akin  of  plants  consists  of  one  or  more  layers 
of  con  J I  nf-stfltd  CHlluliir  tiisuf",  constifutina:  the  true  skin  or  epidermis,  and  of  tin  eiternsl 
Terr  thin  layer  of  organic  xnueufp,  called  the  cuticle.  The  epidermia  covers  all  parts  of 
the' plant  which  arc  t-xposc-d  to  the  iiir,  exr<>pt  the  stigma,  but  is  not  found  on  plants 
habitually  living  under  water.  The  cuticle  eoTers  erery  part  except  the  openings 
throng  the  atomatea.  Accordiivg  to  Fremy,  the  cellular  substance  of  the  epidermia 
consists  of  a  peculiar  substance,  which  be  calls  cutiu,  differing  from  ordinary  cellu- 
lose  in  not  being  soluble  in  an  ammoniacal  solutioo  of  copper.  Payen,  on  the  other 
hand,  regards  the  epidermis  as  oonsistiiig  of  ordin&zy  cellulose  impregnated  with  fats, 
nitrogenous  bodies,  and  inorminic  salta.     (See  CiniK,  p.  186.) 

Mulder  analyoi^  the  cutiele  at  Agave  Amtricana,  separated  from  the  plant  br  roace- 
Tation  in  mlpb'mric  acid.  After  exhaustion  with  alcohol,  ether,  and  water,  and  drying 
at  130°  C.  it  left  4  per  cent,  of  ash:  the  organic  part  coatamed  62-90  per  cent,  carbon, 
6-79  hydrogen,  and  40*31  oxygen  and  nitrogen.  The  substance  was  not,  bowerer, 
quite  freed  from  epidenuis  otdk,  ^  that  the  result  must  be  regarded  as  only  approxi- 
]nat«, 

sPZSmMOSB.    See  Hobst  Tissub. 


Syn.  with  EptartiBiTi. 
Z7ZSlZCHI.ORSTDSX]r.    See  CKLOStmiBnrs  (i.  894). 

ZPQ»OTZ.  ZoitiU  (in  part).  PiitaciU,  Thallitt^  Withamfte.  Akmniiem 
Seorsa.     Drlphinite.     ArentUiiit*.     Backlanditg,     Tktdite,     Pusckkinitf.    Arkmnntite 

This  mineral  species, unrit-r  the  RenemI  formula  3(2M'0  3iO')  +  •i(2R»0«.8SiO*)  - 
3(M"')'SiO'  +  2R*Si»0'».or3.Va®rO'  -f  2{R'(j^.B\0^\  inclmles  three sub-speciM.'TE. 
1.  Lime  epidote  or  Zoiaile  (in  part)  in  which  the  birHlent  metal  M  is  almost  wholly 
calcium,  and  the  trivalent  metal  R  is  chiefly  alumiaium ;  this  sub-species  includes 
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Tkulite~~2,  Lime  and  iron  Epidott^  Phtacite,  or  Epidote  proper,  in  which  th«  calcimo 
ifl  •omedmes  partJj  rcpIooAd  by  iron  (ferrcMatn),  aod  the  aluminium  in  g;r«ttt  part  by 
forriram:  thii  iaeludca  BttcklandiUi  uid  PuscAkimte. —  3.  Manganesiam  tmaottt  ia 
which  th«  Besqniatomic  metal  is  partly  mani^nose  (manpanicutn).  B«fiide«  theae,  moat 
be  mentioned  AllaniU,  which  ia  a  true  ceritim  epidote,  and  WithamiU. 

The  crystals  of  epidote  are  monwlinic,  «  :  6  :  c  —  0-5.509  :  1  :  0-9924.  Inclinatioo 
cf  principal  axij*  to  clinodiai;onal  =»  51  41*.  Orlinary  combination  oP.  o»f'« 
+  Pco  .  —Poo  ,  [Pao  ].  Cleavage  most  distinct  parallel  to  +  Pas,  lesa  distinct  pandkl 
to  QoPao,  Twin  crystals  occur,  having  their  face  of  combination  parallel  to  obP*. 
The  crystals  ar?  always  prismatjcotlly  elonfjatPHl  in  the  direction  of  the  orthodia^nmal. 
(Kopp.  Kr^tta/kiffraphie,  p,  309.1  Epidote  likewise  occurs  columnar  and graniuu'.  La 
particles  of  Yarioua  sizes,  aometunea  impalpable. 

Hardness  «.  6  -7.  Specific  gravity  =  3-25— 3-5  (of  eoisite,  3-2  to  845;  of  piaftar 
cite  3-36  to  3-6,  of  mftnganrman  ejjidote  3-404 ;  of  wittuunite  3-1  to  3-84).  Colour  of 
xoisite  grey  or  brown  to  white  of  piatacite,  yellowiah-green  or  piatachio-greea.  paasiog 
to  olive  and  leek-green;  of  puschkinite,  green,  yellow,  and  red ;  of  bucklandite,  black; 
of  tnangaaesian  epidote,  reddish-brown,  reddish,  black  or  daric  riolet-bluc;  of  witha- 
inite,  bright  red :  of  thnlife,  rose  or  peach-blossom  red.  Streak  uncoloored,  greyiill 
or  reddian.     Subtraosparent  to  opaque.     Fracture  uneven.     Brittle. 

Before  the  blowpipe;,  epidote  melta  on  the  edges  and  sweila,  bat  does  not  eaoh 
liquefy,  the  varietiea  containing  moet  iron  being  the  most  ftisible ;  borax-glaas  coloured 
by  iron.  The  manganese  Tariety  ftises  readily  with  intumescence,  and  girea  with 
bfiru,  an  amethy>ctine  gloss  in  the  outer  flame.  Most  specimens  of  epidote  afford  i 
minute  globule  of  tin  before  the  blowpipe.  The  specific  gravity  changea  with  heating 
Epidote  is  bat  partially  decomposed  by  acids,  except  after  strong  heating. 

Analif«es.—  l.  Brush  (SilL  Am.  J.[2i  iivi.  69). — 2.  Rammel8berg(^«ieriBWaaii; 
p.  750). — 3.  Hermann  (J.  pr.  Chem.  xliii.  35).— 4.  G  me  tin  (Pocg.  Ann.  xia.  S$9), 
^6.  Ramiiaelsberg  (foe.  at  763).— 6.  Kuhn  (Ann.  Ch.  Pharro.lut.  S78V~7.  8,  9. 
Hermann  {toe.  dt.y-lQi.  Hart  well  (Kongl.  Vetensk.  Acad.  HandL  1848,  pi  171.)— 
11.  Sohrero  (lae  cit.  1840,  p.  218).— 12.  Geffkcn  {toe.  cit.) 


I.  Lime  Epidote. 


1.  Umonvjlle,  Pa. 

2.  Sau  alp 

3.  FaJtiglj^y 

4.  Thuiite,  Sooland 


40-61 
40-fi* 
40-S6 
42-84 


Al*0« 

33-44 
28-39 
30-34 
3114 


C«0 

24-18 
24-26 

21-66 
19-73 


M«0 
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Lo«*  by 
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1  69 

0-64 


Ka>0 

.    .  =  loo-w 

.  .  -  99  W 
.  .  =  lfK)-05 
1-89  -    99  U 


IL  Lime  and  Iron  Epidotr. 


8.  Are:idal    . 

6.  Geier.  Erzceb.  . 

7.  Bourg  d'Oisans 

8.  Bucklandite      . 
9  PusckkiniU       . 


8iO> 

37-98 
40-fi7 
37-60 
36-97 
37-47 


20-78 
14-47 
18-57 
2184 

18-64 


17-24 
13-44 
13-37 
1019 
14-16 


CaO 

23-74 
30-00 
21-19 
21-14 
2206 


F«0 


6-56 
919 
256 


M(0  Ka*0 

111  .     . 

2-76  .    . 

1-40  .     . 


2-28 


Lam  by 

lanicion 

.     .    =  100-85 

.     .   «  101^4 

168  a  9»S6 

1-00  -  100-33 

1-44  »  SS-M 


III.  Manffonaian  Epidote, 
SiO>  At*0»    Fe*0'        Mn'O*        CjiO 

10.  St  Marcel     .     3847       17-66      660       14-08      2165 

11.  „  ,     87-86       16-30       8-23       2446       13-42 
13.         „  .     36-87       11-76     10-34       1826       2278 


M«0     SoO.CoO 

1-82     .   .  c  lo^2a 

.     .        0-40  a  100-06 
.     .       .     .  -  100i> 


For  other  analyses  BeeRammelaberg,  pp.  760— 760;  Dana  U  207 
The  general  formula  3(M'')=SiO*  +  2(H')»^i»0",  deduced  frJm  *theai  a&aljtai,  n 
composed  of  two  terms,  each  of  which  repreaenta  an  ortht«ilicato,  and  mar  bt 
exhibited  more  plainly  m  that  form  by  reducing  the  WMqiiioxi.lea  to  protoxidea  tiat 
IB,  by  Btioetitutmg  m  tho  second  term  of  the  formuk.  m  -  4R.  which  miuoM'  tj»t 
term  to  3fn*SiO*,  and  brings  the  entire  formula  to  tlie  general  type  M'SiO* 

Epidotes  occur  in  uumeTOUs  localiti«ai.  Fine  crystals  are  found  at  Arendal  in 
Norway:  hence  tho  namu^rmrffl/ite.  Other  localities  are  the  TraU  Piedmont,  ths 
Fichtelgebirg,  Rothlaue  m  the  Canton  Berne,  Fn!tigl  in  tho  Tyrol  Groaaa^  in 
Austrm,  B..ui^  d  Omina  in  Duuphiny.  Olenc-^  the  mainland  of  ShetUi^,  tha  Ishuri 
of  leolmkill,  &c,  Epidote  ib  of  ver],-  frequent  occurrence  in  primitive  roeka,  eapariallr 
m  grauite,  gueisa,  and  syenite.     Iron  epjdoto  ia,  like  garnet,  a  Teiy  freqvanfc  < 
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•laatof  troa  ores,  wpccullj  of  magoptic  oxide;  the  numeroua  aod  eztennTe  reini 
of  thJa  on  in  Norwuy  ana  8wed«n  are  almoot  ooiTezBally  aocompuiied  by  tbeae  two 
mia^raJj,  Mpecially  in  the  neighboorfaood  of  Arendal^  where  they  almoet  durplite«  th« 
gn«ifla,  which  usuAlly  formfl  the  matrix  of  the  ore.  The  frequent  occmrt-nce  of  epidote 
and  garnet  io  the  same  localitj  is  easily  explained  by  comparing  the  compoeition  of 
the  two  mioeraU,  garnet  being  3M*SiU*  +  R*Sl■U*^  and  epidote  3M*yiO*  •«■ 
2B*Si'0'' ;  we  may  therefore  sappoae  that  ia  the  fonnatioD  of  the  older  rocka,  when 
fcrroBo-ferric  oside  came  in  contact  with  aUica,  alumina  and  lime,  epidote  (especially 
pictadta)  and  sarnet  were  produced,  the  former  when  the  Besquioxidea  were  preoent  in 
ereateat  abxindance,  the  latter  when  the  protoxides  predomisated.  (Scheerer, 
Haudw.  d.  Chem.  l"  Aufl.  ii.  964.) 

BPZOXh^USXTB.  A  crystalline  substance  found  in  hardened  gnono,  containing 
lim<,%  pliojiplioric  aciil,  and  water.     (Shepard,  J.  pr.  Cbem.  Ixx.  212.) 

^SOBCITE.     XVBOZIK-8&IT.     Sulphate  of  magnesium.     (See  Sulfhatks.) 

WPZ&TTStSxnt,  A  mineral  belonging  to  the  seolite  family,  and  closely  allied 
to  atilbite.  Fornui  rhombic  priama  with  the  acute  lateral  edges  truncated.  Fracture 
aneTea  Hardneaa  »  3-6  to  4.  Specific  grarity  2249  to  2263.  White  with  glaNj 
lustre,  nacreoua  on  the  cleatage-facefu  Diiwolvea  in  hydrochloric  acid  without  gela- 
ttniaiag^  Occun  in  the  almond-atone  of  Iceland  and  the  Faroe  Inlanda,  and  in  the 
dolerite  of  Ireland.  Gives  by  anolyna  6S-6  per  cent,  silica,  17*62  almninu,  7*66  lime, 
178  soda,  and  14*48  water:  whene©  the  formala.  2Ca0.2Al»0».6SiO»  +  100*0.  - 
2Ca0.tfiiO'  +  2Al*0*.3SiO*  +  10H«O.  (O.  Roae,  Gm.  Handh.,  iii.  413;  alao 
Walfershausen.  Jahnahrr.  f.  Ckem^  1863,  818;  1866,  863.) 

BQITATZOVa,  CBXaCXCAlM     See  FoBW7L& 

SQinSBTZC  ACZS.     Syn.  with  Ago.vitic  Acid. 

aqviSBTTTM.  Hor$r.iaU.—A.  gcfius  "f  cry ptogamoua  plan te  diatingniahed  chemi- 
cally  by  the  large  amount  of  inorganic  conHtitiiouta,  eepeciallr  silica,  contained  in  them. 
The  ailica  partly  separates  out  on  the  external  surface  of  the  stent,  where  it  hjuxienii, 
forming  namerous  aroaJI  conrrvtiona  on  the  elevated  stria  with  which  the  stem  is 
marked,  and  rendering  it  available  for  polishing  substances  of  no  great  hurdnesa,  such 
as  wood,  ivory,  horn,  && 

Brai'onoot  found  in  100  pts.  ot  dried  Eqmftum.  fiuviatHf^  23-61  pts. ;  of  E.  kitmaU^ 
11*81  pts. ;  of  E.  arvenu,  13'84  pta. ;  and  of  K  limotum^  Id'O  pts.  ash  consisting  of: 

E./mHat    K.  kkm.       E.an-eni.     f .  i^Momm, 

Potash,  pftTily  as  ailicite 0"2  030  trace 

Sulphate  of  potassium         .        .        .     2*83  0*33  037  2*20 

Chlurideof  potaaaium        .        .        .     272  0  28  0  22  1-20 

Carbonate  of  calcium          .         .         .     146  093  6-61  160 

Phosphate  of  calcium  (containing  iron)   0^66  0-80       nndeterm.  UDdett^rm. 

Sulphate  of  calcium   .         .         .         .3-39  .      .  .      .  330 

Magnesia 0'66  .      .  046  030 

Silica 12(M»  ^76  6  38  660 

23-61       11-81  13*24  16  00 

Witting  (J.  pr.  Chem.  Ixii.  149)  found  io  100  pta.  of  E.  Tibnatrja  {a\  dried  at 
100^  C,  71*43  pts.  orgivaic  substance,  and  28*67  ash  ;  in  100  pts.  of  the  fresh  pUnt  of 
£.  arvtme  (6),  78*46  water,  17*48  organic  subaLouce,  and  407  uh.  The  aah  contaiiied 
in  100  pts. : 


MO^     CO» 

ti'to    o-i« 


so*    P'O"'  F*»0>    MoO    M(tO    MdCO*   CjiO   CjCO»    K«»0 
'HH      1  9H      1-33       013     Ofil        3U        tii      ll>-ti7      (HXQ 

9!»8    a-7i    *70     ooi    a^i     .    •     17-m    .     .     o-m 


K^O  N.CI  Ka 
lU  11}  »M 
11-31      D^M     l*9» 


E.  arventf,  E.  hirmalfy  and  especiaUr  K  palusfre,  ore  said  to  be  vary  iiyurious  to 
cattle,  whereas  Kfiuviatile  forma  a  harmless  and  ttutritioos  fodder.  The  various 
species  of  equisetnm  contain  amsll  quantities  of  oquisetic  (oconitic)  add  in  the  form  of 
calcium-  or  potaftsium-aalt.  Broconnot  (Ann.  Ch.  Phys.  [2]  xxxix.  6)  found  in 
K  limosum  a  yellow  colouring  matter,  which  he  designated  u  fiairquitetin  {q.  v.) 

BQOZVJL!bS]r70.  No  two  aubutancea  in  nature  ore  absolutely  equivaleat  in  a!l 
respeeta,  scarcely  perh«p«  in  any  respect ;  but  those  are  most  nearly  equivalent  which 
maniffflt  the  greatest  affinity  to  one  another,  either  in  regard  to  their  general  func- 
tions, or  to  some  particular  function  taken  as  the  criterion  of  resemblance  Now  the 
prime  indication  of  this  special  e^tuvokncy  between  two  or  more  bodies  ia  well  known 
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to  oonaiit  in  their  capability  of  Iwinpf  freely  exchanged  for  one  another  without  low  ot 
detrimpat ;  and  this  holds  good  no  Icsb  in  the  science  of  chemi5tr]r  tluui  in  the  tnoaae- 
tionii  of  onlln&rf  hfe,  (ho  id^a.  of  exchange,  that  in.  of  direct  or  indirect  sabetitatiioa, 
forminp  the  bans  of  tht>  modem  doctrine  of  chemical  equivalents. 

Wf  find  in  a  great  number  of  compounds  th»t  1  pt.  of  hydrogen  may  be  replaced 
dircrtly  by  23  pts,  of  sodium,  or  by  3&  pts.  of  potassium,  or  by  108  pta.  of  aiWer,  &e. ; 
and  as  the  resulting  compounds  manifest  a  marked  mutual  resemblance  of  constitotion 
and  pn3p«rties,  and  a  general  resemblance  to  the  hydrogenised  body  from  irbich  tbfy 
vere  obtained,  we  say  that  the  atoms  of  sodium^  potaaaiunx,  and  ailrer  are  eqniTmleait 
to  one  another,  and  also  equivalent  to  on  atom  of  hydrogen.  SimilArly,  we  find  in  a 
preat  number  of  compounds,  both  organic  and  inorganic,  that  one  or  more  atoms  of 
hydrogen  may  be  replacj^l  by  an  equal  number  of  atoms  of  chlorine,  or  bromine,  cf 
iodine ;  and  as  the  resulting  compounda  correspond  closely  with  one  another,  and  pie- 
eent  a  marked  similitude  to  the  original  hydrogenised  body,  we  say  that  the  atoms  of 
chlorine,  bromine,  and  iodine  are  eqniralent  to  one  another,  and  also  equivalent  to  an 
atom  of  hydrogen;  whence  it  follows  that  the  atoms  of  chlorine,  bromine,  iodine,  by- 
drc^en,  potasaium,  sodium,  and  silver  are  mutually  equivalent.  We  are  acquainted 
with  numerous  bodies  of  comparable  constitution,  containing  respectively  an  atom  of 
chlorine  or  an  at«m  of  metal ;  tbas: 


HHO  .  Water  Cl'S 

CICIO  .  HypocblorouB  anhydride  Hfl 

HCIO  .  Hvpochlorous  acid  Na»3 

KCIO  .  Hypochlorite  of  potass ium  C1*S« 

KHO  .  Hydrate  of  potassium  H»8» 

KXO  .  Oxide  of  potdniom  Na'S* 

C«HK:1  .  Ethyl-chloride  Cl'Sb 

CH'H  .  Ethyl-bydride  H'Sb 

Cr'H»Na  .  Sodiura-t'tbide  Ag^ 


Chlorine-sulphide 
Sulphydric  acid 
Sodium-sulphide 
Chlorine-disulphidi 
Hydrognn  -di  jtulphide 
8odium-disttlphidc 


Clilorostibina 

Stibamino 

Stibio-silver 


MMdliy 
behiniii__] 

dwit«l 
»deeei^H 


That  we  are  not  acquainted  with  a  very  great  number  of  such  instance  of  rvplsre- 
nent,  appears  to  arise  from  the  circumstance  that,  in  few  hydrogenised  bodies  can  the 
hydrogen  be  replaced  with  equal  facility  by  chlorine  and  by  potassium.  As  a  eenerd 
rule,  we  find  that  the  facility  of  replacement  by  potaaainm  is  directly,  by  chlonne  in- 
versely, as  the  degree  of  oxidation  of  the  compound  under  examination,  and  coas*^ 
qncntly  thut  the  same  body  does  not  always  afford  both  chlorine  and  metal  derivatirta. 
Chlorine  and  potassium  are  two  elements  possessing  in  the  highest  dcg7«e  those  oppo- 
site proprties  which  we  denominate  ehloroua  and  basylona  respectively.  Tbejr  tr^ 
however,  connected  by  a  great  number  of  intermediate  tmks,  and  constitute,  aa  itwer^ 
thct  extremilioa  of  a  very  long  chain.  From  tbe  antagonism  in  properties  poaacssed  hj 
chlorons  and  basyloua  elements,  wo  find  that  the  correspondence  in  properties  h 
chlorous  and  basyloua  derivatives  of  the  same  hydrogenised  body  is  confined 
narrow  limits ;  it  is,  however,  well  manifested  in  the  phenomena  of  double 
pofiition. 

We  may  make  a  similar  comparison  between  other  elements  than  those  which 
we  have  as  yet  considered,  Thus  in  a  whole  host  of  most  varied  bodice,  we  find  that 
.  16  pt«.,  or  1  atomic  proportion  of  oxygen,  are  replaceable  by  32  pta.,  or  1  atomic  pp>« 
portion  of  sulphur;  and  that  the  comparable  oxygen  and  sulphuT  compounds  are  eitho 
procurable  from  one  another  by  on  atomic  exchaage  of  oxygen  for  sulphur,  or  mav  bs 
obtained  by  precisely  similar  rpHCtions  from  oxygen  andsulphur  respectively.  Jurt, 
fbr  iaatAnre,  as  chlorine  expels  hydrogen  from  benzene,  so  does  oxygen  expel  anlnbor 
Atim  sdbuite ; 

cm*  +  Cl«  -  C*H'C1«  +  3HCI. 
SbS«   +  0*    -  SbO'       +  3S0'. 

Carbon  bams  in  oxygon  gas  to  form  the  din  oxide  CO',  and  in  suIphnr-Tspovto  fccin 
the  diaulphide  CS*.  Again,  the  analogous  bodiee.  alcohol  and  mercaptan,  at  pro- 
curable from  hydrochloric  ether  by  means  of  hydrate  and  sdphydiato  of  poiaasmm 
respectively,  thns: 

C*H»C1  +  EHO  -  KCl  +  C»H*0. 

CHHn  +  KHS  -  KCl  +  C^»S. 

In  ft  similar  manner  we  may  compare  together  the  elements  phosphonis,  aiMoie, 
antimony,  and  bismuth,  when  we  ehall  find  that  their  respectire  atoms  are  motually 
interchangeable,  and  consequently  equivalent  one  to  another. 

In  the  different  inatancea  of  equivalent  sabstitHtion  above  referred  to,  the  repla»- 
ment  has  been  effected  by  im  int-erchange  of  atom  for  atom  ;  bat  we  constantly  find  in 
addition,  that  two,  three,  or  more  atoms  of  one  element  may  be  exchanged  for  oof 
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«toin  of  aootlier.     Thos,  if  we  mci  upon  pen(«rhlonde  and  ptnUfaraoiide  of  pho«* 
phonu  vith  vater  And  flolpli  jdho  acid  ivepcctircly,  we  liaTe  tlie  foUowiag  reactiona  :— 


Pa»  +  H«0  -  PCI»0  +  2HCL 
Pa»  +  H»8  -  PCl»S  +  2HCL 


PHi*  *  ETO  -  PBr»0  +  2HBr. 
PBr*  +  H«S  -  PBr«  +  2HBr. 


In  tlMse  raactiooa,  h  in  rery  many  others,  we  find  that  two  atoma  of  chlorine  and  bro- 
mine we  reepeetiTaly  exchan^'euble  for  one  atom  of  oxygen  or  sulphur.  Ueccrv  ttikiug 
th»  atom  of  bydtogm  as  the  unit  of  equivalency,  we  eay  that  tne  atoma  of  cMorine 
mad  bromine  hare  a  aiogle,  and  the  atoma  of  oxygen  and  tnlphoir  a  twofold  {>quira- 
leticy.  Again,  if  we  ta>ke  three  atoma  of  hydrochloric  arid,  fl*C'l»,  we  can  either  displace 
the  three  ntonia  of  hydrogen  by  three  atoma  of  sodium,  to  form  three  atoma  of  chloride  of 
•ndiam,  N&*C1',  or  we  can  displace  them  by  one  atom  of  bismuth  to  form  one  atom  of  tri- 
chloride of  biamuth,  BiCl* ;  ao  that  while  the  atom  of  sodium  baa  a  single,  the  atom  of  bi»- 
noth  haa  a  threefold  equivalency,  the  one  atom  of  biamuth beinga  repreaentatiTeof  tbreo 
atoma  of  hydrogen  or  of  aoditim.  To  facilitate  comparison,  the  author  of  this  article  pr»- 
poMd,  •OCae  lew  yean  back,  that  mode  of  indicating  diflferenoes  in  equivalent  value  which 
nunow  eome  into  very  general  oae — nuimrly,  by  means  of  one  or  more  dashes  plaood 
to  the  right  of  the  aymbola,  ao  aa  to  establiah  a  diflereuee  to  the  eye  betwtn-n  tha 
equivalent  or  aobetitatioD  valoea  of  different  atoms,  as  ahown  in  the  followiitg 
formuUe : — 


AgCl 
Sn-Cl' 
Bi""Cl« 


SilTer  chloride 
Stannous  chloride 
Bismuth  chloride 


AgTO* 

HSn-PO* 

Bi-PO* 


Silver  phosphate 
Stannous  phosphate 
Bisumth  phosphate 


It  ia  observable  that  the  equivalency  of  an  elementary  atom  referred  to  tliat  of  hy* 
drogen  aa  nnity,  may  be  determined  almost  eqiinlly  w*'U  by  noticing  the  number  of 
chlorine-,  or  hydrogen-,  or  aodium-atoms,  with  which  it  can  unite,  a»  by  noticing  tho 
number  of  chlorine-,  or  bydrocen-,  or  s<Miium-at«mfl  which  it  can  rt'place.  For  every 
eombination  of  an  element  with  chlorine  may  be  looked  upon  as  a  »iubf<titutioD-prodnet 
uf  chloride  of  sodium,  in  which  a  cprtain  number  of  sodium-atoms  are  replaced;  and 
every  combination  of  an  element  with  sodium  as  a  substitution-product  of  chloride  of 
■odimn,  io  which  a  drtain  number  of  chioriue-Ntoms  are  replaced.  Trichloride  of 
bismuth,  B»"'Ci"  for  instance,  is  derivable  from  three  atoms  of  chloride  of  sodium,  Na*CP, 
by  a  displacement  of  three  uniequivaJent  atoms  of  sodium  by  one  triequivalent  atom  of 
bismuth  ;  while  sulphide  of  sodium,  Na^S",  is  derivable  from  two  atoma  of  chloride  of 
•odium,  NaHTl'',  by  an  exchange  of  two  nniequivalent  atoms  of  chlorine  for  one  diequi* 
Talent  atom  of  sulphur,  Sec.  &c. 

In  modem  chemistry,  the  notion  of  equivalency  is  usually  extended  to  that  of  intei^ 
ebangMble  value  for  hydrogen  or  for  the  representatives  of  by dropen.  as  ubovo  explained, 
irTeq>«cCiTe  of  any  similarity  or  dissimilarity  in  properties  between  the  equivalent 
bodies.  In  this  broad  sense,  an  atom  of  oxygen  O  ia  equivalent,  not  only  to  an  atom 
of  its  analn^e,  sulphur  8",  but  also  to  an  atom  of  its  het«tologiie,  tin  Sn" ;  while  th« 
atom  of  antimony,  Sb"  is  equivalent,  not  only  to  the  respective  atoms  of  its  analognaa, 
arsenic  As'"  and  bismuth  Bi'",  but  also  to  the  respective  ntoms  of  its  heterologuei, 
boron  B"*,  and  gold  An"*.  Agnin,  six  atoms  of  hyorogen  6H',  three  atoms  of  aulphuF 
3S",  and  two  atoms  of  gold  2Au'",  constitute  eqiiivalrat  quantities  of  the  three  highly 
dis.similar  elements. 

This  idea  of  equivalency  ia  widely  removed  from  that  of  atomicity,  and  is  indeed 
quite  compatible  with  the  notion  of  fractional  proportions.  There  ia  no  impropriety, 
for  instance,  in  saying  that  an  atom  of  hydrogen  ia  equivalent  to  one-half  an  atom  of 
tin  or  sulphur,  and  to  one-third  of  &n  atom  of  bismuth  or  phoaphonu.  This  moda 
of  exprc88]0D  is  assoristed,  moreover,  with  the  use  of  a  special  equivalent  notation,  aa 
distiiignished  from  the  atomic  notation  commonly  employed.  In  this  equivuleat 
notation,  introduced  by  Laurent  and  Gerhardt,  the  proportions  of  the  diffenot 
elements  which  are  exchangeable  for  one  atom  of  hydrogen  are  represented  by  the  sama 
letters  which  symboliae  their  x«spective  atoms,  but  written  in  small  letters  only  inat^MMJ 
of  with  capitals,  thus:  — 

ECl  Hydrochloric  acid  ECl 

NaCl  Sodium-chloride  NaCl 

S"C1'  Sulphur-chloride  s'Cl 

Sn''Cl'  Stannous-chloride  stn'd 

P*C1»  Phosphoroiis-ohlorid*      p'Cl 

Bi"'a*  Bismuth-chloride  bi'Cl 

C""Cl*  Carbon-chloride  c'Cl 

arvi*  SUicoD-chloride  si'Q 
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The  flnt  polatnn  n^resenta  cbloridra  of  atomic  proportions,  and  the  aecoad  dtloridrt 
jf  equivalent  proportions^  of  the  diffiprent  metals  orqu&ai  metal*. 

And  tbia  brings  us  to  ft  eoMidewtioo  of  the  MQse  in  which  the  word  eqiUTaleat  «a« 
origifiiilly  iutrodnced  into  chemical  langange  by  Wollastoa,  as  n  substitute  for  Dalloo'i 
word  atom  ;  for  most  of  Dal  ton's  atomic  weights  were  in  reality  only  *>quiralmt  pro- 
portions. Thus,  he  wrote  wattr  OO.  ammonia  Q  J«  ""d  **»  *'  •^"^  inclined  if 
writ©  roanh  gas  0#;  o^  •"  (J<^rbardt'a  symbols,  Ho',  Hn,' and  He'  re*peclirely. 
Ultimately  he  decided  upon  writing  marsh  gua  Q^Oi  i^d  olefiant  gas  0#i  theruby 
making  the  atomic  weight  of  cHrbon  6  instead  of  3;  altbongh  his  preference  was  not 
based  ujKm  any  of  those  molecular  consideralions  which  can  aJooe  determine  ths 
Atomic  weiglit  uf  a  coinpouad  body.oiid  liis  chosen  formuln  for  tha  two  bvdrocarbou 
were  rerj  doabtftil  improTements  upon  tboce  which  originally  suggcated  taWDMlrai  to 
him  (aoe  Atomic  Wbiohtb,  i.  4fi3).  But  long  after  many  of  Dalton's  eqtUTalenft  atoonc 
weights  bad  been  replaced  by  molecular  atomic  weights,  the  term  equiralent  continued 
in  general  ose  as  a  mere  synonym  for  the  term  atom.  The  different  meaning  of  the  tws 
words  was  first  pointer!  out  by  Laurent  and  Qerhardt ;  but  it  is  only  within  these  recent 
days  of  polyatomic  radicles  that  the  distinction  has  berome  fully  rl^cogni8ed.  Equips 
lency  is  quite  independent  of  an  equality  in  the  number  of  atoms,  but  relates  aolvij 
to  functions  nii<l  rt^-lations  ;  and  the  preriously  assumed  identity  of  the  eqaivalrBt  of  • 
body  with  its  atomic  weight,  of  its  equivalent  with  its  atom,  was  most  illogical.  ForK' 
represents  three  utoms  of  potAssiuio,  and  Bi'"  one  atom  of  bismuth  ;  but  the  two  expr«t- 
■lous  correspond  to  the  «am«  equivalent  or  rpprosentatire  Tallies.  On  the  other  hand, 
there  is  no  equiralency  between  an  atom  of  potassium  or  bismuth  with  an  atom  of  sib- 
eon  or  tin.  In  order  to  have  equiralencj  between  two  or  more  Ijodies,  they  must  all 
stand  in  the  same  r»*lafion  to  eome  definite  stiitidard  of  oomp«irisou. 

Wlj^n  the  eame  body  has  several  functions,  it  is  likewise  poweased  of  seTeral 
equivalents.  Many  of  tFie  elements,  for  iiiatance,  have  two  or  more  distinct  inter- 
changeable  raloea  for  hydrogen.  Thus  I  pt.  by  weight  of  hydrogen  may  be  displaced 
either  hj  28  pts.  of  iron,  ai  in  ferrous  dilonde,  or  by  187  pt».  of  iron,  as  la  feme 
chloride,  aad  moreOTer,  187  pts.  of  iron  in  ferric  salts  may  be  directly  exchanged  for 
28_pts.  of  iron  in  ferroui)  sails.  It  is  evident  that  the  metal  in  ferrous  salts  is  io  a 
different  state  fi-om  the  metiil  in  ferric  ealts,  and  that  we  may,  if  we  please,  call  ths 
former  f^rroenm.  and  the  latter  fcrricum.  Then  the  equirident  of  ferrosum  will  b« 
28,  and  thiit  of  ferrioum  187.  Similarly,  we  have  iimvuro*um  with  an  eqoiralenl 
of  200,  and  mcrcurimm  with  an  equivalent  of  100 ;  platinomm  with  an  equivalent 
of  fl9,  and  flattnicum  with  an  equivalent  of  -lOfi;  ttunitonm  with  an  equivalent 
of  69,  and  ttunnicum  with  an  equivak'nt  of  29'5.  &c.  Assuming  the  correctness  of 
the  atomic  weights  adopted  in  this  volume,  the  above  equivalents  will  bear  to  theii 
correi<pondiug  atomic  weights  the  rolatioua  indicated  below. 


E»jiil 

mletit  Wrl^hti. 

Atomic  Wr-tKhU. 

nci 

H       =         1 

Ilydrochloric  acid 

H'Cl 

H'     - 

1 

F.C1 

Fe    =.    28 

Ferrous  chloride 

Fe'Cl 

Fe     =. 

28 

ffeCl 

ffe     -     187 

Ferric  chloride 

Ffe'Cl* 

Ffe-  - 

6S 

HhgCl 

Hhg«  200 

Mercurous  chloride 

Hhg'Cl 

Hhg'  = 

pT  - 

200 

HgCl 

Ug   «.  100 

Mercuric  chloride 

Hii'CI 

100 

PtCl 

Pt     -     &9 

PlatinouB  chloride 

Pt'a 

99 

ptCl 

pt      -     49-5 

Pliitinic  chloride 

Pt-a* 

Pt-    - 

99 

fitna 

Btn    -    £9 

Stannous  cbloride 

8n"Cl» 

Sn-    - 

118 

snCl 

an    «    29S 

Stannic  chloride 

8n""Ci' 

Sn-  « 

118 

I 


If  the  atomic  weights  of  a!l  the  above  metals  and  their  respective  chlorides  shoald 
have  to  he  doubled,  as  seems  highly  probable  with  regard  to  some  of  them,  their 
equivalents  would  still  remain  unaJtered.  It  is  curious  that  Oerhardt,  who  established 
the  true  ntomic  weightB  of  oxygen  and  carbon  in  lien  of  the  equivalent  weights  pro. 
posed  by  Dalton,  ana  who  flist  pointed  out  the  distinction  between  the  atomie  weight 
and  equivalent  of  a  body,  should  have  sought  to  make  the  atomic  weights  of  all  the 
metjils  correspond  with  their  respective  hydrogen  equivalents.  Thus  he  not  only 
wrote  ferric  chloride  feCl,  and  platinic  chloride  ptO,  nut  looked  upon  the  proportioM 
represented  by  fe  and  pt  in  the  two  compounds  as  the  atoms  of  the  respective  metals 
ferricum  and  platiiiicum  ;  while  Laurent  contended  even  more  strongly  that  thoy  bad 
every  right  to  be  so  considerf'd.  But  the  same  class  of  arguments  which  induces  u 
to  regard  the  atomic  weij^hts  of  the  chlorous  elements,  wilphur  and  pbosphoms  for 
instance,  as  l>eing  twice  and  three  times  as  great  as  their  respective  equivalents,  mnat 
induce  as  to  regard  tlie  atoms  of  the  busylous  elemental,  ferricum  and  platinicum,  a» 
mtiltequivalent  alno.*     Gerhardt's  fornmhe  are  perfi?otly  adnxisiiible  and  occasiooally 

♦  tl  U  eT(dOTl  that  the  atrrm  of  ferrlriiTn,  or  the  tmnllMt  iudiriilbte  praponlon  of  remcura  whtch  eu 
Sotcr  inito  a  cointiiu.Klun,  li  twicic  u  tK-Avy  a*  the  atom  of  (errotum,  and  not  two-thfrda  «  iMwr 
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T«f7  MmnietidAble,  if  lued  tnerel/  to  typresetit  oqaivident  qtuntitiM,  but  tber  cannot 
br  correctly  tiwd  to  repreeent  the  atomB  of  the  elemontA  or  their  8maUe«t  indiTinible 
cnmbiaing  proportions ;  indeed,  Gerliardt  luDiaalf,  after  he  had  began  to  employ  the 
inultequinlent  compound  mdiclea  presently  to  be  deacribed,  waa  more  and  more  dir 
poaed  to  regard  hia  aymboU  aa  mere  expresaiona  of  equiTalent  quantitiea  and  not  o/ 
atomic  veighta. 

The  doctrine  of  eqaivalener  ia  not  by  any  means  confined  to  elementaiy  bodiaa,  but 
is  applicable  to  aU  the  raneties  of  coupounds,  real  or  hypothetical,  with  which 
chemiata  are  arouainted,  and  more  particularly  to  thoeo  gronpuiga  which  are  denomi- 
luated  oompoano.  radicles.  Whether  or  not  wo  udmit  the  independent  exiBtence  of 
preformed  compound  radicle8»  it  ia  indisputable  that  certain  ^upings  of  atoms  are 
eapable  of  being  transferred  horn  one  combination  to  another  in  exchange  for  an  atom 
of  hydrogen,  or  chlorine,  or  metal;  or  in  other  words,  are  capable  ot  replacing 
hydiogeo,  chlorine,  or  metal  by  equivalent  eubHtitution.  Thus  we  can  transfer 
the  molecalor  groapings  which  we  denominate  cvanogen,  CN;  amidogen,  Nil*;  per- 
oxide of  hydrogen,  110 ;  benxoyl,  C'B»0 ;  acetyl,  (>H»0 ;  ethyl,  C«H» ;  amyl,  OH",  &c^ 
from  one  compound  to  another,  in  exchange  for  one  another,  or  for  hydrogen,  or  its  re- 
presentatiTee,  with  a  facility  by  no  menns  inferior  to  that  with  which  we  effect  actual 
elementary  substitutions;  and  for  a  long  time  past  these  groupinga  have  been  looked 
upon  as  the  repreaentatires  or  equivalents  of  one  atom  of  oydrogeo.  But  the  notion 
of  multequiTttlency,  in  relution  to  compound  radicles,  is  much  more  recent,  it  having 
been  first  announced  by  Williamson  in  1861,  and  then  not  as  a  consequence,  but  us  an 
anticipation,  of  its  alreudT  described  application  to  aoTeral  of  the  basylous  metals, 
which  was  first  advocated  by  the  author  of  thia  article  in  I8o4-66.  Just  as  we  can 
exchange  an  atom  of  ethyl  (C*H*)'  or  cyanogen  (CN)'  for  one  atom  of  hydrogen,  so  can 
we  excnange  an  atom  of  BiJphurj'l  (SO')"  or  earbonjl  (CO)"  or  oialyl  (CO*)'  or 
ethylene  (C'H')''  for  two  atoms  of  hydrogen,  and  an  atom  of  phoapboryl  (PO)*"  or 
glyceryl  (C'll')"*  for  thre*.  atoms  of  hydrogen,  &&  Ac 

A  multequiralent  radicle,  whether  elementary  or  compound,  ia  chiracterised  by  the 
property  of  combining  aeverml  atoms  or  residues  into  one  more  complex  atom,  and  is 
hence  spoken  of  as  polyatomic,  the  routtequi valency  or  polyatomicity  of  radidea 
being  indeed  one  and  the  same  function,  lonkM  At  from  a  somewhat  diffiuent  point  of 
view.  Comparing  chloride  of  bismuth,  BiCl',  with  chloride  of  hydrogen,  3HCI,  for 
instance,  the  atom  of  bieroath  is  trieqaivaleDt,  inasmach  as  it  displaces  three  utoma  of 
hydrogen,  and  it  i8trialomi*\  inasmuch  as  it  unites  the  three  chlorine  residui^  intooas 
complex  atom  or  molecule.  Again,  the  diequivulont  radicles,  ethylene,  CW,  and  sul- 
phuryl  SO',  by  their  sabstitution  for  hydrogen,  bind  together  the  residue*  of  two  atoms 
of  hydrochloric  acid,  of  two  atoms  of  water,  of  two  atoms  of  ammonia,  &c.  &c..  and  are 
consequently  diatomic.  Thus  we  have  ( CH^fCP  and  (S0»)"C1*  comparable  with  2110, 
(CH')'HH)»  and  (S^-HK)'  comparable  with  2H»0,  and  (C*H*)'B'N»and  (SO»)-H*N» 
comparable  with  2H*N. 

Ity  referring  to  the  article  Cuissificatios,  it  will  be  seen  that  in  every  definite  mole- 
cule the  sum  of  the  equivnleocies  or  atomicities  of  the  constituent  radicles,  whether 
eJpraentary  or  compound,  ia  always  an  even  number,  and  that  ti»  equivalency  or 
atomicity  of  a  radicle  increases  by  one  unit  for  every  atom  of  hydrogen  or  hydrogen- 
substitute  alifttrtictcd  from  the  molecule.  In  the  case  of  marsh-gus,  CH*.  for  instance, 
by  abstracting  H'  we  have  the  uniequivalent  radicle  methyl  (CH*)',  which  combines 
with  one  atom  of  chlorine  to  form  chloride  of  methyt  (CH')'CS ;  by  abstmcting  H*  we 
have  the  diwjuivalent  radicle  mei&i/fene  (CH*)",  which  combines  with  two  atoms  of 
chlorine  to  form  dichloride  of  methylene,  (CH^jXl*;  by  abstmctbg  R*  we  have  the 
rriequivaient  r*dicle/i>rwiy  (CH)"*,  which  unites  witli  three  atoms  of  chlorine  to  form 
trichloride  of  formyl,  (CH)"'Cl' ;  and,  lastly,  by  abstracting  H*  we  have  the  tetr«)ui- 
Talent  radicle  carbon  CT*.  which  combines  with  four  atoma  of  chlorine  to  form  tetra- 

Similarljr,  the  imiineit  proportion  of  pl«tln(ruin  ihai  can  imter  rnto  a  ronbliutlnn  hai  the  Mra«  ■ei«hu 
And  not  onr-lialf  the  wr^ight,  of  ui  »mm  of  pUiJnomim.  Hjr  rpduclng  all  chloride i  mid  utidM  (o  (•ro(o- 
«hli»rid<*»  anil   (iroloxido*.  w^  tpnor^  !•>•'  foHnwlnK  lactn  :  — 

I .  Th«i  r*  ete  U  a  ureal  dUtinctinn  in  prorerllri  bctvcni  protoiaU*  and  di-  or  »r»qai'«alu.  Alunil. 
mum,  riirtn«Unri>,  (orma  but  one  leC  of  lalU  :  tht*r  tnlghl  vrrj  vrll  tw  contUl'-rrd  ai  prnto^alti,  but 
thej  are  Dot  lo  coaildered,  *lm]i1f  brcau»(i  their  prupeniei  are  alto^hrr  diflVrtni  {n>m  tboM  of  pro. 

tOMlU. 

S.  TKat  in  wll-d^Antvl  molrcultf.  we  rarely  And  w>  imall  a  qiiani  tjr  of  platlnlrutn.  or  of  rerrinim.  ai 
Cfirrrtpond*  wlUi  Gerhardt'i  mtomic  welgliU,  but  twice  tlir  former,  and  tbre«  tlmrttbr  lalirr  quaoiliy, 

HyJitichlonitrorplatlrtivniine  HCI.NHit'    I     Iron.alum      .  ...        «^K(SO«)S. 

Htdn<ctilur«t<>ar>lipl.itin.\mir>e    .    HO  K'H^nti         Mugiieilc  oxfde  oflron         .       ,       fe'FrO'''. 
AmmoBlo-chlorld^of  plJiUnum    .    NH*Ll4Jt'iV    | 

t,  Tliflt  twicfr  Dl  uid  thri-r  Omt»  ff,  et,  «!,  Ac.  are  iiiitalijr  lh»  8ma)lMt  r)vnnlltie«  "f  pt  and  tt,lte^ 
thHl  mi  rriult  (rotn,  or  rllfct,  thote  reartioiit  in  whlcti  ibe  rrartictd  rjuantttiv*  arc  deterintDed  tjf  Um 
ajnuimt  of  tome  other  element  caocerai-d,  thii»  :  — 

K»o.Cr*o»  4  n\a  ^  2Ka  +  arrci  ♦  <H»o  >  aci. 
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plbloride  of  t^Arbon,  C"Q*.  Again,  it  will  be  often  found  tfiat  tli<>  Mine  ndide  tu«,  and 
must  hiAve,  two  or  more  distmct  equiTuleucies  or  atomicitifB.  Thus  the  nidid«  C*H*, 
when  rcBulting  from  the  dchydrogrnution  of  tritylene,  C*H*,  is  uniequivalent  or  dmi- 
Btomicv  *tid  uuit«»  with  one  atom  of  chlorine  to  form  cliloride  of  allyi,  (C"H*)'C1 ;  but 
when  reflulting  from  the  dehydrogenation  of  hydride  of  trityl,  C'H*,  it  is  tri«jQtr». 
lent  or  triatomio,  and  uniteawith  ^ree  atoms  of  chlorine  to  form  trichloride  of  glyoayl 
(C*H**'Cl').  But  bow  it  ia  that  these  rektioni  iuVwrist,  and  why  it  is  th»t  t^  must 
flobsiat,  h*Te  been  already  fuJly  coasldcred  in  the  artid«  on  Cj-assificatiosc,  aboT«  re- 
ferred to. 

Thp  notion  of  equivalency,  hitherto  eipmpUflpd  in  its  application  to  elementaJT  and 
compound  radicles,  may  likewiae  be  eilended  to  molecules,  though  with  a  leaa  oegna 
of  preciaioD.  Thus  pvery  molecule  containmg  a  displaceable  atom  of  hydrogen,  «r  Uw 
reprewntative  of  a  displHced  atom  of  hydrogen,  is  in  one  Bcuae  equiralent  to  a  moiecvi» 
of  hydrochloric  acid,  HCl,  or  t«  the  double  atom  of  hydrogen,  H* ;  but  in  aaothtt 
sense  it  may  be  equtvaletit  to  reiy  many  such  moleculea  or  double  atoma.  For  uwt«ne«, 
a  molecule  of  water,  H'O.  is  in  one  sense  equivalent  to  a  molecule  of  hydrochlohe 
acid.  HCL  Both  moleculea,  when  treated  with  metaUic  soditun,  lose  an  atom  of 
hydrogen  in  exchange  for  an  atom  of  sodium,  which  remains  combined  with  the 
residues,  CI  and  HO  respectively,  which  residues  are  capable  of  being  freely  cxcban^ 
for  and  are  consequently  equivalent  to  one  another ;  as  in  the  following  example :  — 
NO. CI  +  Na.HO  -  NO.HO  +  Na.Cl,— «o  that  we  have  H«  fquiraJent  to  HCl,  eqdia- 
lent  to  HK).  Again,  the  molecule  of  sulphuric  acid,  H'SO^,  is  equivalent  to  a  nuil»> 
eule  of  hydHwhloric  acid  or  of  water;  for  we  are  acquainted  with  scores  of  inataocM 
ill  which  the  molecules  HCl  and  H'SO*  eifect  precisely  simiUr  reacCions,  or  in  which 
the  residues  CI  and  HSO^  are  mutually  interchangeable,  thus: 
JC»H»t)    +  HCl      =  C--H*.Cl        +  HH) 

lcm*o  +  wm>  =  c=H*.Hso*  +  h*o 

C'H*C1  +  H»SO'  -  C*H*.HSO*  +  HCl 

But  in  other  cases  we  find  the  molecules  of  water  and  aulpharic  acid  equirtleiit 
two  molecalea  of  hydrochloric  acid,  thua : 

B^O*  +  Na»  -  Na»SO«  +  H« 
H^  +  Nh»  =  Na'O  +  H' 
2flCl    +  Na»  »  2Naa    +  H» 

Moreover,  though  in  the  above  instances  the  molecules  of  sulphuric  add  and  water  an 
equivalent  to  one  another,  yet  in  other  instances  one  molecule  of  sulphuric  add  is 
cqatvalent  to  two  molecules  of  water,,  thus:  — 


CBS 


H»SO*  +  2PC1»  ■■ 
2H»0    +  2PC1* 


SOJCl*  +  H*CT  +  2PC1»0 
.    H»Ci*  +  RKV  +  2PCTO. 


Or  the  molecule  of  hydpochloric  acid  being  equivalent  to  two  atoms  of  1  , 
the  molecule  of  water  is  equivaleat  sometimes  to  two,  sometimes  to  fonr,  i 
hydrogen,  and  the  molecule  of  sulphuric  acid  to  two,  four,  Hix,  or  eight  atoms, 
We  have  wlready  seen  that  martih  g»a,  regarded  as  hydride  of  methyl,  CH'.H,  is  M 
▼alcnt  to  two  atoms  of  hydrogen  ;  but  regarded  as  dihydride  of  methylene,  CH'.H',  J 
is  e^juivalent  to  four  atoms  of  hydrogen  ;  regarded  as  trihydride  of  formyl,  CH.H*,  itii 
equivitlent  to  six  at/ims  of  hydrogen  ;  while  repnrded  as  tetrahydride  of  carbon,  CTIH*, 
it  is  equivalent  to  eight  atoms  of  hydrogen.  We  thua  arrive  at  the  conclusion,  tliat 
the  maximum  eqaivalency  of  any  molecule  is  the  sum  of  the  equiralencdea  of  its  tttt- 
stitueat  atoms,  whilst  its  minimum  equivalency  is  that  of  the  mont  M'mpI*  type  ic 
which  it  can  be  referred.  Generally  speaking,  however,  when  comparing  the  equiva* 
l«-ncie»  of  more  or  less  similarly  functioned  bcdies,  we  consider  them  to  be  formoUtMl 
upon  tb<>8e  types  with  which  their  most  characteristic  reactions  correspond.  Tbna, 
although  every  dibasic  ncid  is  of  necessity  monoba«ic  also,  and  capable  of  undcrgipinf 
a  whole  seriis  of  reactions,  and  producing  a  whole  series  of  compounds,  which  are 
strictly  oompamble  to  those  of  an  undoubted  monobasic  acid,  yet  we  seldom  refer  it 
to  A  monutomic  type,  but  remember  only  its  more  eharvicterLstic  dibasic  habitudes^ 
and  represent  its  equivalency  as  douMe  that  of  a  monobasic  acid.  For  OTrampU  ^^^ 
do  not  usually  accord  to  sulpliuric  acid  Ihe  formula  H  (HSO*)' comparable  with  HCl, 
and  equivalent  to  two  hydroK^^n -atoms,  but  rather  the  formula  H*  (SO*)"  compuifals 
with  2 HCl,  and  equivalent  to  four  hydrogen-atoms,  and  so  in  other  instAnces.     W.  0> 

1SKBZ1J3V.  The  metallic  radicle  of  erbia,  one  of  the  earths  associated  with  yttria. 
li.s  atomic  weight  has  not  been  determined 

Erbitt  was  discovered  in  184S,  by  Mosander  (Ann,  Cb.  Pharm.  xlviii.  219).  iti 
oaaie  is  derived  from  Ytterby,  the  locality  of  gadolinite,  in  which  nuocriU  crliia  occun 
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tOfMher  with  jrttn'a  and  tcroia.  Thew  three  earths,  which  were  formerlj  confoanded 
tofrptber  auder  the  general  name  yttria,  differ  from  one  Another  in  basic  power,  erbia 
bein;:  the  we&kest ;  but  nn  complete  method  of  «?piirating  them  huR  jet  b<*en  diacoTercd. 
A  pnrtini  •eptmition  is  effected  by  fractional  precipitation  with  enuatic  ammoniii  from 
thf  solation  of  the  nitrates,  or  with  acid  oxjJiite  of  potaarinni  from  th:»t  of  the 
Bulphaten,  erbirt  psing  down  firsts  then  torbia,  and  lastJj  jttria.     (Set  YrrRfvn). 

Erbia.  obtained  by  igniting  the  prwipitafed  hydrut**,  has  a  deep  yellow  colour; 
when  prepitred  by  igniting  the  oxalate  or  the  nitrutn,  it  ie  lighter  in  colour,  pmliably 
on  account  of  finer  meohanicid  diTisIon,  When  ignited  in  hydrogen  ^hb.  it  yield*  a 
email  quantity  of  water,  and  bccomea  colourless.  It  di.<tsolveB  in  hydroehtoric  acid 
witJiont  peive'ptible  evolution  of  chlorine.  The  aolntiouj.  of  ita  salts  are  coloorlc«e. 
The  solphat*  hoa  a  aweetiah  taste,  and  arataUiae*  like  sulphate  nf  terhia  (9.  p.).  bot  ia 
distinguiahcd  therefrom  by  not  effloreaciog  at  80°  C,  even  when  kept  at  that  temp«a«- 
turc  tor  a  week-  The  aolution  of  the  nitrute  doea  not  become  coloured  when  concea> 
tnUed;  and  the  aalt,  which  forma  radiating  cryatala,  often  colourleisa,  but  BomettmM 
with  a  reddish  tinge,  does  not  deliqaeece ;  in  both  theae  re^>e<tta,  it  differs  from  aul- 
phate  of  terbio. 

SRBHAOAVSZS  or  I^caff^  A  slow  combustion  takinis;  place  in  presence  of  air 
»nd  water,  aD<l  accompanied  by  a  kind  of  fermentation.  The  water  doubtlojM  acta  in 
thia  process  in  the  aame  manner  aa  in  the  rusting  of  iron,  viz.  by  absorbing  the 
oxygen  of  the  air,  and  tranafen-ing  it  in  the  liqnid  form  to  the  conalitnonts  of  the 
OT^oic  compound.  Simple  oxidation  of  organic  subntancos  in  the  uir,  such  aa  the  con- 
version of  aldehyde  into  acetic  acid,  or  the  reHining  of  volatile  oila  by  eX{K>sQre  to  the 
air.  lire  not  genendly  regardt«d  aa  instances  of  cremacaosis. 

In  eremacan^is  or  decay,  the  carbon  and  hydrogen  of  the  compound  are  converted 
by  combustion  into  carbonic  acid  and  water,  while  the  nitrogen  either  escape*  in  the 
fono  of  ga!«,  or  i»  converted  irdo  nitrous  and  nitric  acid.  Aj  in  this  proeem  the  com- 
pound continually  loses  more  and  more  «irl>on  and  hydrogen,  it  might !«  snpponed  that 
the  residue  would  become  continually  richer  in  oxygen.  This,  however,  ia  nut  always 
the  case.  For  while  the  carbon  of  the  compound  is  combining  with  the  oxygen  of 
the  air  and  forming  carbonic  acid,  it  is  possible  that  a  large  portion  of  the  oxygen 
contained  in  the  compound  may  go  off  with  the  hydrogen  in  the  form  of  wate'r,  so 
that  the  residue  may  become  richer  in  carbon  than  the  original  compound.  Such, 
according  to  Sauasure,  is  the  proceas  which  takes  place  in  the  dc^ay  of  wood,  and  ita 
conversion  into  humus  or  mould,  a  robotance  which  is  richer  in  carbon,  but  is  nfler- 
warvls,  by  a  further  process  of  decay,  completely  converted  into  carbonic  acid  and  water. 

A  •b'caying  substance  may  bring  other  bodies  int/)  the  Hiate  of  slow  combostion. 
I)ocaying  organic  substaneea  surrounded  with  a  mixture  of  hydrogen  gas  and  air  or 
oxygeOf  ntnae  it  to  condense  in  the  form  of  water  (Saussnre).  Decaying  substanree 
in  contact  with  water  and  alcohol  cause  the  latter  substance  to  oxidise  and  form 
■eetic  acid.    (Liebig.) 

Eremacausis  ia  accompanied  by  evolution  of  htat',  which  in  most  caiws.  in  conee- 
qnence  of  the  slowness  with  which  it  take«  place,  and  the  cooling  produced  by  surround- 
ing objects,  amnutits  to  only  a  few  degrees,  bat  when  large  mass*^*  are  concerned,  may, 
nnder  fuvonrable  drcuttistances,  rise  to  such  a  height  as  tA  induce  rapid  combustion 
(aee  CoMncsnos.  i.  loyS).  In  some  few  cases,  eremacaoaia  ia  attended  with  derekp- 
ment  of  li^kt,  aa  in  decaying  wood,  &c. 

With  n^gard  to  the  behtiviour  of  nitTOgen  in  eremacauais,  a  great  nnmber  <i^  par- 
ticulars have  to  be  observed, 

1.  The  nitrogen  of  an  organic  compottnd  eicapes  in  the  form  of  gas,  especially  if 
the  air  has  bee  acceaa,  or  the  compound  ia  exposed  to  the  aun,  and  no  salifiable  baaea 
are  present, 

2.  It  ia  converted  into  nitric  add,  especially  with  free  access  of  air.  in  the  shade, 
and  in  preaenee  of  a  saliflable  baae,  which  fiivonrs  the  formation  of  the  nitric  acid. 
This  boM  may  Ite  potash,  soda,  Ume,  or  nuignesia,  in  combination  with  carbonic  acid 
or  a  vegetable  acid :  for  the  carbonic  acid  escapes  u  fiist  as  the  nitric  acid  comee  in 
contact  with  the  potash,  and  the  organic  acid  is  destroyed  by  the  slow  combnstion. 
The  ammonia  producefl  by  fermentation  in  the  interior  of  the  masa  may  also,  when  it 
reaches  the  surface,  induce  the  oxidation  of  the  nitrogen  which  is  tliere  being  set  ft*©, 
and  form  nitrate  of  ammonia  by  combining  with  it,  as  wa«  formerly  observed  by  Thaer 
and  Einhof  in  the  putrefaction  of  cow-dung.  If  fixed  salifiable  bases  are  present,  the 
nitj-Kijen  of  the  ammonia  itself  may  also  be  oxidised  and  converted  into  nitric  acid. 
(Kiililmann.)  A-'conling  to  Vaudin's  experimenta,  the  formation  of  nitric  aoid 
appears  to  be  preceded  by  that  of  nilrou.«  acid. 

3.  The  nitrogen  of  the  compound  unites  with  it*  hydrogen,  and  forms  smmoniA. 
which  generally  escapes  aj<  carbonate.  This  ammonia  is  not  ao  mneh  a  prtxloct  vi 
crrmncati«is  iia  of  fermentatioa 
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4  Non-azotiB(Hl  oxganic  eomponnda  appear,  unHtr  certain  cucumstancei;  to  tlaocb 
nitrogt-n  from  tbe  air  during  ereinacauiiia,  either  in  llie  form  of  anunonia  or  of  attroos 
acid. 

Extract  of  Huotcifamm,  when  kept  for  a  long  time,  forms  carbonate  of  ammonia  in 
the  interior  of  its  mass,  bat  becomes  ooverod  OD  the  sor&ca  with  needles  cf  nitrate  of 
aronuinia.     (Fhischoff) 

Tbfl  leaves  of  niaiigol«iwnrz«?l,  grown  on  a  poor,  sandy  soil,  do  not  contain  any  per^ 
ceptible  quantity  of  nitro  (those  which  grow  on  a  rich  k)il  contain  a  conn^ieni- 
bie  quantity),  but  chiefly  mulute  and  oxalate  of  pota^icm.  But  when  nuptDdcd 
on  toreada  fur  some  months,  they  become  thoroughly  penetrated  with  nitre  and 
covered  with  fine  crystaK  nitric  acid  having,  in  fact,  been  formed  by  decouipaai' 
tioQ  of  the  asotised  matter  in  the  leaves  ;  the  oxalate  and  nialHt«  itre  found  to  hart 
disappeared  entirely.  (Braconnot,  Ana.  Ch.  Phys.  xxxv.  261;  alao  Po^.  Am 
X.  608.) 

Extract  of  qnassta,  after  a  year's  exposnre  to  the  air,  contains  more  nit«  than 
it  would  contain  if  kept  for  the  same  time  io  dose  vewels.  (Plane he,  J.  Phann. 
xxiii.  648.) 

Extract  of  Boratjo  officinalis,  when  not  sufficiently  evaporated,  gives  off  nitiie  oxids 
gu  on  being  Hlirrt-d.     (Guibourt,  J.  Phann.  xii.  134.) 

The  aqueous  inftwion  of  orange  leaves  evaporated  in  the  air  on  flat  dishes,  vi^lds, 
according  to  Vuuiiin,  an.  extract,  which,  if  fipo-ied  for  a  few  hoars  to  damp  air.  ud 
then  collected  in  a  pot,  swells  up  conaidemLly,  from  evolution  of  Ditroua  acid,  and 
oontinuea  for  some  mouUis  to  give  off  this  gas,  whenever  it  is  stirred. 

It  appears  to  bp  the  woody  fibrt*  of  plnnts  which  more  especially  attracts  the  nitro- 
gen of  the  air ;  and  the  nitrogen  thus  absorbed  takes  up  oxygen  and  rvmaizu  combioMl 
with  the  woody  fibre  in  the  form  of  nitrous  acid,  till  that  acid  is  trunsforraed  into 
nitric  acid,  which  then  unites  with  the  potash  and  lime  contained  in  the  aalta  of  th» 
vegetable  adds  preseat.  When  Hquorico-woad  is  exhausted  22  times,  firsit  with  ontd. 
and  then  with  hot  water,  the  lust  extract  still  gives  off  nitrous  fumes  when  treated 
with  tartaric  acid.  The  juice  expressed  from  the  fresh  herb  of  Lycopsis  arvmM  con- 
tains neither  nitrous  acid  nor  nitre :  bat  the  exhsucted  residue.  aft#r  four  wrrfci' 
exposure  to  the  air,  yields  with  hot  wntor  an  extract  which  gives  off  nitrous  add  when 
treated  with  tartaric  acid,  and  deflagrates  on  red-hot  coals,  Wlien  Iccl.ind  mow 
(Lickm  itlandicut)  is  several  times  exhausted,  first  with  cold  and  then  with  hot  w«ter. 
M)d  exposed  to  the  air  for  some  time  after  each  immersion,  all  the  extracts  yield  nibow 
acid  and  nitre.     (Vaudin,  J.  Chim.  mM.  i.  674  ;  ix.  321.) 

When  the  air  has  but  partiftl  access,  part  of  the  hydrogen  of  the  organic  com,, 
apppars  to  combine  with  the  nitrogen  of  the  air  ana  form  ammonia,  which  can 
supply  the  requisite  quantity  of  nitrogen  to  the  fungi  which  grow  upon  these  ]«! 
ing  .Htib^ilances. 

When  an  aqueous  solution  of  milk-sugar  or  common  sugar  is  left  for  three  uumths 
in  a  stoppered  brittle,  together  with  a  sevenfold  volume  of  air,  and  the  mould,  wbicB 
is  produced  in  particular  abundance  from  the  milk-sngar,  is  subjected  to  dry  dLftUk- 
tion,  s  large  quantity  of  ammonia  is  obtained  ;  hence  there  has  been  produced  is  tJM 
fungus,  together  with  cellulose,  a  nitrogenous  substance,  doubtlcaa  of  albununoos  Datim ; 
ff*r  when  the  fungus  produced  fnym  milk-sugar  ia  digested  in  acetic  acid,  a  hqiud 
is  obtained  which  gives  a  precipitate  with  fcrrocyanide  of  potassium.  Stareh  from 
arrow-root,  when  kept  under  water  in  a  bottle  also  containing  air,  soon  Ifccome*  veiy 
livrbid.  iind  in  ten  weeks  forms  a  white  depa^it,  together  with  a  laige  qiian^'tr  k. 
mould  in  the  ma&<(,  and  finally  also  a  bttle  on  the  surfiice.  A  fungus  of  this  kina  ob- 
tained from  potato-stjireh  yielded  strong  traces  of  ammonia  when  subjected  to  diy 
distillation.  A  mixture  of  bumic  acid  and  sugar,  moiHtened  with  a  small  quantity  <^ 
water,  and  kept  for  six  mouths  in  a  closivl  ^-cssel  containing  air,  gives  off  a  large  qoso* 
lify  of  ammonia  when  treated  with  potash.  In  a  similar  manner,  woody  fibre,  whiA 
putrefies  with  scaoty  access  of  air  in  the  lower  strata  of  a  vcgetablA  aoil,  appeatt. 
form  ammonia,  part  of  tlie,  hydrogen  of  the  wood  combining  with  the  ozygeo  of  '' 

air,  and  another  portion  with  the  nitrogen.      This  ummonio,  according  to  

supposition,  may  be  afterwards  transformed  into  nitric  acid.  In  this  manner  vt 
mignt  totpLain  the  formation  of  tiitre  in  the  caves  of  Zeilan  described  by  J.  Davy, 
where  no  animal  substances  can  be  discovered  [there  are,  however,  nitrogrooas 
T^getable  matters  present] ;  also  the  formation  of  nitre  in  India,  Spain,  E^i^y^it,  in  tb 
grottoes  on  the  banks  of  the  Seine,  and  in  many  cellars.  (Mulder,  J.  pr.  Cb«a. 
xiiii.  326,  344.) 

Damp  wt>od.  putrefying  in  confined  air,  converts  the  oxygen  of  the  air  into  an  equl 
To!nme  of  carbonic  anhydride,  producing,  at  the  same  time,  much  more  \rat«r  this 
carbonic  anhydride  (San ssu re).  At  the  same  time,  however,  a  small  qnantitrof 
nitTOgen  ii  absorbed  &om  the  air,  and  some  of  it  ia  coareitod  into  ammoai^  vhib 
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Ui«  n'TnaindiT  entcra  hb  nitrogipn  into  the  compo«iitIon  of  certain  firngcnd  subetnaoaaij 
<rhioh  arc  formal  ut  tho  »anio  time.     (Uermann,  J.  pr.  Ch«ui.  xxni,  165.) 

Mucy  orgiiixie  conny>un<ljj  do  not  undergo  «Iow  combuktioa  nt  onHnary  tempnaturec 
or  in  the  t^rk,  bnt  exhibit  ibat  phonomeoon  wfaen  inod*r<itel/  beaU>d  or  «xpoa^  to 
lij^ht,  eBpecially  to  direct  sunBhiiie. 

Air  u  aecevRury  us  well  as  beat;  sabstance*  -which,  bi'twppn  100*  and  120°  C, 
MAvIK)  altcmtinn  out  of  conta<^  of  air,  docompoM  in  tbe  air,  crea  when  bat  slightl/ 
t—trt.     (Chevreul,  Annli/te  Orgcniqitr,  p.  69.) 

Com|ioandA  which  rpinain  nnaltercd  wh»«n  exposed  to  tbe  air  at  mf^dium  temp^rn- 
tiire«  in  the  dark,  Woome  chanppd  wh^n  likewise  espoa<'d  to  light.  These  cbttngi>«, 
4ue  to  the  actioD  of  light,  are  especially  coospiououa  in  many  organic  ccklounugmatteni, 
nich  as  indieo,  pnu«ian  blue,  sajfflower,  tonaeric,  and  tbe  colours  of  luiinj  dowers  irhicb 
w  bleach ra  thereby.     (CheTreul.) 

Coloar^  fabrica,  e.g.  silk  and  wool  dyed  with  eafflowtT,  weld,  or  tunneric,  which 
(^mdnally  fedo  on  exposure  to  «unlight,  suffer  the  aame  change  in  an  hour  or  two» 
when  subjecteii  in  the  dark  to  a  heat  betwe«>n  160^  and  200*'  C,  the  air  having  aecwa 
to  them  at  the  same  time.  (Qay-Luasac  and  Th6nard,  lirchcrc/ut  pkt/tieo' 
cAimiquet,  ii.  166;  Om,  vii.  96.) 


tfZTS.  A  nilicate  containing  cerium  (perhaps  an  impure  orthite)^ 
from  the  ialand  of  Stoko,  near  Brevig,  Norway,  where  it  occurs  in  dark  brown,  traoa* 
luct'nt-,  imbwlJed  grainti  and  folia,  with  no  truces  of  ery»talli«iition.  LuHtre  Titreooi. 
Specific  praTity  S'l.  Aeeordiiip;  to  a  prf  liminary  analysis  by  Blomstrand  (.Pogg.  Ann. 
Ixxxvii.  1681,  it  contain*  31-36  per  cent,  silica.  34*89  oxi<!es  of  cerium  and  knth». 
oum,  11-71  alumina,  6-46  lime,  8-62  ferrouj»  oxide,  0-S6  roaoganoos  oxide,  148  yttria, 
4-28  water  and  loss. 

XSmCZTB.  Tbe  name  giren  by  Shepard  (Sill.  Am.  J.  xxxii.  341  ;  xxxiii. 
70)  to  •  cfriferouB  mineral,  which,  accordiup  t«  HurxoliuB,  i»  perhaps  fluocorite,  but  ia 
regarded  by  Dana  as  mona^ite  (q.  v.),  aJthough,  accordiug  to  ^iiepiird,  it  contains 
fluorine. 

SBOOTXW.  The  actire  principl*  of  er(»ot  of  rye.  It  is  obtained  by  treating 
the  PTii^ot  with  etJjer  to  remove  fatty  and  waxy  matters,  digesting  the  residue  in  boiling 
&lcnhol,  concentrating  the  solution  by  evaporation,  and  prvoipitatiag  by  cold  water. 
It  i»  a  red-browB  powder,  lutving  «  sharp  bitter  taste,  invisible,  insoluble  in  water, 
eth^r,  and  dilute  acids,  soluble  in  alcohol,  strong  acetie  acid,  and  caustic  potash; 
•olphnric  acid  di.«9olvcm  it  with  red-brown  colour.  Its  action  on  the  animal  economy 
is  rtid  to  bo  slowly  but  mortally  narcotic.      (Wiggers,  Ann.  Ch.  Phorm.  i.  171.) 

S&ZCA  CASWBA.  This  planU  grown  on  a  magnoiiiun  limestone  soil,  and 
C-.tthi-ml  ill  Juno.  caTi'off4876  percent,  wat^-r.  M  lOd"  C.  and  the  dry  residue  yielded 
2-66  ash,  eontainjng  21-95  per  cent  K'O.  146  Na'O,  32  07  CaO,  14-28  MgO,  8  44 
Fi.»0»,  trace  of  manganic  oxide,  643  P»0*,  6-44  SO'.  3-d7  NaCl,  and  12  38  silica, 
(Hoihe,  Ana,  Ch.  Pliarm.  ixixvii.  118.) 

SKZCA.  V1IXOASZ8.     Syn.  with  Calluna  Yvioabxb  (i.  722). 

BKtCACBX.  According  to  Rochleder  (Ann.  Ch.  Pbam.  Ixxxiv.  368)  all  plants 
of  thiH  opier  conttiin  tnnnic  acids,  the  anhydrides  of  which  may  be  represented  by  the 
(pmend  formula  C'*H'»0'.  e.  g. 

R  Gallic  aaid  C"H™0"  in  Arrtostapbylos  uva  ursi 

Callutannic  acid  C'*H'*0*    „  Cdluna  vulpiris 

Rhodotannic  acid  C"H'*0'    „  Rliodoileiidron  fermgineura 

Leditannic  acid  C**H"0*   „  Ledum  palnstie 


aooording  to  Kuberth's  inveatigntions  {foe.  eit.)  Erica  herhacfa  contains  ■  similar 
acid,  the  anhydride  of  which  is  C"H'*0'.  All  these  acids  (exci^pting  gallic  acid)  turn 
ferric  salts  green,  form  a  ycUow  precipitnte  with  stajinic  chloride,  and,  when  he«t«u 
with  folphuric  or  hydrochloric  acid,  give  up  the  elements  of  water,  and  form  a  yellow 
or  red  eolooring  matter.  They  all  contain  ei*icoti  n,  a  volatile  oil  and  probably  alto 
small  quantities  of  citric  acid  (Rochleder').  According  to  Uloth(Ann.  Ch.  riiarra. 
cxi.  216)  all  ericaceous  plants  yield,  by  dry  dinttllation,  a  crjstalliaablo  substance 
called  ericinone. 

asKZCZMOX.  C"*H'*0.  A  product  of  the  decomposition  of  ericolin  (p.  &00) 
and  of  pinlpicrin,  obtained,  togetb*T  with  glucose,  by  dij(tilling  either  of  those  «ub- 
stanreH  with  dilute  sulphuric  or  hydro.  Iilnric  acid.  It  then  pn^sos  civer  h.^  a  Tolutilo 
oil,  colourless  at  first,  but  sooner  tuiiiing  brown,  frt»n>  oxidation  (Rochleder, 
fiehwarz,  and  Eawalier).      Its  formiition  from  ericolin  is  represented  by  dus 
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eqimtion,  C«H»^"  +  4H»0  =  4C«H«»0*  +  C'*H'-0 ;  and  from  pmipicrio.  bj  0«H»«0- 
+  2H»0  -  aC*H"0«  +  C'»H  *0. 

The  aame  rolattle  oil,  but  already  Bomevhnt  altered,  IB  obtAined  by  disHUinf  with 
water  the  Ipaves  of  Calluna  vulparit,  RhododfTidron  frrruffifteum  (Rochleiier^ 
Arctosiopht/Ioa  uva  urn  (Kawalier),  Ledum pduatrt  (Willigk),  and  Erica  AcrAons 
(Kn  berth). 

The  Tolatile  oil  of  Ledum  paitutre  is  a  mixture  of  eridnol  with  raleric  add,  anotbcr 
oily  acid,  and  an  oil  isomeric  with  oil  of  turpentine,  bailiag  at  160°  C.  When  freed 
from  the  hv'kU  by  repeated  agitation  with  (>otaah-ley,  then  washed  and  dehydrated, 
it  yields  l>y  distiUation  between  116°  and  160°  C,  a  mixture  of  ericinol  and  ooo- 
oxygenated  oil,  but  b'-twcen  236'^  and  250°,  chiefly  ericinol,  while  a.  rc«in  i«iiiain> 
liohind. 

Ericinol  thus  obtained  ia  a  bluish  ^>eD  oil,  having  a  disagref^able  smell,  and  boraia^ 
nauaeoasly  bitter  taste,  and  boiling  between  241)'*  and  242"  C.  When  once  distilled 
with  Bticks  of  potash,  it  ia  pnaiinlly  diacolonred,  has  a  specific  graTity  of  0'874  at  JU)^, 
and  contains  on  the  aremgA  79^3  p«ir  cent,  carbon  and    11*03  hydrogen,  ' 

approximately  wiU»  a  formula  C*»H'"0  (caic  78  96  C  and  10-52  H  J.  By  < 
with  excess  of  solid  pottudi,  it  ia  converted  into  a  non-oxygenated  oU,  C**W 
J.  pr.  Chem.  IxxxiL  181). 

TMXCTXOMia.  C*'n"0»(?)   (Uloth,  Ann.  Ch.  Pharm.  cxL  216.)     An  indifTerent 

crj-eUiUirK*  sulistiiuoe,  obtained  by  the  dry  distillfltion  of  ericaceous  plants.  On  suIh 
roitting  the  extract  of  a  plant  of  this  order  to  dry  distillation,  and  precipitating  Um 
]i(j«id  distillate  with  acetAtie  of  li>ad,  erieinune  remains  dissolved,  and  may  b«  obuiaed 
in  tlie  crystaUino  form  hj  prectpttating  tlie  lead  with  fulpbydric  add,  eTa^ratiag 
the  (UtrHto  to  dryneae,  and  sabiinuug  the  residue  between  two  watcli-glasaes  la  amaQ 
qtiantttieB  at  a  tune. 

Pure  cricinone  sublimes  in  feathery  groups  of  white  crystal!  having  a  silky  laitiv. 
It  diaaolTM  easily  in  alcohol  and  ether,  and  crjulallises  from  the  ali>oho!ic  tiolutlos  ia 
quadratic  needles,  acuminaled  with  triangular  or  rhombic  f:ice«.  Its  sol  at  ion,  when 
fresh,  ia  neutrd  to  vegi^table  colours,  but  decomposes  KraduBlly,  turning  brown  and 
acquiring  an  add  reaction :  the  crystals  likewiae  undergo  slow  alteration,  eapedallj 
under  the  influeooe  of  light.  Eridnone  w  inodorous,  but  lius  a  sweetish  tafcie.  wittt 
somewhat  astringent  after-taate.  It  melts  at  about  167*^  C,  and  «oUdifie«  in  th» 
rrystalline  state.  Sublimation  bi^'na  far  below  the  melting  point;  at  higher  tempe- 
ratures it  is  attended  with  partial  carbonisation. 
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ITie  BolufioTv  of  ericinone  is  not  precipitated  by  ocfto^  of  had,  either  nentrtl 
ntflic,  bmt  on  addition  of  ammonia  a  white  precipitate  is  formed,  which  tiftem  - 
becomes  dark-col  oil  red.  It  is  not  altered  by  ferrou*  or  ferric  naltt :  it  quickly  tv< 
tilver  oBiffotd  from  their  aalt^;  pfatinnm  firom  the  chloridf  on  addition  of  ammonia, 
and  boiling  ;cH/>noi/ji  oxtdr  from  an  alkHlfni*  capric  solution,  even  in  the  cold.  In  oob» 
tuct  with  aljadit,  it  quickly  turns  brown  and  absorbs  ox^-gtsn.  The  oolonr  diaappearii^ 
however,  as  soon  as  ull  the  ericinone  is  decomposed, 

^YiVrir  acid  convcrttt  ericinone  into  oxiUic  add.  Hydroeklorie  acid divsolTes  it  witlioit 
de>rompoaition  ;  but  ou  adding  chlorate  of  potassium  to  the  warm  solotion,  ehknai], 
(X;i*0«,  separates  out. 

According  to  Uloth's  analyses,  ericinone  contains  62-86 — 63-40  per  cent,  carboa  aad 
6-48 -6-26  hydroeen.  whence  he  deduces  the  formula  CW(/  or  C'H^O*  (calc  M16 
carWn  and  6-2fl  hjdrtjgen).  Ho  thinks  it  brobahle  that  eridnone  is  a  product  o*  the 
dccompoaition  of  ericolin.  Hesse  (Ann.  Cn.  Pharm.  cxiv.  301)  reganLs  *.Tini.oti«»  as 
identical  with  hydroquinone  ;  but  Zwenger  (lAirf.  cxv.  108),  under  whose  directios 
Uloth's  expedments  were  made^  is  of  opinion  that  the  two  bodies  are  distinet 


MKtCOJtXn.  A  resinous  substance  found  in  several  plants  of  the 
order,  espmally  in  the  hi'rb  of  the  marsh  wild  rosemary,  Lfdum  palustre  (Roebleder 
and  Schwnrst,  Ann.  Ch.  Pharm.  Ixxxiv.  3fi8),  less  abundantly  in  the  common  heath 
or  ling,  Cal^uva  palifartJt  (Roehleder,  if/id.  354),  in  Jilutdodmdron  frrnufmtun 
(Sehwarz,  ibid.  361),  and  inthered  bearberry,  Arctostaphylos  uva  ursi  (Kawalier, 
Wien.  Acad.  Ber.    ix.  29), 

It.  is  prepared  from  Ledum  paluatn  by  throwing  the  chopped  lesTes  into  boiliag 
water  and  boiling  for  several  lionrs ;  then  straining  the  liquid ;  prc^cipitating  with 
basic  Bscetate  of  lead ;  eva{K)r«ting  the  filtrate  in  a  retort  to  one-tnird  at  its  bolk; 
filtering  from  the  separated  lead-salt ;  freeing  tiie  liquid  from  lead  by  sulphydric  add ; 
evaporating  the  filtrate  to  an  extnict;  and  dtsiKilving  out  the  ericolin  by  anbydn>M> 
ether-alcohoL  The  substance  left  on  evaporating  this  solvent  is  then  repeate^ily  disaolTrd 
in  ether-alcohol,  till  it  no  longer lea^-es  any  residue.     (Rochleder  and  Schwarx.) 

Ericolin  may  also  be  separated  from  the  mother-liquor  obtained  in  the  preparatJM 
«f  vbntin  &om  the  leaves  of  red  bearberry  (i.  364),  by  heating  that  uqoid  vith 
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bjdioelilorie  or  anlplitirtc  acid :  {t  la  Iben  d^poftitad  ts  n  rpsiiioov  orccipihit^.  which  majr 
Wjponfled  \n  solution  in  alcohol  and  precipitntton  by  water.    (Kawalier.) 

Ericolijn  obtained  by  the  first  procw*  ui  a  bpowni»h-yeUt/w  powder,  which  cako« 
together  at  100°  C  and  hm  a  Tory  bitter  taate.  Roehleder  and  Schwan  found  it  to 
eoDtaio (after dedatrt inn  of  10-6  prccnt.  aah)61'71  p«rcei3t.  carbon  and  7*19  hydrogen  ; 
whetee  they  dcdue*  the  formula  C**H»H3«  (6100  C  and  7-00  H)i 

H««Ced  with  dilute  sulphuric  acid,  it  ia  rt-eolvMl  into  ertciool  aad  gla 
C«H»*0"  +  4U»0  -  C'«H'*0  +  4C»U'»0*. 


ft 
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A  cnpric  arsenate,  occurring  in  raammcUated  cryatalliDe  groups,  of  a 
fine  emcrald-grren  colour,  in  the  county  of  Limerick,  Ireland.  Specific  grari^B  4-043. 
Hardneee  -  4*6—6.  Lustre  alnuwt  daU.  alightly  reainoua.  Streak  green,  paler  than 
the  colour.  SuhtraiudttceDt  or  nearly  opaque.  Brittle.  Contains,  according  to  nn 
approximate  analysis  by  Turner  (Ann.  Pljil.  [2]  ir.  154).  83'7«  per  cent.  As»0*, 
ft9'44  CiiO,  6-01  water,  and  177  alumina;  whence  th.'  formula  6Cu0.Ab*O»  +  2H-0, 
«r  Cu»As«0».2CuU*0». 

Tlie  name  erittitt  has  likewise  been  applied  to  a  rariety  of  bole  found  at  the  Giant's 
C^MUseway.     ('Sc-f  anulysis/,  i.  61&) 

BJUOrSOBVnC  VACnrATVlS.  San't-tail  Cotton  Grtut.  — The  plant 
grown  ou  a  marsby  peat  soil  in  tb«  mngbbourhood  of  Berlin,  yielded  in  the  frenh  *tfato 
67*13  percent,  water,  i\6o  ot^ania  subBtunce,  and  1*22  ash.  Of  the  ash,  47*43  per 
C'UL  was  soluble  in  water,  32*03  soluble  in  weak  nitric  acid,  20-64  insoluble  in  niLrie 
acid. 

The  aah  contained  in  100  pts,  32-26  SiO*  4-59  C0»,  218  80*.  SIO  P'O',  3-74 
MnO,  3-86  Fe--0»,  4  3»  M^O,  1(J  48  CaO,  116  NaH),  28  52  K*0,  2*40  MaCl,  084  KCl 
{E,  Witting,  J.  pr.  CLtmi.  liix.  149.) 

XmiTAWZC  ACZS.  Ci<H**0\— A  cnnstituent  of  Erica  herbacea.  It  coloors 
iro!)-«alf «  gT*«en.   and  is  decomposed  by  eulpboric  acid,  yielding  a  yellow  oolouring 

matter  i;"ail«i  criianthin. 

OTXftTfTTll.  An  imporfectly  crj-stiilliarti  silieate  from  the  Eragebirg,  of  greenish 
grey  colour,  with  truces  of  fim-ly  luminatctl  stmcturu.  Sperific  gravity  =  SO — 3"l. 
Bjundneas  between  apatite  and  ft-l»par.  Melts  befurc  the  blowpijie  to  a  clear  bead,  and 
disoolrrs  with  greenish  colour  in  honx  (Ilandw.  d.  Chem.  1**  Awfl.  ii.  986).  Accord- 
ing to  Lampadins,  it  is  a  silicjite  of  calcium.  C.  G-meHo,  on  the  other  hand,  fonml  it 
te  contain  6316  per  cent.  tJiO»,  1 103  AFO»,  7*14  Fo«OV  0*64  Mn*0»,  14*4  CaO,  6-48 
MifO,  2-61  Na'O,  and  tfS  lose  by  ignitiun.     (h'amnteUbeiy't  Atingralchentie,  p.  771.) 

^tru^mwww^.  Pure  lime  labradorite  from  Ersby  in  Finland,  formerly  regarded  M 
anhydrous  seolt-zite,     (See  Labuaihibite.) 

SBITBXaCXTB.     Purple  copptar  (p.  78). 

BSVCZO  ACTO,  C^H^O*. — An  acid  obtained,  topether  with  oleid  arid,  hy  the 
■anonification  of  the  fixed  oil  of  white  inastard  {Sinapis  aiba).  The  oil  i*  saponified  with 
■oda ;  the  soap  is  decontposeil  by  hydrochloric  add;  the  mixture  of  enicic  and  oleic  acid 
thus  prodocea  is  treated  wiih  onidc  of  tead  at  the  beat  of  the  water-bath ;  the  product 
digested  with  ether,  whidi  diKSolvi's  the  oleate  of  Ipnd  ;  I  lie  residue  treated  with  hydro- 
chloric acid  and  alcohol ;  and  the  chlonde  of  lead  separated  by  filtration  ;  the  Itqiiid  is 
distilled  to  separate  the  alcohol ;  and  the  remaining  futty  aeid  is  boiled  with  water  to 
remoTe  hydrochloric  add,  then  rrjstllllised  sereral  times  from  alcohol,  tiJl  it  exhibits  a 
constant  melting  point.     The  fixed  oil  of  bkek  mnatard  likewise  contains  enicic  acid. 

EmiMC  acid  crystallises  in  shininp  needl«^,  whivh  melt  Rt34®C.  It*  sodium-sait 
u  solu'>le  in  alcohol.  The  banvm-tali,  C'H*'B:tO',  is  precipitated  in  flocks  on  mixing 
the  alcoholic  solutions  of  acetate  of  barium  and  erucate  of  sodium.  The  Irad-tall, 
C**H'"Pb"0*.  IS  a  white  precipitate  ohfaincd  in  tike  manner.  The  sHwr-MoU,  C*H"AgO*, 
is  a  curdy  precipitate,  which  becomes  coloured  on  ezpoeure  to  light. 

WMVOXtt,  A  CTystAlline  subatanee,  said  to  exist  in  whit4^  mustard  seed.  In- 
■oluble  in  water,  sparingly  soluble  in  alcohol,  easily  in  ether  and  in  oils.  I>oes  not 
contain  eulphor.     (Simon,  Pogg.  Ajin.  xliT.  693.) 

See  LnfTTL, 


mXTOTtUCtW*     Syn.  with  EBTTHBOKAJfwmL 

BSTVXOSSir«     Syn.  with  PtCBOXRTrKiUW. 

BSTSinnrm  AX.XiZASZA.  Al/iaria  Officinatis.—A  common  weed  of  the  cru- 
ciferous onlpr,  the  herb  of  which  contains  sulphocyunate  of  altyl  (Wertheim,  Ann. 
Cb.  Pharm.  lii.  5*2).  From  the  seed  Pi  ens  (ibid,  liviii.  76)  obluined  0-(5  per  eenf. 
Tolatile  oil  containing  suJphocyanate  of  allj-L  Bomotimes  alone*  eometinu-s  miiiid  with 
oxide  of  ollyh 
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r,     C*H'K3''A8*,^A  red  amorphous  substance  produi>6d  fnm 
c«(v»ljl  hy  c^ombuxtioii  witii  iusuffifient  acceaa  of  air,  by  th,e  action   of  bydfocV 
iioidand  metyllic"  tin,  or  of  phosphorous  acid,  ur  bypassing  the  cacodyl  thpoo^ba" 
beutpd  tubes.     It  is  infioluMe  ui  water  tmd  alcohol.     (See  Cacxjdti.,  L  404.) 

BKTXBJISXW.  A  re<l  eubRtaare.  probubly  impure  orcein,  produced  bj  the  ■»- 
tioa  of  Hrninoiiiii  nwi  air  on  (.Tytliric  iicid.     (R  eeren.) 

BH-TTHHSLIC  ACZS.     S.  e  tlio  next  article. 

ER7TBRXC  ACXI>,  or  ESTTHAXXT.  (H*'<'rpti,  Schw.  J.  lix-  318.— K»nf, 
Ann.  Ch. Pliartn.  xxjtijt.  25. — Schunck,  iW*/.  Ixi.  69.  —  Stenhouse,  ibid,  btrtii.  72; 
ftuther,  Proc.  Roy.  Soc.  xii.  263.— Hphsp,  Ann.  Ch.  Pharra.  exrii.  304. — OtiLxiLSifl.i 

—  An  acid  diBcovprod  by  Heeren  in  Boccffia  tinctoiia  :  tt  upiwar*  also  to  t*  cont4ineii 
in  most  of  the  lichens  from  which  archil  ia  preparwi     "VVlirn  pitber  of  thfsi-  Ucbetoi 

—  the  Jiocctlla  Montagnri,  for  examplc^ia  fxhaiwf*^  with  boiling  wator,  ti»  enthric 
acid  is  depotdt4Ml  »a  a  orystalHnp  puwdor,  which  may  he  purified  bj  bgoHog  wenboL 
^Tho  aqiieoua  mother-liquor  retains  picroerythriii  and  orcin.)  Aeoording  to  SUatbuntc, 
It  ia  better  to  i?xhaiuit  t\w  lichena  with  milk  of  lime ;  the  quantitj  then  obtaiopd 
•mounts  to  12  i>er  cent  of  the  wpicht  of  the  lichen. 

Erythric  acid  is  white,  cryilalline,  de*<titiitc  of  t^istc  and  odour,  Bpmngl7  solBbte  ia 
wnt^r  (1  pt.  of  the  acid  nHjtjiring  about  240  pti.  of  Iwiling  water  to  diasolrt  it), 
easily  soluble  in  alcohol^  ethor,  ana  alkali?. 

Ervthric  acid  dried  at  100°  C.  giv««by  analysia  nurabere  agreeing  ncarlj  with  eillwt 
of  the  formulst)  C^H^O'"  (S  ten  house),  or  C^H^O"  (Heesc): 


CalciilJitlon. 


Hewe, 


Mir«n«Miafr. 


240  56'87 

22  •  622 

160  37'91 

422  100  00 


3;J6  6695 

30  608 

224  87-97 

6U0  100-00 


66-84 
6-.58 


56^4 
£33 


£714 
j«3 


Sehunck  fotind  68-70  per  cent,  earboo  and  6*37  hydroRon,  whence  he  dMnced  the  fr>^ 
niula  (^H^O'-,  or  C»'H»0'*  (59'6  C,  fio  H);  Gcrlmrdt  proposed  C»*H'«0*  (67  U  €, 
4-77  H). 

The  air-dried  sulmtance  waa  found  by  Hesse  to  contain  51  •?  f*T  cent,  carbon  Uhi 
5-4  hydrogen,  agreeing  exactly  with  the  formula  C"H*»0",  2H'U.  Wltcn  hiiited  »o 
lOO*'  C  it  gives  off  6*7  per  cenL  water,  which  hIso  apreea  exactly  with  2  aq.  At 
137°  C.  it  melt«,  and  does  not  sohMifj  in  the  crystalline  form  on  cooling. 

Dacompositicna. — 1.  Erythric  acid  may  be  heated  to  200°  C.  without  sensible  alt*n- 
Hon  ;  bat  at  a  higher  teraperaturtj  it  ia  decompoBcd,  yielding  orcin  and  carbonic  anhy- 
drido. 

2.  By  boiling  for  some  time  with  vnt^r,  or  more  re,idily,  withrt/i-oZ**.  tt  ia  zcaolrediBta 
pieroerythna  and  orBelliaic  acid  (formerly  called  crythrelic  or  eryturoleaicacidj' 

C»H«0'«     +     H*0     -     C"H'W     +     C«H»0«, 
Brjrtbric  acid.  ftrriMmhrin.        OrM>llink  actd. 

orC"H»^'«      -I-      n'O      ^     C"n'»0»      +    2C'II'0«; 
ErttthrJc  uUl.  Picruerjrtbrin.      OrtclUnic  acid. 

and  the  orseUinic  acid  ia  reaolTcd  by  longer  boiling  into  ordn  (C*H*0')  and  cwtoaie 
juibydride  (C0»). 

3.  Boiled  for  sotdo  time  with  alcohol,  it  yields  in  like  manner  picratrythria  aad 
orBelliiiato  of  ethyl,  C*H^(CH*)0*,  and  with  wfM^ir  aivohoi  or»ieUinnte  of  metM. 

4.  Strong  tulphnric  m^td  dtssolres  erythric  acid  without  alteration  in  the  cold:  but 
decomposes  it  when  heated.  Boiling  ht/drochloric  aad  likewise  di.isolrm  it.  Nitrit 
acid  diasolres  it  in  the  cold  without  evolution  of  nitroua  acid,  forming  a  yellow  »U 
atance  aoluble  in  alcohol  and  precipitate*!  by  water;  no  oxalic  acid  ia  {iroduccd.  On 
heating  it  with  nitric  acid,  nitrous  ivfid  ia  evolved. 

6.  Bromine  fowerfs  erjthric  arid  <!i>i»ol red  in  water  into  a  yellow  resin.  Wk«a 
the  acid  is  covert^d  with  ether  containing  water,  and  bromine  is  slowlv  added,  f  Ktra- 
bromerythric  acid,  C*ll'»I3r'0"  (or  C^H'-Br'O").  i»  form<^l,  in  'whit.'  erytbilliw 
■pbendea,  nearly  insoluble  in  cold  water,  soluble  in  alcolaol,  ahphtly  in  «-uld*ii»ef,  TV 
alcoholic  solution  is  »cid.  forms  a  white  precipitate  with  acetate  of  lead.  '         'i  » 

email  quantity  of  ferric  chloride,  brown-red  with  a  larger  quantity ;   hy|> 
dium  imparts  to  it  a  transient  blood-red  colour.  When  boiled  with  uJeoli  A 

into  dibromoraell ate  of  ethyl  and  bromopicroerythrin.    Br-  -d 

cakes  together  a  little  alwve  100°  C,  melta  to  a  colourleas  fivthy  mass  nf  •  i  it 
a  higher  temperature  gives  off  acid  vapours  and  buma  away.     (Heasc) 

6.  Chlorinr  detiompovea  erythric  acid  euspended  in  water,  distiolrtng  a  consideaoi* 
Iiortion,  and  forming  a  fellow  resinoua  aubstanee.     (Hesae.) 
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ErvtkrMtft.  —  Kr^thrie  ftcid  ia  t  Terfireak  and  tmntablci  arid.  It  fbmu  with 
fottsm,  0od4iy  limr^  nml  magnttia,  mlatioiu  which  hare  vi  alkaline  reaction,  and  from 
wliieb,  vbeo  recently  prrpiired,  carbonic  acid  thrown  down  erjthric  acid ;  after  a  f«'W 
dftjB,  hoverer,  no  precipitAte  ia  formed.  The  alkaiiD«  aolutioaa  undergo  docompoai- 
tioB  whea  h«at«d. 

An  alcohotic  solution  of  erythric  acid  ia  not  prrcipitated  by  nitrat«  of  tilvrr,  but 
OD  adding  ammonia  a  whita  precipitat«  is  fonoMl,  which  soon  taru  black  and  pro- 
docea  a  apecolar  deposit  of  silver.  Chloride  ot^oid  is  not  altered  by  boiling  with  tite 
alootioUc  aolution  of  etythric  acid.  Set^uieUonde  of  iron  imparts  to  the  alcohoUe 
lolittjflin  a  deep  purple  tint,  and  the  addition  of  am iDoniaeaases  it  to  paM  to  yellow,  but 
without  precipit&tioo,  unices  the  liquid  is  boiled.  The  alcoholic  mlution  of  the  acid  is 
&ot  (irei.-i{)iT:it<>d  by  ntiUnxl  mcrlats  iff  lead,  bat  with  the  baaie  acttaie  it  yields  a 
copious  precipitate  containing  59-12  percent  of  lead. 

The  ooamNUxi  ether  obtained  by  boiling  eiythric  acid  with  alcohol  was  originally  re> 
yarded  bjr  Stenhouse  as  erythrate  of  ethyC  C'iP'(C*U*)0>*  But  asits  frirmutio-.! 
IS  aooompaiiied  by  that  of  picroerythrin,  it  appc«»  to  be  orsellioAte  of  ethyl  (p.  oO:J). 
It  is  l«mArka.ble,  howevfr,  that  when  boiled  with  alludis,  it  yields  a  aolatioa  containing 
Ixith  orcin  and  eirthromaoiiite,  whereas  the  corresponding  methylic  ether  treated  iu 
Uke  maoDer  yielda  oreio,  bat  no  eiythromannite.  The  same  difference  ia  obaerred  in 
the  resHjtions  of  the  etfaylie  and  methylic  ethers  obtuned  from  all  the  Turieties  uf 
Roecella  tinctoriii  (8ten bouse).     The  inaction  requires  further  investigatioa. 

Meroerytbiin,  C'*H'*0'.  — Produced  by  tlie  action  of  boiling  water  on  erjthrie 
acid.  The  acid  boiled  for  aoroe  time  with  water  difsolves  slowly,  and  the  liquid 
yielda  by  eraponUion  a  viscid  brown  mass,  which,  when  treated  with  cold  wuter,  leave* 
picroerythrin  (Sohunck).  Stenhoose  boilii  erythric  acid,  after  saturation  with  lime  or 
imryU;  satumtea  the  liquid  wilti  hydrochloric  acid  (to  precipitate  er^'threlic  acid), 
Bll*ra,  and  leaves  the  aolution  to  itHeJH  Picroerythrin  is  then  depottited  in  yellowish 
cr^'stals,  which  may  b«  puriBed  by  raemis  of  boiling  water  and  animal  charcoaL 

Picroerythrin  is  colourless,  erystalliiMble,  bitter,  sparingly  soluble  io  cold  water, 
very  soluble  in  Irailiug  water.  The  solution  reddens  litmus  slightly.  It  is  ool  altered 
by  prolonged  boiling  with  water,  iind  is  not  etherifled  by  alcohol  Heated  in  a  small 
lube,  it  yields  a  sublimate  of  orcin.  It  dissolves  in  alkaiii  without  tlie  aid  of  beat; 
the  Muimooiacal  solution  quickly  reddens  in  cont&ct  with  the  air.  Boiled  with  bari/ta 
it  yields  carbonate  of  barium,  and  a  solution  containing  orcin  and  erythromaauite  : 

C"H'*0^  +  H«0  -  CO*  +  CEH}*  +  C*H'*0«. 
P>croci7(brfn.  Urcio.  Erythro* 

Tho  aqueoai  solution  of  pjcpoerythrin  is  not  precipitated  by  neutral  aeetaU  of  Uad^ 
bat  abundantly  by  the  batic  acetate,  the  precipitAte  cont.iining  6894  per  cent  lead. 
The  aqueous  solution  acquires  a  fine  purple  tint  when  mixed  with  tftquicMoride  oj 
irtm.  it  does  not  reduce  nitrate  of  fUwr  even  at  the  boiling  heat,  unleas  ammonia  is 
added.     It  gradually  reduces  chloride  of  goid. 

mmrrrmmjmM,   Syn.  with  Co&llt-Bi.oom  (l.  io.'37). 

SBTTBSXTZ.  A  fleeh-coloured  felspar,  containing  3  T>er  cent  magnesia,  fotfnd 
in  aroy^'kl'-iil.     Specific  gruvity  =  2o41.     (Thoraaon,  PhiL  Mag,  [3]  xxii,  188.) 

SXTTasOBETZO  ACZI>.  A  very  unstable  acid  obULaed  from  red  beet  (Bfta 
t^lff<iris).  It  is  crystaUine,  easily  soluble  in  cold  water,  insoluble  in  alcohol  and 
ether ;  precipitated  from  its  »qucoo«  solution  by  nitrate  of  vhrtr  and  neutral  acetate 
of  lead.     (Meier,  Pharm.  CenlraJbl.  1847.  p.  436.) 

mmYTKJiOPAiromg.  The  name  given  by  Knhlmann  (Ann.  Ch.  Fhys.  [2] 
zxiv.  22$)  to  a  red  ciystalliae  substance  obtained  from  madder,  probably  impure 
alisarin. 

JUt t  TlUtO BBV.  A  aabstance  originaUy  colourleaa,  bat  reddened  by  acids,  sap- 
posed  by  Hope  (J.  pr.  Chem.  x.  269)  to  be  ooutained  in  flowers.  Filhol  regards  it  aa 
identical  with  cytmiu  (p.  274). 

The  same  name  was  applied  by  Bizio  (Schw.  J.  xxxvii.  10)  to  a  crystalline  wb- 
stajice  which  he  obtained  from  the  bile  of  a  patient  who  died  of  jaundice,  and  which 
he  descriljod  as  capable  of  abstracting  nitrogen  from  the  air,  from  nitric  acid,  and  from 
ammonia,  and  as  beinj?  converted  thereby  into  blood-red. 

BSTTUaoOEZrzc  ACIS,  An  oily  liquid  said  by  Bizio  to  be  produced  on 
heating  thf  hiilwtaiifc  which  he  calls  erythrogen  in  oxygen  gas. 

SKTTBXOGXVCX-SIT&PBfimXC    iiCn>.     Syn.   with    BHrrail0XAXXI-sii>- 

ptn  KFc  Aril)  (p.  .Iiort). 

BSTTHKOGIilTCXV.     Syn.  with  E&TTHSOMAXXITH. 
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XJKTTBKOLVZC  ACXS.  A  purple  e«)inifiuid  8ub8taac«  flaid  to  exist  in  arcM 
(Knne.  Ann.  Ch.  lliyB.  ii.  1.) 

S]KyTBROX.xnr  nnd  SBTrBSOXiTrMnr.    Be^d  substaaees  obtained  £roB 

ntmua  (9.  f, ) 

SKTTHSOliBBiC  ACID.    Syn.  witli  Erttkbsuc  Acid. 

SaTTRKOXZC  ACm.     The  name  origindly  applied  bj  Kftoe  to  s  fnbitaaM 

which  he  Muppo*ed  to  exist  both  in  an'hil  and  in  litmas ;  sabseqnentJy,  hotrrver.  be 
applied  tlie  Diime  frifthrft/nn  to  the  subHtoQcei  found  in  littnus,  and  trtftkrutete  oind  Ui 
the  ono  contained  in  ardiil,  because  it  eonlained  more  oxygen. 

XRTTHaOMAWVrnB.  C^H**0«.  Erythrofjluciit.  Erj/ffJvcin.  Erylhrile. 
Pkt/ciU:  Vseiuhrrciv.  (.stenhonse,  Phil  Tranii.  1848.  76;  1849,  399.— St rrck«r. 
Ann,  Ch.  Pharm.  IxviiL  111.— Schunck,  Phil.  Mag.  vii.  33,  254.— Lamy,  Ann,  Ch. 
PhjTB.  [8]  xxxr.  138:  U-  232. —  Wagner.  J.  pr.  Chom.  Ixi.  125.— Hesse.  Ann,  Ch. 
Pharm.  cxvii.  327. — Gm.  xii.  385.)  Thia  salwtanco  exists  residy  fonned  in  Prr/to&xttu 
vulijaris,  sind  is  prodiici'd  Ijy  boiling  erythric  acid  or  picroerythrin,  or  the  cthylic  eth«ts 
obtained  from  any  of  the  varieties  of  RocccUa  tinctoria  with  exeesa  of  baryta  or  lim* 
(p.  h»2).     The  Bubstance  fironi  Protococcug  vulrjarig  wiu?  originally  call»>d  phjeite. 

Pnpiirntitm.  1,  The  extract  of  Jjerarwra  Mnntatpiri,  nbtaint-d  with  milk  of  hmn,  ij 
liiiled  down  in  an  open  pan  to  about  one-third  or  onc-fonrth ;  carbonic  add  pojwd 
into  the  c»x»Ied  liquid  as  long  urn  &  precipitate  continues  to  form  ;  and  the  solution, 
after  filtrfttion,  evaporated  to  a  symp  orer  the  wntcr-bath.  This  syrup  consisLi  ciiieflj 
of  orcin  and  erythroroannite,  mixed  with  a  rwtlicr  large  quantity  of  rod  coloorii^ 
mutter  and  a  n-sinous  irahatance.  The  orcin  and  thf  greater  part  of  tho  colounng 
matter  are  extracted  by  cold  ether ;  or  the  .syrup  is  mixed  with  throe  times  ita  volume 
of  strong  alcohol,  from  which,  after  a  wliile,  the  erytlinunannit*'  separates  in  wmll 
crystuls.  These  ere  collected  on  a  cloth  filter,  presj<e<.l,  waehetl  with  cold  atrooa 
alcohol,  which  diwolTM  the  orcin  and  the  grefiter  port  of  the  colouring  matfrr,  and 
recryBtalliaed  two  or  three  timea  from  hot  alcohol.—  2.  ProUnyxvue  vfj/pari-t  is  Vioilrd 
for  some  hoars  with  water,  and  the  filtered  and  decolorised  solution  is  evaporated  U>  a 
pvrup.  precipitiited  with  alcohol  or  basic  acetate  of  lead,  and  the  filtrate  Idt  to  ciystal- 
lise.—Or,  1  lb.  of  Protoruccus  vulgaris  is  digested  ut  a  teroperattire  between  6(t*  aaJ 
100°  C.  with  2  lbs.  of  alcohol  of  85°;  tlie  liijuid  decante*! ;  the  gre«n  rtisidae  strrtntrljr 
pressed  oat;  the  liquid  ihi-n  filtered;  and  the  alcohol  distilled  to  onc^half.  Tiio 
mothor-lii^uor  of  the  phycic  acid  which  is  deposited  on  cooling,  separates,  when  fbt 
liquid  is  again  heuted,  into  two  layon,  the  alcohol  at  the  same  time  evaporating.  Tl>e 
iipper  layer  is  strongly  coloured  ;  "the  lower,  winch  is  Icsb  coloured,  yields  by  evaporv 
tion  a  crystalline  maas  saturated  with  11  black  syrap,  which  mu*t  be  pressed  betirern 
fine  linen,  washed  with  very  cold  water,  and  reciystal lined  from  hot  water.     (Lamr.t 

Properties.-^JjK^  eolourlets  Cranaparcnt  cr^stius,  having' an  adamantine  Itustiv,  ofld 

3P3 

belonging  to  the  diaietrlc  systeaL     Observed  faces  P  .  obPso  .  -— .      Inclinatbn   of 

P:P  »  123°  43';  P:  «Pod  «  109°  29;  3P3 :  oeP«  =.  ISS^  42'  (Miller). 
Specific  gravity  1-69  (Lamy).  Ita  taste  is  very  Bweet  and  cooling  (Lamy^ 
Index  of  refraction  =  1-545  (Stenhouse).  Does  not  exhibit  circular  polarisati'.* 
(Lamy).  Melts  at  112**  C.  without  giving  ofl^  water,  and  volatilises  partly  UDile- 
composed  (Lamy).  Melts  at  120*^  C.  (Hesse).  Does  not  act  ou  litmus.  I'tii  tast* 
in  sweet,  but  less  »o  than  that  of  orcin.  It  does  not  lo»e  water  at  lOO*  CI 
(Stenhouie).  It  disaolvea  vetr  readily  in  wtitn-,  sparingly  in  cold  almkol,  ud  ii 
insoluble  in  fthtr;  the  aijueous  somtion  yields  the  flnettt  crystals. 
The  following  analyaea  have  been  made  of  erythromunnite:  — 
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Stenhouse  originally  pave  to  erj-thromunnite  the  fnmnda  O^/J'^O**;  C     ' 
p.3»«ed  CVy'*0'%  or  C'11"0'.      According  to  the  fornmla  C*WO^,  or  <  b 

was  first  given  by  Strecker,  and  agrees  best  with  all  the  reactions  of  er^ : „..„..,'«, 

this  body  may  be  regarded  as  a  tetratomic  alcohol,  '     -Jri     \  O*.      Berthelot  rr^ank 

it  as  a  hesatomic  alcohol,  (T^fft'O"  =   ^^|o":  but  this  formula  ia  improbahla 
00  account  of  the  uneven  number  of  bydrogen-atom& 


* 
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DeeonqtotUiotu. —  1.  Erythromnnnite  subjected  to  dry  distillation  ipves  off  an  odrttir 
of  bvmt  sogar,  and  yields  a  liquid  which  does  not  cryttalliae  on  cooling,  but  dissolrm 
in  water  Mid  in  alcohol  (Stenbouae).     It  begiD*  to  boil  at  180<*  C.  witlioat  per 

SpCible  decomposition,  giving  off  an  odour  of  burnt  floor ;  aa  tht  decomiHwitioQ 
ruieM»  the  boiling  point  grudn&lljr  rises  to  ul  out  200*^,  bat  the  mass  does  not  RWt'U 
vp :  the  residue  in  the  retort  consists  pdrtlv  of  nnult^red  erythromannitr,  partly  of  a 
■tibKtanm  analosotu  fo  glucose^  and  pandesimng  the  power  of  n>dncing  copper-salts,  a 
property  not  exhibited  by  efrythromannite.     Erythromannite  thrown  on  rw-bot  co«l» 

G'r<«  off  the  odour  of  bamt  sugar  (Laniy).  It  burns  on  platinum-foil  with  • 
oe  flame  and  an  odour  of  caramal  (Stcnhouse). — 2.  It  ia  not  altered  by  ■qneotu 
potAsli,  by  ammonin,  by  bromine,  or  by  chloride  of  lime. — 3.  Heated  to  220^  C.  with 
■olid  kjfdratf  o/pfiinsnum,  it  yields  acetjtte  of  potassium  and  hydrogen  gas,  C*H'*0*  ♦ 
2KnO  «  2C*HK0»  4  2H^  +  H*  (Stenhouse,  Laniy).  —  4.  Fumingnifrfo  flrftf 
converts  it  into  nitro-erythromannite;  on  h^Ating  the  mixturo,  oxalic  acid  is  prodoced 
(St en  house). —  6.  Erj-thromannite  dissolves  in  cold  avJphuric  arid,  and  when 
heated  therewith,  is  convert«'d  into  an  prythromanni-sutphttric  acid  (Hesse).— 6.  It 
is  not  fcrmeutuble.  (Stenhouse,  Lamyf.  It  does  not  precipitate  neutral  or  boaic 
acetate  of  lead,  copper-aalts,  or  ammonio-nitrate  of  leaa  (St  en  house).  —  7.  Ery- 
thromannite  heated  to  120°  C.  (or  a  day  or  two,  with  an  equal  weight  of  tartaric  acid, 
yields  an  acid  having  the  composition  C"H"0*  (Bertheiot,  Compt  rend.  xlv. 
268.  See  T&JkTAiuc  Acin). — 8.  Heated  with  ht/driodic  add  in  a  stream  of  carbooio 
anhydride,  it  yields  iodide  of  ti»tr}-l  (V.  deLuynes,  Compt  rend.  Iv.  t>24J  : 

C*H'»0'  +  7HI  -  C*n»I  +  4H»0  +  K 

Wltro-eiTtliromanalte.  C*H*(NO*)*0*  (8  ten  ho  use.  Phil.  Trana.  IM9, 
309).— Pulverised  entbromannite  adding  by  pmall  portions  to  fuming  nitric  acid, 
which  is  kept  cool,  dissolves  quickly  wilh  considerable  rise  of  temperature  :.  and  if  the 
>ijlntion  be  mixed  with  a  quantity  of  sulphuric  acid,  equal  in  weight  to  the  nitric  acid, 
or  futher  more,  the  whole  forms  in  half  an  hour  a  crydtaMine  magma,  which  is  collected 
on  »  funnel  plugged  with  asbestos,  washed  with  cold  water,  prctised  between  paper, 
and  recr)>8tajlised  from  hot  alcohol.  The  compound  is  not  obtained  by  dissolving 
erj*lhrnmannite  in  a  mixture  of  nitric  and  sulphuric  acida,  and  adding  water. 

It  forms  large  shining  crystalline  ljiminaL%  which  melt  at  61*^  C,  and  solidify  in  the 
crystalline  form  at  a  temp^Taturc  a  f'-w  degrees  lower.  It  gives  by  analysis,  15*80 — 16'03 
percent,  carbon,  2'126 — 2"10  hydrogen,  and  18*69  nitrogen  (Stenbouae,  Epistolary 
comntunication),  the  above  formula  requiring  lfl'8&  C,   TOO  H,  and  18'54  N. 

The  compound  takes  fire  when  8trDr<glv  heated,  and  bunie  with  a  bright  flame. 
The  crystiua,  when  thoroughly  dried  and  mixed  with  sand,  detonate  under  thu 
hammer. 

SaTTBROMAVWZTtO  JBTHBlta.  Eri/thryltmdet.  Eri/tkridft.  (Ber- 
theiot, Cktmie  onjanintu:  fondie  siir  fa  Synthhf,  iL  222. — HesSA,  loc^  eit.) — Eiy- 
throBtaanita  haateii  witia  acids  to  200'^— 2^0°  C.  forma  ucid  and  neutral   compound 

'  Hflliflpwr  tr  tilirf  derived  from  maunite  and  glycerin.  Tfn*^  compounds  are 
Mpoaad  Of  alkaHa,  arythromannite  being  eepnrtited,  and  tiie  acid  sometimes  unit- 
ing with  the  alkali,  sometimes  suffering  further  decomposition. 

The  acetate  in  a  neutral  liquid,  eiutily  soluble  in  alcohol  and  etber. 

Bentoatrt.—T)xQ  difKticoate,  C^ff'O"  (Bertheiot).  roor«  probably  C'*H'«0*  = 

fC*H^)'H«(^*'  ""  ™"">°'"  ^^^°  recently  prepared,  but  gradually  become*  crystal- 
line.    Insoluble  in  water,  eafilr  soluble  in  absolute  alcohol  and  ether. 
The  hejcUMoaie,  C»*H*0»  (Bertheiot);  more  probably 

C-H-0"= ^^?^?Q>J;  [  0*.2(rH'0«, 

tobtained  by  heating  the  preceding  compiund  with  ten  or  fifteen  times  it§  weight  of 
Inzoic  acid  to  about  200°  C,     It  is  neutral,  insoluble  in  water,  soluble  in  ether. 
Orteliatea. — Bertheiot   regards   erythrin   na   diacid  oraeliaUi  of  erythromannite 

[C^B.^0**  -  {A'eW*J{\'^*^'  *°^  picroerythrin  as  the  numo-onellate  [C"H'«0»  - 

OH'O*  H*  I  ^*^"  '^^*  formula  actaally  given  by  Bertheiot,  rix.  for  erythrin  C*fP*0"  =- 
O'ii*^6»+2e*H*C^-6H0,  and  for  picrocrythrin  C*m&*  ..  C»ir»0"+  C*I^C^- 
4II0,  are  very  improbable. 

Btearate,  C^H'O^*  (Bertheiot);  more  probably  C^H^O'  -  /c'S«0)"  H»!*^*' 
Bolid.  waxy,  neutral  body,  reaembling  stcarates  in  general ;  inaolable  in  water,  solnbl* 
in  ether. 
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Bufphate,  ErythronuinnimlpAnrie  or  Brythroqlucituipkuric  Acitf,   C"li*'S^'* 
\^  ^   )     (q»^  2C«H*0«  +  3H  SO*  -  6H'0.— Prodac«d  by  duMolying  1  pt,  eiytlno 

munnite  in  20  or  30  pfs.  of  stronp  sulphuric  acid,  and  heatiDK  the  solotion  to  ( 
70-  C.  It  hits  not  boen  prt-paretl  in  the  fw>«  statp ;  but  the  uarium  or  lj>*d-Mlt  l 
be  ubtuined  bj  diluting  with  wafer,  saturarini;  with  carbonnte  of  barium  or  lead, 
fvrvpnrrtttne  the  filtrate,  first  Ht  it  cr»ritl»>i  UoAt,  then  in  vacuo.  The  fHtrium-mft, 
C'*H*=Btt'S*0'»  +  611*0,  forma  a  hnrd  brittle  maas,  eaailj  soluble  in  vnU>T,  ixtaolable 
ill  iikohol.  Tbo  caJcium-Mlt,  C'H-'Ca'ti'U^  +  6H'0,  driea  up  oTer  oil  of  ritcic/1  to 
a  brittle  doliquoscent  uimni,  npuringly  suluble  in  aicohoS,  decomposing  at  105"*  C.  Th« 
tfdd'ScUt,  t:"H-^Ph'S«0='»  +  l.iii*U,  lornifl  moixlJe-shaped  ct3'8lii&,  soluble  in  «at«r  «Dd 
iu  alcohol.    (Hosae.) 

Tartrate,  En/thrumannitartaHc  Acid.-  Obtained  by  heating  prythromonntte  with 
tiirtaric  acid  to  1 00°  C.  Aceortlinf:  to  Berthelot,  it  coaaists  of  C**IP^  0^  =  C^*H*^O** 
4C^H*0^*  —  4H0,  and  ia  sexbasic,  ita  caleimn-salt  haTing  the  oompoaitiao 
C**n*Ca^O**.  He9S«  suerjresta  that  it  may  be  formed  from  3  at,  erytbromuiiitc; 
perhaps  3C*n"0«  i^  8C*HH>»  -  RHK)  -  C"H«0»». 

SMTTUKOVZUIS.  The  name  applied  by  Del  Rio  to  a  metaL  which  he  re- 
garded as  new,  contained  in  u  peculiar  lea^l-ore  from  Zimapao  in  Mexico.  After  the 
diaeoTery  of  vanadinra  by  Sefstrora,  Wohler  ghowod  that  this  mineral  watf  traoadate  at 
lead.     (K<ypp'a  GeschicAti'  der  Chemie,  ix.  80.) 

BBTXHUOPEmK-,  The  red  colouriug  tnatter  of  leaTes  iu  autumn.  It  is 
colublf  in  wuter  and  alcohol,  and  dieaolTee  witli  brown  colour  iu  alkalis.  With  Iread- 
ealta  it  forms  a  precipitate  of  a  fine  green  colour  (Gerh.  Tratti,  ir.  627}>  AfleardiB( 
to  Morren  {Dissertation  »ur  lea  feuiUea  verte*  et  eolorirs,  envitaaie*  spieiaiammt 
an  point  de.  vut  des  rapports  dc  la  ehlorophiflU  et  de  firythrophylU,  Oaad,  1858 ;  also 
K.  Arch.  ph.  nat.  t.  84).  the  red  and  blue  colouring  matters  of  plants  8J«  not  formtd 
ftnm  chlorophyll.  The  blue  colouring  matter,  anUucyan,  is  probablT,  like  litmos,  tht 
alktilt-Biilt  of  an  acid,  which  in  tho  free  state  coutitutee  erythropbyll. 

SKYTSROPBO'iraDB.     A  red  cxtrai^tive  matter  obtained  bj  Haider  bom 

albumin  and  allied  fiut)tttaucc8.     (See  ALBrirw.) 

SR ITTHKOSSTIV.  A  resinous  conjitituent  of  rhubarb-root,  soluble  with  purplt^ 
red  colour  id  alkalis.     (See  IluuBAan.) 

■KTTSKOSa.  The  name  giTcn  by  Garot  (J.  Pharm.  [3]  xrii.  6^  to  tbeyello* 
or  oningti-colnurv'-i  aubstancG  obtained  by  treating  rhubarb  with  uitnc  acid,  vhieb 
however  he  allows  to  be  a  mixture.  It  diRsolrea  in  alkal)<<,  forming  red  aoIatioBS  (alti 
of  rri/throsic  acid),  which  pn>diice  rery  deep  stains.    (See  Rhxtba&b.) 

B&TTHVOBZir,    Slodeler's  name  for  a  red  substance  produced  by  the  sctioD 

of  nitric  neid  on  tyr^'^iBC.     (Ann.  Ch.  Pburm.  cxvi  87.) 

SKTTatltOXTI.ZirS.  A  crystalline  aubstanae  refiombling  theio«>,  obtained  ia 
»»all  qnmititv  from  the  Iflares  oi  Eirythroxylon  coca.  (Gaedeka,  Arch.  Phaim.  [S] 
ixxxii.  141  ;  ,Tahnsl)Pr.  d.  Cbem.  1865,  p.  724.) 

ESTTBK0XT1.0ir  COCA.     See  Coca  (L  10.59). 

SRTTHBOXTMB.  An  azotise^i  siib<itance  which  exists  \a  madder  root  nd 
gives  rise  to  a  [>en}liaF  transformation  of  rubian.  It  is  extracted  by  maoenlxng 
mild  der  in  wat«r  at  38  <^  C.  and  precipitating  the  aqueous  extmct  wiUi  wcohffl.  (8m 
Mapder  and  Rcbian.) 

ZSTTHRTKZV.  Impure  erythric  acid.  (Kane,  Ann.  Ch.  Pharm.  xxxix.  3 1> 
ttSCHl»XTS«  A  Tttrit-ty  of  epidote  from  the  St.  Gothard  (probably  feiMD  the 
MfippJa  Valley  in  TieiTii).  ■srhere  it  occurs  in  tuft-like  musses  on  felspatbic  rocks*  aa^ 
ciated  with  prehnitp,  rock-crystal,  and  adnlaria.  Speciiic  gravity  «  3*384.  Givw  ly 
aniilysis.  .17'70  to  .17  62  ppr  cent,  silica,  2749  to  2722  alumina^  9*12  to  867  ftnie 
oxide,  23-87  to  23-04  lime,  and  2  33  water.  (Stockar-Escher,  Pi^.  Ann.xer.Wl.) 

BSCBBOIiTZZA  CAXiZFORiriCA.     Tins  papaveraceous  plant  eontAUii^  •»> 

cording  to  WuIz  (Jnlirb.  pr.  rimrm.  rii.  282 ;  viii.  147,  209),  colouring  mattcn,  fjiri> 
and  mtiHc  ocidH.  a  fn-culiar  acid,  and  three  nlkaloidK,  viK,  1.  An  alkaloid  forming  «< 
salt*,  and  perhaps  identical  with  chelerythrine  (i.  847). — 2.  An  alkaloid  wlulile  i» 
alcohol  and  etlier,  and  forminp  bitt<?r  sharp-tasting  salts;  its  properties  are  csscatiaUT 
those  of  chelidonine  (i.  819).  These  two  alkaloids  are  extracted  from  the  plant  by 
■eidulat«4l  water,  and  precipitated  by  ammonia. — 3.  An  alkaloid  precipitated  ftoia  tbs 
mother-liquor  of  the  other  two  by  tannic  acid.     It  is  crystalline,  aaii  a  namHions  tart^ 
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diatolrea  in  wat«r,  nlcohol,  and  ether;  vatAtB  at  a  cbotIo  heat,  afid  forma  salts,  which, 
cren  in  dilate  Mlution,  asmme  a  apteodid  riolet  cdoor  on  addition  of  ralphuric  acid. 

All  these  bodies  require  further  iiiTcatigatinn. 

VACB^TVOXTB,  A  minerul  examined  l^  Dobereinor  {Gloettr'*  Synopsu, 
p.  H^  u  *nd  sxiid  tct  cnntaui  ftfrrou*  oxide  and  silica- 

X8CVX>nr.     See  JExrvux. 

SSEXraxcJUXra.  An  alkaloid  obtained  from  the  bark  of  Eaenbtckia  febiifuga. 
Mart.  Kvodia  febri/uga,  Aug.  Saint  llilaira.  (Buchner,  Bepert.  Pharm.  xxzi  481 ; 
sxxvii.  1.) 

wantLAMXTTU,  A  Tarietj  of  hydrous  dichroite  from  Brerrg  in  Finknd.  The 
term  m  aho  u«ed  ;i9  a  BynoDjrme  of  datholite,  and  appears  alao  to  have  been  applied  to 
ma  Alii-n-d  furiu  of  ticapolite.      (Dana,  IL  20^,) 

SSFAmSBTTJB.     6e«  Hbotsarum. 

SSBAB.  A  narcotic  substance  resembling  tobacco,  extracted  from  the  leATM  of 
Ati\>y<i  Mandragora.    (Landerer,  Buchn.  Bepert,  IxxsL  290.) 

SSSSWCSS.     A  term  sometimes  applied  to  Tolatile  oila. 

SSSOlrXTS.     A  Turiety  of  lime-garnet. 

BdTSB*  L.  Gmclin'e  name  for  compound  ethers  derived  from  iojma  acidx,  e,g. 
aei'tnt<-  vi  I'thyl  ^  Eatijidurt-PifUtUr ;  suiphato    of  methyl  ■■  SoAwt/tUaurea   For- 

ZTBAXf    Syn.  with  Citrruc  Atcohol  (L  841). 
BxaAXiXC  ACZ3>.     Syn.  with  Pjujunc  Acm. 

bOk    The  name  applied  by  Berzeliiu  to  the  hydxoearbon  (cetenc)  pto- 
r  the  action  of  phosphoric  anhydride  on  cetylic  alcohoL 

iAXtOlf  S  or  Cctt/!one.    Syn.  with  PAuaToira. 

BTZXA.I.'rX..     Syn.  with  CsTTi. 

STSAMIOE,  STSAimi7S«  BTHAaOKIVa.     8yn.  Mith  Etutlamin& 

STHAXttlzrE-SOXPSmfcXC  ACIX>.     Syn.  with  Si-LPUStiiAMic  Aau. 

STHSirSi     Syn.  with  Ethtlbmi. 

STHENIUBS.     Laurent's  name  for  Primary  Nwlti.     (See  NvcLBVa.) 

BTnxuu     Soe  Ethtl,  oxu>e  of  ;  also  Ernxna. 

i:THx:xz.z:2(rxL    Syn.  with  Ethtlsxb. 

STHERIFXCA'fZOXr.  The  L-onrersion  of  alcohols  into  ethera.  (See  Axcohol, 
i  7t>,  AiAXiiious,  i.  99  ;  CireMiciL  Affixitt,  i.  867  ;  ETaaas,  ii.  608.) 

BTSBBnr  and  ETBBBOXi. 

Ann,  Ch.  Phys.  [2]  xixii.  162  ;  Pogg.  Ann.  xiv.  20.- 

Attfl.  i  121.)  "Wlien  hoavy  oil  of  wine,  the  oily  body  which  »omotiuie8  occurs  among 
the  residues  of  the  proparation  of  ether,  is  warmed  with  water,  a  light  oily  liquid 
riaea  to  the  snrfacp,  which  is  a  mixture  of  two  subetancea,  both  polj-merie  with  ethylene, 
▼ijL  ethcrin  andethorol  On  decanting  this  liquid  omd  leaving  it  at  rest,  theetheriD 
erTstalliaea  out,  while  the  ^^therol  remain*  liquitl.  The  etherin  may  be  freed  from 
etiieml  by  filtration  and  preiurare  between  paper,  and  then  recrystallised  from  aleohol 
or  ether. 

Etherin  forms  tramtparent  colourless,  shining  prisms,  moderately  hard,  very  friable 
and  grating  between  tlie  teeth;  it  has  no  tutite,  but  when  heated  amelU  like  etheroL 
Helts  at  110°  C.  BoUs  at  260°,  without  alteration.  lonolnble  in  water,  but  soluble 
in  alcohol,  and  Ktill  more  so  in  ether. 

Ethcrol  is  a  yellowish,  riscid  liquid  of  specific  ^rity  0921  (Serullas),  boiling  at 
280^  C.  By  exposure  to  cold,  it  Womes  more  nscid,  but  does  not  solidify  eicn  at 
—  35"  C.  ft  has  a  peculiar  aromatic  odnur,  m  insoluble  in  water,  but  disaolves  eajrily 
in  ether,  less  easily  in  alcohol.  Potassium  immersed  in  it  retains  ita  lustre  iindi> 
miniflhed. 

//fflty  «>»/  of  wine,  which  pajisea  otct  in  the  preparation  of  ether  towarda  the  end  of 
the  distiUatioQ,  when  snlphrtmua  anhydride  and  olefiant  ^  are  given  off,  is,  awording 
to  Liebig,  an  ethylsulphate  of  ethcrol.  On  treatiog  it  with  water,  the  etherol 
(holding  the  isomeric  body  etherin  in  solution)  separates  ont,  and  ethyl  sulphuric  acid 
remains  in  soJutJon.  Aii  oil  of  nimilar  chnracttT  and  compoEition  is  obtained  by  the 
distillation  of  perfectly  dry  ethylsMlphates,  the  best  process,  according  to  Liebig,  being 
to  diilil  the  dry  potassium-salt  with  an  equal  weigut  of  freshly  burned  lime.     Mar- 


(Marehand,    J.  pr.  Chem.  xt.  1. — SeruUat, 
0. — Liebig,  Handw.   d.  Chem.  !•• 
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cband  rwommenAs  the  distillation  of  dry  ethylBulpbate  of  lead.  Th*  crnde  prodiu^  ii 
f^^ed  from  alcohol,  ether,  and  sidpharoos  licid,  bj  agitation  with  cold  WMter,  Aod 
dryinfi  in  vacuo  OTor  oil  of  vitriol. 

Li(fki  oil  of  wine,  which  is  also  obtained  in  the  prepiiration  of  ether  on  tbekifr 
tu'file  appears  to  he  impure  ctlu^ntL  VVlien  the  crude  ether  is  rectified  with  milk  of 
limp.  thif»  substance  remains  aft^r  the  ether  Iims  piiei»ed  OTvr,  floating  on  the  mimr 
reaidup,  in  tho  form  of  a  thick  vollow  oil,  which  ia  blackened  by  strong  sulphnric  add, 
but  separates  as  a  poloarle«8  oil  on  addition  of  water. 

ETBEXtZlTAMOVS,     Syn.  with  ETHrLjL.]ninL 

BXBS&XPIfATXK ZC  ACZS.     Syn.  with  ET&TLXini-CHi^oaiDS  or  pi^tdtdx. 

STKBRO^     See  Ethriuk. 

BXB>»0]rS.  A  very  volatile  liquid,  boiling  at  about  30®  C,  which  paeaea  orw  with 
the  heavy  oil  of  wine  produced  by  the  distillation  of  the  ethyl-sulphates  (Marchand 
J.  pr.  Cbem.  zv.  1),     It  appears  to  be  identical  with  amylene. 

STHEBS.  The  t«rni  rfhrr.  originally  applied  to  oxide  of  ethyl,  the  Tolatile  hqmi 
produced  by  the  action  of  sulphuric  acid  upon  comroon  alcohol,  is  now  extended  lo  alaigs 
class  of  compounds,  formed  by  the  action  of  acids  on  alcohols,  and  includes  all  salts 
of  alcohol-ratlicles,  that  is  to  say,  all  such  deriratiTes  of  the  alcohols  as  si* 
comparable  with  ordinary  metallic  salts,  in  the  same  sense  as  the  alcohols  thetnselTt* 
are  comparable  with  metnllie  hydrates. 

Some  of  these  bodies,  commonly  calk>d  simple  ethers  (Gmelin's  Aether),  sr» 
th&  oxides  of  the  atcohol-radicles,  and  may  be  regarded  a»  the  anhydrides  of  ths 
alcohols,  being  related  to  them  in  the  same  manner  as  an  anhydrous  metallic  oxide  to 
its  hydrate.  "With  these  may  also  be  classwl  the  sulphides,  selenidew,  and  tellundn 
of  the  alcohol-radicles.  The  rc>maining  ethers,  called  compound  ethers,  which 
constitute  by  far  the  moat  numerous  class,  are  analogous  to  metallic  salts,  and  ar» 
osttttlly  subdivided  into  two  groups,  the  one  eompriaing  the  oxygen-salts  of  the  alcobol- 
radiclps  (Gmelin's  Ester,\  the  other,  the  haloid  salts  of  those  radicles,  riz.  the 
chloridw.  bromides,  iodides,  fluorides,  and  cranides  (Gmelin's  Afrr).  The  former 
may  be  derived  from  a  single  or  multiple  molecule  of  water,  in  which  part  ol  the 
hydrogen  is  replaced  by  acid-radicles,  and  the  remainder  (not  necessarily  the  vhols) 
by  alcohol- radicles,  e.g. 

Acetnte  orrthjl, 

H«l"  (SO')"!*^ 

Monethf  Uc  lulpbato. 


0- 


Moaflh)'Mc  pho'phate. 


(SO*)")"^ 
DIelbrhciulpbaUw 

(poV  r 

Dlethfllc  pbotphate. 


(c«H»yK 


Triethyllc  pboapbote. 


The  haloTd-eomponnds  of  the  alcohol-radidos  may  bo  regarded  as  formed  on  ths 
hydrogen-type  nHH,  the  hydrogen  being  partW  replaced  by  an  alcohol-radicle,  partly 
by  chlorine,  bromine,  Ac,  t.g.  ehifyride  af  ttht/l,  C'II*Cl,  dibromitU  of  ttkylgtu 
{jt?ll*Y&t*,  tribromidr  of  glycfryi  ((?H*)"'Br";  or  they  may  be  derived  from  water 
regarded  as  H.HO,  by  Hupposiag  the  HO  replaced  by  an  eauiralent  qaantitr  of 
chlorine,  &c„  and  the  hydrogen  by  an  alcohol -radicle.  This  moae  of  derivation  «aj 
also  evidently  be  extended  to  the  Qxygea-salts  of  tho  alcohol- radicles,  the  HO  in  ths 
type  being  Buppose<l  to  be  rephiced  by  the  peroxide  of  an  acid-radicle;  in  fact,  it  really 
amounts  to  regarding  all  the  ao^alled  compound  ethers  as  formed  upon  the  bydrogea 
or  hydrochloric  acid  type :  thus,  acrtaie  of  etht/l,  (7H*.C-H"0* ;  monetht/Uc  tuipl^tt, 

^^^l SO* ;  diethylic phjsphatJ'^^^^* I  P0\  &c  It  is  convenient  in  thia  respect- 
that  it  reduces  all  tljp^e  compouuds  to  the  sams  type,  which  likewise  includes »  nuabef 
of  interm(>diate  compounds,  such  as  the  chlorbydruis,  chloraeetins,  Jcc 


GljcoHc  Chlor- 
hyilriu. 

(HO 

<Cl 

Ch1«r1t]rdrtii. 


(C*H«0' 

i    a 

Glrealic  Cblorw»t1n. 


(C'H'r 


(HO 

(C-H.r|a 

Lhchlorhgrdrln. 


(CHTJg 

Dichloiid«  t4 
•tiiyteiML 

((?H»ria 

TrieMDmyMii. 
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Hie  eompoond  ether*  contain  the  elements  of  an  add|  and  an  alcohol,  imnus  a 
certain  number  of  molecules  of  water.  If  the  quantities  of  acid  and  alcohol  con- 
eemed  in  the  reaction  are  of  equal  atomicity,  i.  e.  contain  the  same  number  of  atoms  of 
r^>laceable  hydrogen,  then  the  number  of  molecules  of  water  eliminated  in  the  form- 
ation of  the  ether  oorxesponds  for  the  most  part  to  that  number  of  hydrogen- atoms ; 
b«t  if  the  atomicities  of  the  acid  and  alcohol  are  unequal,  the  number  of  molecules  of 
water  eliminated  corresponds  to  the  smaller  atomicity  of  the  two.  With  the  mon- 
atomic  alcohols,  this  nue  is  uniTersaUy  true,  but  the  polyatomic  alcohols  present  an 
ezeeption  to  it»  to  be  presently  noticed.  The  foUowing  estamples  will  suffice  to  illiw- 
trate  the  general  rule :  — 


H  i" 

+ 

AlcolMi. 

C«H»  J" 

+ 

H«0 

AosUcadd. 

Acetate  of 

athyL 

+ 

AlooboL 

+ 

HK) 

Oulteadd. 

lionMhrUe 

osalato. 

OuHeaeld. 

+ 

Sat.  Alcohol. 

.      (C«OT|o. 

DletbyUc  oaalate. 

+ 

SB*0 

(OWTjo. 

+ 

(OTTto. 

-  T^7> 

+ 

2H*0 

Saedaleadd. 

Etbrl0Ble 
alcohol. 

Sucdnateof 
vtaylene. 

Ph(Mphorie 

+ 

H    ? 

Alcobo. 

Monwhylic 
phoaphate. 

+ 

HK) 

+ 

^^'J-jo. 

_     (PO)-  »o, 

Dlethyllc 

+ 

2H*0 

Pbotpborie 

S  at.  AlcoboU 

(^r|o. 

+ 

H«    S 

Trlathylie 
pboepbate. 

+ 

SH«0 

Mid. 

Sat.Alcobol. 

Ha 

+ 

^T'lo- 

(C»H»r)0« 

H«  ja 

Moiiochlor- 

+ 

HH> 

Gijcorlii. 

'             bjrdrln. 

2Ha 

+ 

Olycvniio 

H     {Cl« 

Dicblorhydrin. 

+ 

2H«0 

flCl+^'-g'Oo 

+ 

i'^rio- 

c»h«o.h{ci 

+ 

2H>0 

AMilesdd. 

OlycOTin. 

AoetochtorhTdria. 

mci 

+ 

Gljeorio. 

-   (o-H'r.a" 

Trichlorhydrio. 

+ 

8H«0 

CitrkaHd. 

+ 

Clycerio. 

_    (CRT  \a» 

~    (Ofl^OTr 
Cltrio. 

+ 

3H«0 

In  all  these  cases,  the  resulting  ether  is  of  the  same  degree  of  atomicity  as  the 
bigger  of  the  two  bodies  concern^  in  its  formation ;  but  the  polyatomic  alcohols  are 
eapable  of  forming  ethers,  with  elimination  of  a  number  of  molecules  of  water  greater 
than  that  indicated  by  the  preceding  rule,  thereby  yielding  compounds  of  a  lower 
lype ;  thus :  — 

Gljoerin.  Epichlorbydrln. 

(C*H*r[0»+   2Ha=  C»H'.C1«        +   mH) 

"      I  Epidichlor- 

hydrln. 

See  also  the  Bboxhtdbins  (i.  668),  and  Oltcidb. 

When  the  process  of  etherifl cation  is  so  conducted  that  the  compound  ether  and  the 
water  produced  remain  in  contuct,  they  react  upon  each  other,  tending  to  reproduce  the 
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origina!  aeid  and  alcnlinl.i  Ualosa,  ther»"fon",  the  vnitrr  is  romored  M  fitft  M  it  » 
furmwl,  th©  quantity  of  the  cornjioimd  eHicr  pixxluct-d  is  iklwiiys  le«4  than  th»t  vhirb 
the  given  quantities  of  acid  and  alcohol  are  ctjpablo  of  yieldinp.  The  manniT  io  whi<4» 
the  quantitT  of  ether  ultimatply  formed,  and  tlip  rapidity  of  the  action,  are  afl«H?t*4 
the  nature  of  th*  acid  and  alcohol,  the^ir  relatiTP  qunntitie*,  the  terop^-raJiir*.  and  o|f 
conditiouji  of  the  reaction,  ha«  been  piamined  by  Bertb*lot  and  P^ao  de  Sail 
Gillea  (Corapt  rend.  liii.  474;  It.  39,  210  and  324;  R^p.  Cliim,  pure  1862,  pp^  1, 
825,  827,  369),  who  have  obtained  the  following  remlta:  — 

1.  The  qaantittes  of  acid  and  alcohol  which  vltimatdtf  enter  into  co-t  *  ^rt^ 
independent  of  the  t«iiiperatiire  and  pro,ssure  at  which  the  rpai:^aon  t-.  u«l 
are  but  little  affected  by  the  particular  nature  of  the  aeid  and  alcohol  eou..ri  ..-i,  ifw 
TuriatioM  obserred  uppearing  to  depend  on  accidental  causes. 

2.  The  rapidittf  of  combination,  or,  in  other  words,  the  quantity  of  the  cnmnonnd 
ether  formed  in  a  given  time,  variea  with  the  nature  of  the  acid  and  the  aJooboi,  mA 
with  the  proportions  in  which  they  are  mixed, 

a.  The  rapidity  of  combination  of  an  acid  of  the  eeriea  C"H'*0*  with  an  aleobol.  it 
leas  in  proportion  as  the  atomic  weight  of  the  acid  is  greater,  and  its  boiling  point  hiidwj. 

The  same  law  applies  to  monobaaic  acida  of  different  series ;  thns,  acetic  acid  etiicn* 
fies  alcohol  more  quickly  than  benzoic  acid, 

Polybawic  adds  cthenfy  alcohols  more  quickly  than  monobasic  acids. 

6.  Alcohols  of  the  same  series,  C'H*"**0.  for  example,  are  cthcrified  by  any  gives 
acid  with  nearly  equal  rapidity,  how  maeh  soever  their  molecular  weights  may  diffir. 
This  is  not  true,  however,  with  regard  to  alcohols  of  different  series;  thus,  glycerin  uutt<« 
with  acetic  acid  at  common  temperatures  much  more  readily  than  common  alcohol 

c.  With  a  given  quantity  of  acid,  the  quantity  of  ether  ultimately  produced  increasn 
with  the  qoantity  of  alcohol  present;  but  the  rapidity  of  combination  is  diminished 
by  an  eieess  of  alcohol  at  the  beginning  of  the  action,  and  increased  thereby  as  it 
approiiches  the  limit. 

d.  With  a  given  quantity  of  idoohol,  the  quantity  of  ether  ultimately  fonned  ia- 
crenses  with  the  proportion  of  acid  present.  At  ordinary  temperaturea,  the  rapidity  of 
combination  is  far  the  mo«t  part  diminished  by  excess  of  acid  at  fin^  a^d  accelerated 
nrtorwaMls.  With  6  at.  of  a  monobasic  add  to  5  at.  of  a  monatomic  alcohol,  the  ruts 
of  combination  is  accelerated,  even  from  the  beginning.  At  100'' C.  the  aeoeUmtifig 
influence  of  an  excess  of  acid  is  still  more  marked, 

3.  The  ethers  of  monobasic  acids  resist  the  action  of  water  longer  than  those  of 
polybasic  acids.  The  amount  of  resistance  which  a  compound  ether  offer*  to  the  de- 
composing action  of  wat*r  is  determined  by  the  nature  of  the  acid,  not  of  the  alcohol, 
conccrnedf  in  its  forrantion.  In  general,  the  ethers  corresponding  to  acids  which  ifs 
most  diificult  to  etherify,  are  likewise  those  which  offer  the  greatest  leaistaDce  to  dio 
ai'tion  of  water;  thus  butyrate  of  ethyl  is  less  easily  decomposed  than  the  acetate,  and 
this  less  easily  than  the  formate. 

The  quantity  of  an  ether  decomposcfi  by  water  increases  with  the  quantity  of  water 
prei'f'nt;  but  ethers  are  never  completely  decomposed,  even  by  a  very  great  rsecM 
of  water;  neither  can  such  an  excess  completely  prevent  the  combination  of  an  alcohol 
and  an  acid,  though  it  diminishes  the  total  qnivntity  of  ether  produced, 

4.  Pressure  appears  to  influence  the  phetiomena  of  etherificAtion,  as  well  as  of  oth« 
kinds  of  chemical  action,  not  directly,  but  only  so  far  as  it  affects  the  proximity 
of  the  moleculesof  the  Hctiup  substances.  Hence  when  both  bodies  are  in  the  Uqoia 
etiit/e,  which  admits  of  but  little  variation  in  the  molecular  interralfl,  the  result  iswo 
slightly  affected  even  by  great  Tariatiotis  of  presBiire ;  hut  when  the  acting  bodies 
are  wholly  or  partly  in  the  gaseoas  state,  as  when  acetic  acid  and  alcohol  aw  htated 
together  in  closed  Tessels  to  200*"  0.,  the  action  is  retarded  by  diminution  of  pi'cswtfs 
On  the  other  hand,  the  authors'  experiments  have  brought  out  the  somewhat  ubm- 
pected  result  that  the  limit  of  the  quantity  of  ether  producihle  from  a  given  quantity 
of  an  add  and  alcohol,  becomes  greater  as  the  inlermolecular  distance  is  increwed. 

We  proceed  to  enumerate  some  of  the  prineipal  ethers,  and  give  a  geneml  yitm  di 
their  formation  and  reactions. 


Stbera  eontalnlag-  Monatoxnlo  Alcohol-raoiclfl 

L  Oridt't. 


Met  hylic  oxide 
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Tetrylic  oxJd« 
Hethjl-amjlie  oxide 
Ethyl-amylic  oxide. 
Aroylic  oxide  .  . 
Metbyl^octjlic  oxida 
Ethyl-oc^lic  oxide 
Amjl-octylic  oxide 


C*H"t 
C»H"i" 


Oi^ylic  oxide 
Ethyl-cetyUc  oxide 
Cetjlic  oxide  , 
Al]jlic  oxide  , 
EtbjI-allylie  oxide 
Pli^njUc  oxide  » 
Denxylic  oxide 


c»H»r 


The  compounds  obtained  by  the  action  of  potessimn  or  eodium  on  the  aloohols,  nieh 
u  ethyfo'sodic  oxide,  tihiflate  of  sodium,  or  sodiitm-aleokol,  C'H'.Na.O,  are  bodiee  of 
analogous  constitution ;  bat  as  the  metal  ia  easily  replac^ble  by  an  alcohol-radide, 
they  are  perhaps  more  like  alcohols  than  ethers.  The  oxides  of  some  of  tlie  organo- 
metallic  bodies,  such  as  oxide  of  cacodyl  (CTH'As)*©,  are  also  analogous  in  composi- 
tion to  those  in  the  preceding  lists,  but  they  are  cot  osualiy  classed  as  ethers. 

The  simple  ethers  are  produced :  1.  By  the  action  of  the  iodides,  bromides,  or  chlo- 
rides of  the  alcohol-radiclea  on  the  potasainm-  or  sodium-alcohols,  e.g. : 


C^rT'.Ntt.O 

Etbylate  of 

CH'NaO 

KMlium. 


C*H»I 
l«dtdr  of 

lodid*  or 

ethjL 


Nal 


.       Nal 


Ribfllc 
Mhsr. 

CH'.C'H'.O 

Melli)  l-rllijrlic 


2.  By  distilling  an  alcohol  or  a  mixture  of  two  alcohols  with  sulphuric  add  (L  76,  78). 

Oxide  of  methyl  is  guseous;  oxide  of  cetyl  and  ethyl-cetylie  oxule  are  solid  and 
rry«t4illine ;  all  the  other  ethers  in  the  preceding  list  are  liquids,  more  or  less  mobile, 
and  capable  of  voLitilising  without  decomposition.  Tbey  are  all  neutral  to  Tegetable 
oulonrs.  With  acid*  they  bebare.  for  the  most  part,  like  the  alcohols ;  thus  oxide  of 
ethyl  treatM  with  sdpLuric  add,  Ttelds  acid  sulphate  of  ethyl,  and  with  hydrochloric 
aciu,  chluridc  of  ethyU  Ptraidpnide  of  phoiphnrtis  transforms  thom  into  sulphides. 
Altogether,  howerer,  they  are  loss  energetic  in  their  chemical  relations  than  the  alcohols, 
juat  OS  anhydrous  metallic  oxides  act,  for  the  moat  part,  less  energetically  than  the 
Oorreapondiag  hydrates. 

The  simple  ethers,  treated  with  eUorine,  yield  chloriofflted  ethers,  such  is  (CHKl)*©, 
(C»H»C1»)*0,  &c.  By  treating  dichlorethylic  ether  (C"n*Cl)'0  with  cinc-tthi/f,  an 
atom  of  chlorine  is  remoTed,  and  its  place  supplied  by  ethvL  formiug  the  compound 
CII*(C-1PU  r.  -        - 

CII*Cr*  I  ^  '  ""'^  *''"  product  again  treated  with  eine^etbyl,  yields  tlie  compound 

C*H*( C=1I*U ^'     C^'*^*"  •'"^  Bauer,  Ann.  Ch.  Pharm.  cixiii.  180.) 

2.  Sulpkidta,  Stltnidet,  and  Ttllnridtt  ^ MomU<mie  Alcokol-rcdicUt, 

The  protosalphides  of  the  monstomic  alcohol-radicles,  called  sulphydrie 
rtbera,  are  exactly  analogoos  in  composition  to  the  oxides,  e.g.  auiphidt  (^ ethyl  >m 

C*II*  [  ®*     '^^y  '"'*'  produced  by  the  action  of  the  chlorides,  iodidta,  or  8ulphat«s  of 

th«  eorresponding  alcohol-radidcs  on  the  protosulphides  of  the  alkali -metals,  e.g.t 

2C»H»C1  +  K»S  -  2KC1  +  ((7H»)»S. 

Also  by  the  action  of  pentasulphide  of  phosphorus  on  the  corresponding  oxygeo- 
ethers ; 

6(CH»)K)  +  PS»  -  P*0»  +  5(Cr'H')'S. 

By  these  menus,  the  sulphides  of  mfthj/l,  rthyl,  (tmyl,  octyl,  crtyf,  and  allyl  Lotc  been 
ol^taioed:  (he  last-mentioned  sulphide  is  also  the  essential  constituent  of  Tolatile  oil 
of  garlic  (i.  143). 
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TBeiie  compwrnids.  whioh  air  the  fthers  at  the  sulphydric  alcohols,  or  meMXptaaa»  an 
fetid  oils  or  erj'statline  solids,  insolable  iti  wali-r.  Treated  with  ftitrio  aciJ,  they  fit\d 
raoDobiisic  aiTidii  containing  solphur  «nd  oxygeo :  sulphide  of  ethyl,  for  exumple,  yiddt 

«th7l-milphun)aa  acid,      /^cjo^-fO'-     With  cAfonn*,  thcj  yield  Bobstitutioo-prodafta. 

8u/phidet  containing  two  akohol-radicka,  anidogoup  to  methjl-ethylic  oxide,  &c, 
ara  obtained  by  heating  in  a  aeak*d  tub«  a  raixttire  of  an  aloohol  with  the  disulpbo- 
phoaphate  of  another  alcohol-radicle,  thua  : 


(PSr{0» 
(C»H»)'is 

blnulphopihrn- 
(iliarertr  ethyl. 


Hi" 

Methvllc 
alCohoL 


C^H»P 

MptbrLetbyllc 
lulpblde. 


Dlrttijl-«ulpbO- 
phosphortc  acid. 


Ftbul-nmtflic  nufphtdf,  C*H'.C"n".S,  is  obtain<Ki  in  a  similar  manner.  ThcM 
conipour)d5  are  volatile  liquids,  res^'oibling  the  simple  alcoholic  sulphidea  fn  tlutr 
phyi<ic*l  and  chemical  properties.     (Oarius,  Ann.  Ch.  Pharm.  cxix.  313.) 

The  mercaptans  tr<>at<<a  with  motals  or  metuUic  oxides,  yield  sulphides  containing 
*  metal  and  aa  alcohoUradide ;  tlins  ethylic  niercaptan  tre.'it«d  with  sodium  jrields 
ethylo^odic  mi/phide,  C'H'.Na.S.  iSuch  compounda  tivut'Cd  with  the  iodide  of  another 
alcohol-radicle,  appear  to  yield  mixed  alcoholic  sulphides,  like  those  above  meatioiMd. 
Bee  Ann.  Ch.  Pharm.  cxi.  62. 

Peraulphides  of  alcohol-radicle*!,  snch  aa  CH".8,  C*H*.S,  analof;oii«  to  pensirU 
of  hydrogen,  are  obtained  by  tlie  action  of  the  chlorides  or  acid  sulphnt^s  of  thiwf 
radicles  on  thp  p«r«ulpbide8  of  the  alknli-metnls.  They  nro  relat«Hi  to  the  {ir«;ti>- 
■nlphidoB  above  mentioned  in  the  same  miinner  as  peroxide  of  hydrogen  to  waf»^. 
They  nre  fetid  liquids,  henirier  than  wiitiT,  and  volatile  without  decotiipo'fition.  With 
nitnc  acid,  they  yield  the  same  products  as  the  prctosulphides.  Their  alcoholic  sola- 
tions  yield  white  precipitates  with  acetate  of  lead  and  mercuric  chloride. 

The  Sfllenidca  and  tellarides  of  the  alcohol-radicles,  f.q.  (C*H*)'Se  and 
(Cn*)*re,  are  obtained  like  the  corresponding  sulphides,  via.  by  distilling  a  Uielallie 
seleoide  or  tcUuride  with  an  ethyl-sulphate,  or  homologooa  salt,  r  ^. : 


2(Cn».K.S0«)  + 

Eth}  (••uliihate 
ol  poUitrUim. 


K«Se  =  2K*80' 


Sclontde  of 
ttbjfU 


The  mdhi/l-,  ethyl-,  and  aw!^/^compounds  of  tfUm'um  and  ttllurium  haTe  beta  ob. 
tained.  They  are  extremely  fetid  oily  liquids,  heavier  than  water.  By  expomue  to 
the  air,  they  are  converted  into  basic  oxides,  v,g.  (CH*)-Se.O,  capable  of  forming  »}lf 
with  acids.  They  are  likewise  oxidised  by  nitric  acid  and  converted  into  nitnles. 
This  basic  property  of  the  alcoholic  selenides  and  telhmdes,  which  is  poeaessed  to  n 
slight  degree  only  by  the  corresponding  sulphides,  approximates  them  to  the  oigano- 
metallic  bodies^  the  arsenethyls,  stannothyls,  &c 

3.  Oxyge n- talis  of  Monatomic  Aloohol-radicUs, 
a.  Containing  Monatomic  Add-radidtt. 

These  ethers  may  be  derived  from  monobasic  acids  by  the  substitution  of  an  alrwln 
mdicle  for  the  basic  hydrogen.  They  are  very  nameroos ;  in  fact-,  everj*  rannol>(<5ie 
Hcid  appears  to  be  capable  of  forming  such  compounds,  at  least  with  the  alcohol-ndidei 
containing  but  a  noall  number  of  carlKtn-atoms,  such  as  methyl  and  ethyh  Tfarj  an 
produced: 

I.  By  the  action  of  ft  Bilver4alt  on  the  iodide,  bromide,  or  chloride  of  an  aloohol* 
radicle: 

C«H»O.A«.0  +  C»HM  =  CH'O.Cm.O  +  AgL 

AecMteof  Iodide  of        AccUie  of  ctbyL 

•liver.  ethji. 

2.  By  the  reaction  of  an  acid  with  on  alcohol,  especially  with  aid  of  heat : 

CTI»O.H.O  +  CTP.n.O  =  C»H'O.CH».0  +  H'O. 

Acetic  It-Id.  ElhvUc  AreUte  of  ethyl. 

3.  By  distilling  a  metallic  salt  with  snlphiiric  acid  and  an  alcohoL  or  by  paam^l 
drocliloric  ar-id  gtis  into  an  alcoholic  solution  of  an  scid. — 4.  By  the  dry  distiUatkaV  _ 
metallic  salt  of  an  acid  ether  {t.g.  ethyl-sulphate  of  potaasiom)  with  thesttlt  of  aaedMf 
acid: 

C»H»O.K.O  +  SO».C*H»Jf.O»  =  C»H'O.C»H».0  +  SO'.K'.O*. 

Acrtntpor  Ethvl  iill(>hAt>- of  Aci-tatcofcthyl.  Nevitritl  lul- 

potttMlaiu.  potuiiitni.  pttAtt-orpo. 

taMiujB. 
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6.  By  the  polntioii  nf  an  aci'd  uihydride  in  ao  alcohol ; 

((7H*0)K)  +  CHMLO  -  C'H»O.C*n».0  ♦  CTPOJL(K 

B^niiilr  Alcohol.  Bw»uM«  of  Mhyi.         BwUMle  mM> 

6.  B7  the  KCtioD  of  an  acid  cbloridA  oa  an  alcohol : 

C'H'O.Cl  +  0'H».H.0  -  C'HK).C'H'.n   i-  HCL 

Chli>ri<ivor  Alcotiol.  fkmsoateoreiliyl. 

The  stronger  tnincrul  acidi,  such  lui  mlphuric  and  nitric  Hcid,  fth^nfy  the  alcoliob 
ditvcUjr:  oialicadd  i*thfrifiesethjlie  alcohol  wh*!]  the  latter  i*add«yJ  drop  by  drop  to  the 
meid  at  a  high  tempM^aturc  SomptimfH  the  etberificatJoii  takea  place  graduiilly  when  th« 
acid  and  the  alcohol  are  mixed  together,  and  exposed  for  some  diiys  to  a  gentle  heat ; 
■Qcfa,  according  to  Liebig,  ia  the  caae  with  oxalic  acid.  GcnemUy  ipcaking,  however, 
omioic  at'ids  eth<^rify  the  alcohols  only  when  ussisted  by  sulphuric  or  liydrochlorio 
•eid,  or  wh<*n  h<^«t<»d  for  a  long  time  Mnth  the  alcohol  in  sc^ili'd  tul»e«.  The  mineral 
arid  probably  acta  hy  abntnipfing  the  water  Bet  fn-e  in  th«'  etherification  ;  or  tta 
influence  may  be  Bimilar  to  that  wbicli,  acx'ording  to  Berthelot  and  P^an  de  Saint- 
Gillea  (p.  SlU),  ia  protluced  by  an  excess  of  the  etherifying  ucid.  The  alcohols  are 
etheriftM  hy  anhydrides  much  more  quickly  thiin  by  acids,  and  »rill  more  easily  by 
the  ehlotidea  of  the  acid  radicles.  Some  organic  acida  (benjtoic,  btityrJc,  pdnj'itic) 
prodoM  eompound  etbr-r«  wlien  h^Ated  with  the  simple  ethera  (ozidea)  to  360^  or 
400<»  C.  in  a  sealed  tube.     (BcrtheloL) 

Themonatomic  o  xy  gen-ethers  are  liquid  or  solid  bodies  Toktila  without  decom- 
position. The  Iwilinj;  point  of  a  roonatoroie  methyl-ether  is  about  63"  C.  below  that  of 
theeorreapoading  aeisl,  thatof  an /thy l-ether  about  44**  C.  below  that  of  thea^^id.  They 
are  insoluble  or  sparingly  soluble  in  water,  bat  mix  in  all  prop<^rttons  witii  commoo 
alcohol  and  ether.  Tiiey  do  not  iramediuloly  exhibit  the  reactions  of  the  adds  from 
which  they  are  derired-.  but  by  proiongeil  coutact  with  water,  thev  are  reaolred  moie 
or  Icflaqtiickly,  especially  iit  the  ttoiling  bent,  into  acid  and  alcoliol,  e,g. : 

C'H»O.C*H*.0  +  H'O  -  C1I»0.H.0  -t-  C  H'.H.O. 

8«n(o«teorclh;L  Bentokc  mi4.  Ethvltc 

alcohol. 

Thia  transformation  is  more  qnickly  effected  by  boiling  with  catatie  alialu,  espe- 
eially  in  alcoholic  solution ;  it  is  likewise  produced  by  the  stronger  aeuU,  saeh  oa 
sulphuric  or  hydrochloric  acid.  The  ethere  may  be  distinguished  one  tram  the  vtlMV 
by  the  properties  of  the  acid  and  alcohol  thus  obtnined  from  them. 

The  monatomic  compound  ethers  oro  converted  by  ammonia  into  an  alcohol  and  Ml 
■nude,  t,  9. : 

CH*O.CPH'.0  +  NH«  -  C*H'.H.O  +  N  H'.CHH). 

ArrUte  of  *th»t  .ikohol.  AcptamMe. 

Tlie  ethers  nre  likewise  decomposed  by  the  more  ba«iic  anhydrov*  oxidn,  when 
heated  therewith  in  sealed  tubes,  the  action  beinc  nimilur  to  that  which  takes  place 
•with  the  alkaline  hydrates,  excepting  that,  inetend  of  an  alcohol,  a  metallic  alcobolate 
is  formed  in  the  first  instance,  and  this,  when  treated  with  water,  yields  the  alcohol 
Hiid  »  metnllic  hydrate.  The  following  equations  exhibit  the  reactions  with  a  hydrated 
and  uJ>  iiiihydruUB  oxide. 


0 


„c»u»o 

ArrUUp  u( 
Bih>l. 

Ai'i'iat    i>r 


of  b»/iujn. 


O'  - 


•♦■    2Bu*0    - 
oxid*  or 

Ixirkum. 


Aci  Utr  01 

Ifiir'tini. 

Ai'>-lilti<  of 


^  H    i^- 

t.tii)Jii: 
«ii  hu<. 

barluin. 


(Berthelot  and  Flenrien,  Corapt.  rend.  li.  1020). 

The  cyanates  of  the  alcohol-rudiclea  forma  group  of  momilomic  ethers,  which  are 
distinguished  by  particular  mictions,  iniinmuch  as,  under  tiie  intlnence  of  water  and 
alkalis,  they  split   up  aa  if  they  wurt-  formed  on   the  ammouia-type  instead  of  the 

water-tj-po;    thus   cyanate   of  ethyl   may   be   represented   either  aa     ^^  [Ooraa 

!t,Q.»     Accordingly,  when  treated  with  water,  they  yield  compound  ureas ;  also 

when  treated  with  ammonia,  ethylnmine.  phenylaminc.  and  otner  organic  ba«e«. 
yr\\tn  distilled  with  cau.«tic  alkalis,  they  yield  an  alkaline  carbonate  and  an  amine. 
(Six:  Ctantc  Kthpbs,  p.  l!)r>.) 

Another  rlass  of  monatomic  others  requiring  special  notice  ore  the  araethancfi,  or 
ViiL.  II.  L  L 
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eth*^  of  amJc  «cid».     They  &re  obtaint^d  by  the  action  of  amiBomA  on  th« 
atbers  of  tlie  dibasic  acide^  from  vhieh  the  unic  Acidb  are  derived  ;  thiu 

(cor  t"  ^        ~     c-H»   ;" 

Ciirb'  nate  C«rbHm«t«  of 

of  ethyl.  ethyl. 

Oui'tfl  of  Osiuniite  o( 

ctbjL  ethyl , 

The  al.eohoh'f  carbamatfs,  or  carl>avuthanr*,  or  wethanr*,  may  aIao  be  obtainad  Ij- 
the  action  of  iimraonia  on  the  chlorocarbouic  ethcn  (i.  916),  e.  ^. : 


)-io 


C»H».ttO. 

▲IcolioL 

CH\H-0. 

Alcohol. 


gSrjo    .  NH.  .   «HJCpr|o  , 


HQ; 


or  by  the  *eUaa  of  cyAnie  acid  TaponTf  or  gasmiu  chloride  of  cyanogen,  on  tba 
alcohols : 


0  + 


0 


H    J'^  ^    H  , 
CN.Cl  +   H*0 


+   HCL 


The  oxamat(4  of  methyl,  ethyl,  and  nmyl  have  Wn  obtained  ;  also  the  earbanutet 
of  the  eame  radielea,  together  with  carbamata  of  tetryL 

The  amethanM  are  solid,  crystaUisable  bodifis,  which  an  oonTerted  by  ammonia  b 
an  alcohol  and  a  diamide : 


0    +   NH»  = 


0  +  N» 


(CO)- 


J(CO; 


Tl>ey  arfl  decomprtsed  by  alkalis,  by  boiling  minem]  acids,  and  partiallr  by  watex;! 
carbami'thanes  yieldiajr  an  al<»hol.  ammotjia,  and  eurlKjnic  anhydride,  the  oxj 
the  Ksme  products,  with  addition  of  carbonic  oxide: 


NIT'(CO)' 
CartHincthatie. 


O  +    EK) 


cm' 

AlcoboL 


O  +NH«   +   CO*, 


The  acids  formed  from  carbamic  acid  by  the  substitution  of  an  alcohol-radide  for 
part  of  the  hjdn^cn  to  th«  amraoniura-moleciile  may  also  be  mentioned  hern:  e.^.  etfarl- 
carb„mica<.i.l,NH(C^H*)(COrjo^.^5j^ 

A  few  monatomic  compoond  ethers  are  known,  in  which  the  oxygen  is  wholly  of 
partly  replaced  bj  sulphur,  lis.  thiacctate  of  ethyl,  rmmrS^t  «">d   the     tnipkocytni 

fther$,  such  as  sit/phocyanate  of  tihj/l^    ...     j  3,  and  mtJphoeyttnaU  of  atfyl,    n-   [s, 
which  is  the  principal  conatitnent  of  Tolatile  oil  of  mustard. 


b.  ConUaning  Diatomic  Add-radicUi, 

These  ethers  may  bo  derived  from  dibasic  acids  by  the  partial  or  total  replaeaiMi 
of  the  typic  hydrogen  by  a  monittotnic  alcohol-radicle.  The  ether  in  acid  oraeata^ 
BCi'ording  as  half  or  the  whole  of  the  typie  bydrogen  is  tfaas  replaced. 

The  neutral  diatomic  etben  of  monatomic  alcohol -radicles  are  prodnoed  by  the  mmt 
reactions  as  the  monatomic  corapoand-ethers  (p.  iiVl\  When  the  corresponding  sri<fa 
are*  not  volatile  without  decorapoaition,  these  ethers  (those  of  malic  and  tartaric  ac^ 
for  example)  are  decomposed  by  distiiktion,  and  cannot  therefore  be  prepared  brtlut 
process.  They  are  usually  obtained  by  j^osaing  hydrochloric  acid  gas  into  a  sohiiias 
of  the  organic  acid  in  the  aloohnl,  neutralising  the  resulting  liqnid  with  carboasi*  «( 
■odium,  uien  shaking  it  up  with  common  ether,  which  diasolrea  the  eompovnd  edw 
produced,  and  evaporating  the  solvent 

The  fbUowiiig  are  examples  of  these  ethen: 

Oxalate  of  AUjI [S^^V 

(CH*)»       ni 
Succinate  of  Methyl   ...,.,        ,        ''C*H'0^''i 
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CMnphontte  of  Ethyl (C'Sp^^V^* 

Sulphate  of  Methyl (^<?|^' 

ThflTO  are  also  diatomic  ethen  containing  two  diflferpnt  aloohol-radiclea :  they  are 
obtained  by  distilling  a  salt  of  an  add  dii^mie  ether  with  a  salt  of  ethyl-solpharie 
or  an  analogooa  add  (Chancel),  e.^.: 

(CK)«)-j       (8o«ri"  "  (so«rr      (c^ot  r 

Bthyl^xaUto       MeihyUulphat*  Neutral  Methjrl-Hhylie 

ofpoUMlum.  of  poUMlum.  inlphateof  oxalate, 

potutium. 

The  netUral  tUatomie  etkert  o/monatonUe  ateokol-radieUt  are  resolTed  by  the  action 
of  water,  or  more  quickly  by  that  of  a  eatutie  alkali,  into  an  alcohol  and  a  salt  of  an 
•eid  other,  or  into  an  alcohol  and  a  salt  of  the  corresponding  add : 


Ox«Ut«  of  Ethjrl-oxalate  AlcohoL 

MhyL  of  potMttuin. 

Oulata  of  OxaUtA  of  Aloohol. 

•thyl.  pnUuium. 

AmmoniOy  according  to  the  proportion  in  which  it  is  added,  conrerts  the  diatomic 
others  into  an  alc(rfidl  and  an  ether  of  an  amic  add  (an  amethane),  or  into  an  aloohol 
and  a  diamide : 

(C«H»)«)o,  ^   iTH»  -       C'H'lo        ^      C«H»      )o 
UPO^rr    -^   ^^    -        Hi"        +NH«(CK)Tt 
Ox«lM«  of  AlcoboL  Oumate  of 

cthyU  etbjrl. 

OxitUw  of  AlcohoL  Oxainid*. 

MbyL 

The  tUatomie  add  ethen  of  monatoptie  aloohol-radiclea  are  produced  by  heating  the 
alcohols  with  certain  dibasic  adds,  or  by  treating  a  neatnd  diatomic  ether  (oxalate  of 
ethyl  for  example)  with  only  half  the  quantity  of  alkali  required  to  resolve  it  com- 
pletely into  add  and  alcohol  (see  aboTe). 

These  add  ethers  in  the  free  state  are  for  the  most  part  rather  unstable,  being 
easily  resolved  into  add  and  alcohol  by  boiling  with  water  or  with  an  alkalL  Most 
of  them  are  decomposed  by  distillation.  They  are  monobasic  adds,  and  form  salts 
iriiich  are  usnally  more  stable  than  the  acids  themselves,  and  serve  for  the  preparation 
of  other  ethers  by  double  decompodtion;  e.  g. : 

(SO*)-  i"    *      K    i""  (SO«)-t"    *  C?H'0!" 

Eihjrl-toli'hiito         Acetate  of  Sulph«teof  At-eUteof 

ofpoUMium.  potaMlutn.  potaMium.  ethyl. 

Thesulphocarbonic  ethers  are  diatomic  ethers,  similar  in  constitution  to  thust 
iart  described,  but  having  the  oxygen  more  or  less  replaced  by  sulphur.  The  follow- 
1^  are  examples  of  these  compounds ; 

Ethyl-sulphocarbonic  add cqp^Ht^' 

Diethylic  sulphoearbonate rC*H*')*(^' 

l^yl-disulphocarbonic,  or  Xanthic  acid      .        .        .  (W^hI^ 

Diethylic  disulphoearbonate,  or  Xanthic  ether      .        .  fC'H*)*!'^ 

Ethyl-trisulphocarbonic  add C^H*h(^ 

Diethylic  trisulphocarbonate fCH*)*!^* 
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The  difiulphoc&rlMnates,  acid  and  neutral,  of  meih^fl  anil  ennyl,  are  knoim ;  ifao 
cettfhliavlphucarbonic  acid. 

Th*'»e  ethers  may  ulro  be  regiird««d  som  conipoands  of  carbonic  anhydride,  or  of  di- 
Bnlphide  of  mrbon,  with  the  protoxides,  protosuJphides,  hydrates,  or  Bulphrdralcs  .»f 
aleohol-radioles ;  e.g.  xanthic  acid  =  QS>':{C^R''.]1.0) ,  xautkic  'thr  =  CS^JC^H^jX). 

Ther<$  are  likewixH  ethers  cooBiating  of  carbonic  anhydride  or  disolphide  of  earboo 
combinKl  with  an  alcoholic  persulphide ;  e.g. 

EthyI-8nlphocarlx)me  perstdphide  or  Bicarbonate  of  ethylie  persnlphide  CO'.OH'fiL 

Ethyl-diflulphocarbouic  peraulphide  or  BiozyBnlphocarbonate  of  ethyl  Cg  >  C?H*& 

The  iwthfit-  and  trmyZ-di^iiipbocarbonic  persulpbidea  are  alao  known. 

For  the  formation  and  properties  of  all  these  cornpoundi,  mo  SoxPBOCABSognc 
Ethbrs. 

The  chlorocarbonic  ethers  (i.  916),  derived  from  the  carbonic  <>thcn  by  tie 
■nbstitution  of  an  atom  of  chlorine  for  a  molecule  of  the  peroiid**  of  an  aJcubol•radict^ 
ft  o.carAcwife'  o/rMyf- (COj".C«H*O.C«H»0 ;  ehlorwarbonaU  ojtthyl  =  (COf.C'H'O.a, 
■uo  belong  to  thLa  place. 

e.  Containing  TViatomie  Aeid-radicU». 

These  ethers  nre  derived  from  tribomic  acids  by  the  partiAl  or  tofal  sabstitattcio 
uf  an  ulcohol -radicle  for  the  hanic  hydrogvn.  Every  tribasic  add  ia  capable  of  form- 
ing three  sach  ethers,  which  are  dibasic,  monobaaic,  or  neutral,  accordiiig  as  1,  2,  or 
S  at,  hydrogen  are  thus  replaced.     Thos  from  citric  acid  are  formed 

Monomelhylic  citrate  (dibaaic)       ....  C1I»  \  O* 

Dimethjlic  citrate  (monobaaic)       ....         tCH«)«fO* 

(CTi»o*ri 
(CH»)»r 

Ethers  of  aconitic,  arsenic,  boric,  chelidoaic,  citric,  cyanuric,  meconic,  phospbono* 
and  phosphoric  acida  have  likewise  been  obtained.  The  mode  of  formation  aad  dM 
reacTiona  of  these  ethera  are,  for  the  moat  part,  similar  to  those  of  the  diatomie  atiun 
(p.  ftl5). 

Tiie  diethvlic  and  triethylic  phosphates  are  produced  Bimnltaneoiuly  by 
heating  alcohol  irith  phosphoric  anhydride  in  scaled  tubes : 


Trimethylic  citrate  (neutral) 


O" 


{C-fl*)'.H[*^* 


(por 

(CH»)« 


0»  -h  2HK); 


and  in  like  manner,  «Icohol  heated  ^th  anlphophosphoric  anfiydride  (p^ntamlphide  of 
phosphorus)  yields  diethyl] c  and  triethylic  disulphophusphates  : 


H 


CH't 


(PS)- 


s»- 


(PS)*  )0» 
(CH»)^ts 


(PS)~  »o« 
tC»H*)'i3 


+  HK)  -t.  H»SL 


A  precisely  similar  reaction  h  obtained  vitb  mefhylie  alcohol  and  th^  pentasn]phi<)« 
With  amylic  alcuhot,  however,  the  products  are  diamylic  diaulphophosphat^ 
and  triamylic  tetrHBulphopbosphate,  PS.(C*H")*S*,  probably  thiu: 


n[C'H" 


All  thrtie  flulphophoaphoric  ethers  are  oily,  disagreeable-smeiling  liqnida ;  the  neatnl 
ethers  are  insoluble,  or  nearly  so,  in  water ;  the  acid  ethera  soluble ;  they  ai«  all 
Boluble  in  common  alcohol  and  efhtsr.  The  acid  ethers  form  crystalline  salts  vith 
motflJfl,     (Carina,  Ann.  Ch.  Phartn.  cxii.  ISO;  Kovalevakj,  itnd.  <^i«   803.) 

4.  haloid  Salti  of  Monatnmic  Alcokof^radifUs. 

The  chlorides,  bromides,  &c.,  of  these  nwliclea  may  be  regarded  as  formed  1 
the   aloohola   by  the  substitution   of  Ci,   Br,  &c.,   for    HO;   e.g.   raelhylic  i 
CH'.HO;   chloride  of  methyl   CH'.Ci.      They  are  pp>duced   by    (ho  action  „ 

chlorides,   bromides,    and    iodides  of  hydrogen,  the   metals,   or  phosphoraa  on   

alcohols.  They  are  mostly  liquid  ut  onlinary  timppraturea ;  chloride  of  methyl, 
however,  is  gaseous.  They  are  deoomposed  by  ptitjfih,  cpppcialiy  in  alcoholic  *oluTi.->n, 
and  by  moiat  oxide  of  «ilr«p,  yielding  the  correapoadiug  alcohola,  and  a  metalli- 
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elilflridi^  bromide,  or  iolide.  Thcj  combine  directly  with  ammoniA  aad  its  busk  d«ri- 
VBtiraa,  forming  aalts  of  aminM. 

Of  the  flaorides  of  the  alcohol-mdiclM  Tery  litUe  if  known. 

The  alooboUc  e7aDid«§.  or  cyanhjdric  cthera,  belong  to  tha  haloid  groap, 
bat  diiKr  eonnderably  in  tbetr  propertiea  and  in  their  model  of  tonutiea  ftom  the 
chloridM,  bromide*,  and  iodidm. 

For  the  parttmhir  properticD  of  all  thrae  cotnpoundfl  ace  Bromidsb  (i.  672), 
Chloudss  (i,  807),  Crairwxs  (iL  303J,  and  Iodibss,  uf  Aijoohol-kaxhcles. 

CUcrinaitd  Oxygm-4QlU  of  AJtsokol-radicltt — CMoroeoryxtgated  Ethrra.  —  Whfin 
chlorine  ia  p««>od  into  »  componud  «tii«r  containing  an  alcobol-radicle  of  the  ethyl- 
iteriea,  OH^'i-l.  hydrochlnrir  acid  is  evolved,  and  the  hydrogen  remored  ia  replaced  by 
chlorine,  the  action  osuully  t>cginning  with  the  labadtatioD  of  2  atoms  of  chlorine  ia 
thia  manner,  so  that  the  coinpounda  formed  are  aacb  as 

DichlorinatedAcoUte  of  Methyl  .        .        C«H*a»0»  -      ^h^Jo. 

Dichlorinated  Formate  of  Ethyl    ,        .        .        C»H*C1«0»  -    ^^^^'fO- 

These  dichlorinated  ethere,  when  treated  with  alkaiia,  do  not  reprodnce  the  alMhola, 
bat  exchange  their  2  at  chlorine  for  2  at  HO,  derived  ^m  tbe  aHuliae  hydrate, 
prodneing  an  alkaline  chloride,  the  fatty  acid  rorresponding  to  tbe  alcohol  from  whirh 
the  ether  is  derived,  rind  the  acid  whose  radiole  ia  actaally  contained  in  tlie  ether. 
Thni,  either  of  the  chlorinated  ethem  above  mentioned  yielda  with  potaah,  chloride  of 
poCmiiittBi,  formic  acid,  and  acetic  acid  : 

C'E^l^  +'2ZH0  -  2KCI  +  CHK)«  +  CH*0'. 
Ia  short,  either  of  these  bodies  acta  with  an  alkali  joat  like  a  dichloride  of  formyl  and 

By  the  continued  action  of  chlorine  especially  in  sunshine,  the  whole  of  the  hydrogen 
contained  in  the  ether  is  replaced  by  cyorioe,  and  a  perchlorinated  ether  is  formed, 

aach  as  perchlorinated  acetate  of  ethy  1,  C'CW  -  (S^lio!^-  ^^*°  ****  **^°^  " 
somewhat  less  prolonged,  or  less  eoei^etic.  intermediate  prodocta  are  formed. 

The  pcrchtorinated  ethers,  when  detHitn posed  by  heat  caustic  potash,  or  ammonia, 
split  up  into  groups  containing  sep&rutely,  the  carbon  belonging  to  the  acid  radicle,  and 
that  which  belongs  to  the  alcohol-nidicle.   Perehlorinattd  oxaUte  of  fihyl,  for  example, 

fC»Cl»)U^''  *'^*<^'*  ™*r  '^  regarded  as  /(^«ovt*^*'  "  "sol'f***  ^7  heat  into  car- 
bonic oxide,  oxvchloride  of  carbon  (phosgeneX  via  chloride  of  trichlonicetyl  (perchlo* 
rinated  aldehyde) : 

c>a«o*  -  CO  +  cocp  •»-  2C»ci»o. 

This  last  prodnct  (C*C1'0)  is  always  obtained  by  the  action  of  heat  on  the  per- 
chlorinated  ethyl-ethers.     PrrcMorinaUd  acctaU  of  ethyl,   ^i^iQ  [  0,  or  ^^^j^],  J  CI", 
split*  up  at  once  into  2  at  C^*0. 

The  same  perch  lorinated  ethen.  when  dMompoeed  by  potash,  always  yield  trichlar- 
■eetic  add ;  and  with  ammonia,  trichloracctamide,  «.  y. : 

c»ci«oia  +  iKHO  ■  ^^"  +    '^t.    H    t    r 

oratbjrL  utd. 

atb«T«  ooeUdnlBK  Aimtomlo  Al«oliol-»dioles  t  Ol7««Uetli«r«. 

1.  Oxides, 

The  three  following  have  been  obtained :  ^-> 

Oxide  of  ethvleno (C7H*)*0 

Oxide  of  tritylene (C»H«)"0 

Oxide  of  amylene (C'H'*)-0 
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Thfwe  compounds  arc  isomeric  with  the  aldehydes  of  the  &tty  acidfl.  e,  g.  oxide  of 
ethylene  with  acutic  ildeliyde  (i.  106). 

Oxide  of  ethylene,  produced  by  the  action  of  potaah  on  glycoUe  ehlor^ydna 
(CH^r.HO.Cl,  is  a  very  ToUtile  liquid,  posaessing  atroxtg basic  propertiea,  and  o^iaUa 
of  uniting  dirfotly  with  a  considerable  number  of  bodies,  mz.  with  hydzogvo,  < 
bromine,  wuttT,  ummoDia (Wa rtz),  and  sulphydric aeid  (Foster).  Its  Taponr- 
showB  that  ita  molecule  contains  the  aarae  quantity  of  ptliylene  aa  the  moiecoia  < 
corresponding  alcohol  {£?'E*)''.W.O'*.  In  this  respect  it  dlffirs  from  the  ethem  c 
mnuutomic  aTcohols^  whofl«  molecalea  contain  twice  as  much  of  the  iilcobol-nidi< 
thoae  of  the  alcohols  themselTes,  e.g,  ethylic  alcohol  —  CH*.H.O,  ethyiic  ethei  - 

The  oxidea  of  tritylene  and  amyleoe  are  obtained  in  \Wf  manner,  exhibit 
oorreaponding  relations,  and  their  molecales  likewise  contjiin  the  same  quantity  of  the 
alcohol-Tadicles  as  the  alcohols  from  which  they  are  dcrivwl.  It  appear*,  then,  that 
the  etbera  of  both  monatomic  and  diutotnic  alcohols  are  related  to  tho«e  alcohols  io 
the  aame  manner  aa  the  anhydrides  of  the  monobasic  aad  dibasic  acids  are  related 
to  thoM  aeida,  thus : 


Moniitointc. 


Bt)i*ik  alcobul. 
hf^ic  add. 


Elhrlle  other. 
Accltc  nnhriirbJe. 

CHOfo 


o» 


ethvlenl<?  il\ 


SMlphuric  Kid. 


Ethyleaic  ^er. 
(C*H*)-0. 

Sulphuric  aohydrida. 
(S0«)"O. 


I 


The  tnotecole  of  a  diatomic  anhydndB  differs  from  that  of  the  corresponding  brdral^ 
by  1  at.  water;  thus:  pH'O*-  H'O  -  CH'O ;  and  SH'O'  -  H-O  =  SO*.  In  tlu 
iiorTespoading  monatomic  compounds,  this  reintion  does  not  exist. 

A  body  hnving  the  percentage  composition  of  oxide  of  methylene,  CHX),  is  ob- 
tainiHlby  the  action  of  iodide  of  methylfno  on  oxide  or  oxalate  of  silver,  or  of  ac«>tat«  of 
Tnethylene  on  oxide  of  lead  (Buttlerow);;  but  it  is  not  analogous  to  oxide  of  rtfayieiMv 
for  ita  Tapour-density  shows  that  its  molecule  cont&ins  2  at.  of  methylene  (CH*)^. 
JIoreoTcr,  it  is  a  cryetalline  solid,  much  leaa  vobtile  than  oxide  of  ethylene,  aodaiipar 
retitly  quite  destitute  of  basic  propertt^.  It  cunuot,  therefore,  be  regacded  as  ih» 
first  term  of  the  series  of  diatomic  ethers  (C"II'»)"0. 


3.  0 xy gen -salts  of  Diatomic  Alcohol-radieieti. 

These  are  the  compound  ethers  of  the  glycols  or  diatomic  alcohols,  and  may  be  di* 
rired  from  two  (or  2n)  molecules  of  water  by  the  substitution  of  diatomic  alcobot* 
radicles  fur  one  portion  of  the  hydrogen,  and  of  aci<l  radicles  for  the  remainder  or  At 
a  portion  of  it.     The  following  are  examples  of  the  formuliE;  -^ 


Diacetate  of  methylene  (neutrai) 


Monoacetateof  ethylene  (basic) r^fWiTTf^ 


Diacetat«  of  ethylene  (neotral)    . 
Aceto-hutyrate  of  ethylene  (neutral) 
Monoethylato  of  ethylene  (basic) 


(C»H«0)»i"^ 
(CH*)- 

C*H'( 


il')  ) 
IK>  [0» 
I'O  ) 

Diethylate  of  ethylene  (neutral) ^c'^»i''*^* 

Oxalate  of  ethylene r§0«rl^ 

The  fDllowing  bare  likewise  been  obtained  r — The  monobtdyratf^  mnnotalerait,  Hhgth 
raUydivalerate,aetU}-vairrate,  disicartit';tiad  didentoate of  rthylme ;  and  file  a«aiioa»ltta 
(if  tritifknt,  tetrglene  hsx^amgler^e;  abo  several  polyethylenie  acetatea  of  tb«{ 

formula,  (C'H'O)'!*^*'"     ^^pf^ocyanaU  cf  tihuhne^  ^J  |s',    may  al«)  be 
liOQed  as  <iiih1o|;ous  in  constitution  to  the  neutral  ethers  in  the  preceding  table. 
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Th«  compounds  of  licDEftene,  C^H*  (L  677).  are  likewiw  amUogoiu  in  compcwiHuo 
to  the glvool-etiiera;  t>ut  the^  mn  perhftps  &ot  sthctiy  eoin|»nbl«  therewith;  for  they 
wrt  all  »>m«d  bv  double  decompoaition  from  tii«  chlonde  of  b«nzyleii«  (C'H*)X1', 
which  it  prodac«a  bj  the  action  of  peDt«diloride  of  phosphorus  oa  hjdridfl  of  beozoyL 
Now  it  ia  known  that  aldehyde  (^hydride  of  a««tjrl),  trmted  with  the  mud*  reageat, 
yidda.  not  chloride  of  ethylene  (Dut«.'h  liquid),  but  oa  iaomeric  bodj  called  chloride  of 
ethjrlideoe  (i.  107).  Hence  it  i»  prolwlitc  that  chloride  o(  benaylene  (chlorobenzol),  and 
the  compounda  produced  from  it,  are  not  true  glyool-ethen.  Similar  obeervationa 
apply  to  the  eotnpoonda  of  allylene,  CH*  (i  H7). 

The  neatral  etliera  of  diatomic  aloohol-radiclfa  are  obtained  by  the  action  of  silTer> 
nlta  on  the  brumide«  or  iodidea  of  the  corresponding  alcobol-radiclea,  e.g. ; 

(C*n')"T3r*  +  2(CH»O.Ag.O)  -  2AgBr  +  {C«H*)'.(C*H*0)».0". 

They  are  oily  liquida,  miecible  in  ail  proportioiia  with  oomnion  alcohol  and  ether ;  the 
acetates  of  methylene,  ethylene,  and  tritylene  are  soluble  in  water,  the  rest  are  nearly 
or  quite  inaolable.  They  are  eaaily  deoompoied  by  alkalia  into  a  diatomic  alcohol  and 
a  metallic  aalt  of  the  acid. 

S.  HaUtd  8^U$  of  DiaUmie  Alcohol-radicUa. 

The  chloridea,  bromide*,  &c,  of  these  radicles  may  be  derived  ftom  the  diatomia 
•loobob  in  the  tuirae  manner  na  themonattimic  cbloddea,  dec.,  from  their  corresponding 
slcobola,  riz.  by  the  RubetitutioQ  of  01,  Br,  &c.,  for  an  equivalent  quantity  of  peroxide 
of  hrdfogen.  But  *»  there  are  2  at.  HO  to  be  thua  rt'pl«*d,  the  aubatitution  may  be 
total  or  partial,  prododng  ia  the  o>De  eaae  a  neutnl,  in  the  other  a  baaic  chloride,  dr>< 
mide,  &;c,  e.  g. : 

Glycol (C»H*)''.H0.HO 

Glycolic  Chlorhydtin (C*H*)''.nO.Cl 

Dichloride  of  Ethylene        ,        .        .        .        ,     (Q?H*)'CLCL 

In  the  baaic  compounda,  the  remaining  atom  of  hydrogen  may  be  replaced  by  an  acid 
radicle  (or  the  remaining  HO  by  the  peroxide  of  an  acid  radicle),  eg. : 

Glycolic  lodacetin {(?H*)"-C*H»0»I 

Glyoolic  Chlorobutyrin     .....     (C»HT.C*H'0'.CL 

The  dichlorideii,  &c,  of  the  diatomic  aleohol'TadicIea  are  proditced  by  the  direct 
combination  of  these  radiclea  with  chlorine,  bromine,  and  iodine,  or  by  tlie  action  of 
pochloride  or  bromide  of  phoaphoms  on  the  correaponding  diatomic  idc-ohola  or  their 
oaaic  haloid  aalta.  The  first  mentioned  reaction  is  characteristic  of  the  diatomic  aJeo- 
bol-radidea,  and  serrea  to  separate  those  which  are  gaseous  from  mixtures  of  gasea 
and  Tapours  in  which  they  occur.  Moat  of  these  compounds  are  oily  liquids ;  but 
iodide  of  ethylene  and  its  higher  homologue?  are  solid  at  common  temperatures.  Al* 
coholic  potash  conTerts  them  tnto  the  chiurides  of  monatomic  radicleei 

The  basic  haloid  compounds  of  ethylene  are  oiJy  liquids,  whoae  reactions  are 
similar  to  thoee  of  the  monatomic  alcoholic  chlond««,  bromidi^s,  &c;  bat  when  trea'^d 
with  alkalis,  they  yield  the  corresponding  diatomic  oiidea  (p.  517), 


Btlier*  contAlnlnc  Trlatoiulo  Alcohol-radlolea. 

The  only  oompouads  of  this  group  at  present  known  nre  the  glyceridea,  which  ai« 
derived  from  a  molecule  of  glycerin,  ^  ui  \0\  by  the  subetitutioa  of  acid  radicka 
for  1,  2,  or  3  at  hydrogen,  e.g. : 

MonostouiD.  Dlalvwia.  TrlttMrin. 

((7H')-|  (C'H*)'"  ) 

C"H»0[0»  (C"H«0)«[0» 

These  glyceridesi  are  produced  by  heating  glycerin  with  the  respective  acida  in 
■ealed  tuW  in  the  required  pmportions.  Most  of  those  which  have  hitherto  beeu 
fintned  contain  only  njoimtomic  w\A  radicles  ;  many  of  those  in  which  3  at  hydrogen 
arv  thus  replaced,  I'xiwt  aa  nntiiml  fiits. 

A  few  glyceridcfl  have  also  been  formed  containing  iliatomic  and  triatoniic,  a»  mcU 
■•  monatomic  acid  radicles  (Vun  Bemmelen,  J.  pr  Chem.  liix.  84),  e,g. ', 


(C«H»0)«l" 
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Suodnln.  BentMaednla. 


Suodnln.  BentMaednla.  Gkfftk 

H      )  C'H*0 


(U^-}o.  (U^)-}o.  ({^-JO" 


All  these  elycerides  arc  oily  liquida  or  solid  fitta,  wliieh,  when  boiled  with  •l^fii^ 
are  reeolTed  into  glycerin  and  an  alkali-aalt  of  the  add  ecmtained  in  them.  This  ii 
the  reaction  which  takea  place  in  the  ordinary  prooess  of  soap-making  or  saponiflea* 
tion. 

Glyceridee  are  also  known  containing  monatomic  alcohol-xadielea^  &  ^. : 


Ethyl-glycerin 


0^1 0« 

((?H»r 


Dicthyl-glyoerin  .       .    (C*H»)«|o» 


Ethyl-amj^-glycerin 


Triethyl-g^ycerin.        .    [^^}0' 


For  the  preparation  and  properties  of  these  compounds,  see  OvtCMStomm. 

Berthelot  obtained  oxide  of  glyceryl,  or  glyceric  ether,  /^h*)""!^*'  ^  *^ 
action  of  potash  upon  iodbydrin. 

The  triatomic  haloid-compoands  of  the  aloohol-radides  resemble  the  correspoodii^ 
diatomic  compomids  (p.  518)  in  their  constitntion  and  many  of  their  propertiee. 

The  haloia-componnds  of  glycerin  are  obtained  by  heating  that  liquid  witii  hj- 
drochloric,  hydrobromic  acid,  &c.,  m  sealed  tubes.     They  are  derived  firom  glycerin, 
C^*.(HO)*,  by  the  partial  or  total  replacement  of  the  HO  by  CI,  Br,  &c.,  e.  g. : 
Chlorhjdrln.  Dicblorhjrdrin.  Trlchlorhjrdrin. 

(C«H»)"'XH0)«.C1  (C«H»r.HO.a«  (c*H»r.a». 

By  heating  glycerin  with  «  mixture  of  hydrochloric  acid,  &&,  and  an  oaygen-acid, 
similar  compounds  are  obtained,  in  which  the  HO  is  replaced  partly  by  CI,  oo,  partly 
by  the  peroxide  of  an  acid  radide,  &  g. : 

Aceto-chbrhydrin (C^»)"'.HO.C«HK)«a 

Diaceto-chlorhydrin         ....       (C«H»)-(C«H«0»)».C1 
Aceto-dichlorhydrin         ....  (C»H»)"'.C»H»0«.CP. 

These  ethers  are  oily  liquids  which,  when  boiled  with  alkaliB,  reproduce  the  acid  cr 
adds  and  glycerin. 

The  formation  of  all  the  glyceridee  above  mentioned  is  attended  with  the  eIinuDa> 
tion  of  a  number  of  atoms  of  water  equal  to  the  number  of  atoms  of  a  monobasic  aei^ 
or  double  that  number  of  a  dibasic  acid,  or  three  times  that  number  of  a  tribaaie  ad^ 
which  enter  into  the  combination,  thus: 


Monostearin 

,     C«H«0« 

-  C«HW  + 

C"H»0«  -     H«0 

Distearin    . 

.     C»H«0» 

-  CH»0»  + 

2C"H"0«  -  2H«0 

Tristearin    . 

.    C»»H'«»0» 

-  C«HH)«  + 

3C««H»W  -  8H»0 

Sucdnin      . 

C'H"0» 

-  C«HH>«  + 

C*H«0«     -  2H»0 

Citrin 

.       0»H"0» 

-  C^«0«  + 

C«H»0'     -  8HH) 

See  also  page  509.  There  are,  however,  a  number  of  glycerides  whose  fbrmatun  ii 
attended  with  the  elimination  of  a  number  of  atoms  of  water  greater  or  less  than  tfast 
indicated  by  the  preceding  rule,  e.  g. : 

Epidilorhydrin  .  .  C»H»0C1  -  C^«0«  +  Ha  -  2H«0  .  (OBTIq 
Epidichlorhydrin .       .  C»H«C1»    -    C»HK)«  +  2HC1       -  8HH> 

lodhydrin    .        .        .  C^'0«I   -  2C^»0»  +    HI  -  3fl«0  .     ^^^jj* 

aiycero-tartaric  add    .  CH'*0"    -    C«H«0*  +    C*H«0«   -    H«0  .::  (C«H«0*)'[o« 

(CW)-. 

Crtyceio^taitaric  add .  C»H««0«»  -    C«H«0»  +  2C^H«0«   -  2H  O  -(C«H*0«)»[o» 

H»      ) 
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Glyc«to-tritart«iie  tcid  C«»H«0»  -    0«H"0»  +  8C«H«0«   -  2HH)  -(C<]5«0«)«[o» 

H»      J 

Sp^roeio^tarteiie  J  Qt^tQ„  «    c"hK)«  +  2C*WO»  -  8H»0  -(C«d«0*)«|o« 
l^iglycerictrirthjUto  .  C»«H«\>»  -  20"HH)«  +  8C«H^    -  4HH>  -    (C»H»)«[0" 


^^JlTto    '"'^''^'"'jC'HnOH}!-  2C^HH)«  +  2C3«HH))  -  4HK)  -     (C?H»nS 
Triglyemo  tetwthyUte  O^H^'  •  8C^H)«  +  4(7H*0    -  6H«0  -     (C«H»)«lo» 


«OBtBlBlBf  Tetratomle  Alctthol-raflmea. 


The  onlj  known  ethen  of  this  claas  are  the  erjthromannitie  ethers  (p.  HOS), 
dmved  from  the  tetratomic  alcohol,  (^^J/' [ 0«,  «. ^.  the dibennwte,  (Qis^y'n^ \  ^*  '> 
tlie  mono-orsellate  (picroeiythrin)- J^mQ,Vi[0*. 


a.'     ) 


The  mannitanidee  and  duleitanidea  belong  to  this  group,  being  derived  from 
maonitan  or  duleitan,  C^*0*,  which  is  a  tetratomic  alcohol,  containing  the  hezatomic 
radicle  C*H*,  thus; 

ILumitui C^«0»-      (<^g;)"(0. 

Diediylomannitui     .     C»'H»0»  -  CTH'«0»  +  20*H«0   -  2H»0  -       gjgt 

H« 

Diaeetomamiitaii        .    C»«H»«0»  -  C«H»«0«  +  20«H*0«  -  2H«0  -     ((?H»0)«[0» 

H»    i 

Dibeniomaimitaa       .  (?*HW  -  C^"0»  +  2C'H«0«  -  2H«0  -  (0^*0)^1 0» 

DOmtyxomaiimtMi     .  C»*H««0'  -  C^K)»  +  2C*H»0«  -  2HK)  -  (C*H'0)»|o» 

TeCabatyiommnnitan  (?»H»K)»  -  C^'H)»  +  4C«HK)«  -  4H»0  -  (c^oyj^ 

ffn^iyim>».m-«m».        .  C»fH'*0»  -  C«H"0»  +    C*H«0«  -  2H«0  -  (C«H«0»)-  [  0» 

CStromannitan  .       .    C>«H»«0'  -  (?H'«0»  +    C^'O'  -  8H«0  -     (C«H»0«)-[o» 

H       ' 

(C«H»)'«N 
DidtzomaanhMi       .    C"ff^)'»-  C^"0»  +  2C^«0»  -  4HK)  -     ((?fl»0«)«  \^ 
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Chlorhydro-manmUn   C^'»0K31»  -  C^'«0»  +  2Ha       -  2HK)  -  ^^'^P^jS 

HexbeMomannitan  .    C-H»0"    -  C^«K)»  +  6(?H«0«  -  5H*0  -(SS&j*'' 

(C«H»)-x 
Manm-duralphuric  |     Q^^giQu  ^  fysK*  +  iB?BO*  -    HTO  -   (8&«)«  \^ 

Maj^trisQlphunc  |     Q^tQ^u  _  C«H««0»  +  afflSO*  -  8H»0  -    (£^0"  J 

Hannitartarie  add  .    C"H*0»    -  CH»K)»  +  6C*HK)«  -  8HH)*(C*H«0«)«p" 

The  dvleitamdet  have  the  nme  oompontion  m  the  ■«*"™»*"*<^— .  being  deriTad 

from  duldtaa,'  H*(^*  ^^^^*^^^7^<^Bi^I®Q°^b70'^^^*'^><>'<"*(^E^ 
Chim,  pore  1862,  p.  861 ;  Chem.  Soe.  J.  xy.  456)  that  maimite  and  doldte,  CH^K)*. 
are  hezatomic,  their  rational  formula  being  ^       H*(  ^  *  '^  fr'wn  this  formnla  thit 

of  mannitan  (and  dnlcitan),  ^    ^^'  |0*,  is  derired  bj  rimple  eUminatiom  of  water. 

The  fomraUe  of  the  mannitanidee  and  dnlcitanidee  cannot  however  be  conaideied 
as  established  with  certainty.  In  fact  they  are  nnerystallisable  ctnnpoaxidB,  whidi 
by  evaporation  can  only  be  obtained  in  the  state  of  qrraps,  not  admitting  of  exact 

analysis. 

VolyethytoBlo,  Vdjcljeerlis  SOaen,  Aa. 

The  polyatomic  alcohols  differ  from  the  monatomie  alcohols  in  this  m^eet,  that 
ther  are  capable  of  undergoing  dehydration  in  yarioos  degrees.  Common  alndtfl^ 
which  is  monatomie,  can  form  only  one  anhydride,  yis. : 

2C«H«0  -  H*0  -  C*H>»0. 
Alcohol.  Ether. 

Bat  glycol,  which  is  diatomic,  is  capable  of  forming  u  indefinite  number  of  nly^ 

drides,e.^.:     

OWO*  -    H*0  -  C^«0    Oxide  of  ethylene. 

2C«H«0«  -    H«0  -     (^*)'(o»  Diethylenic  alcohol. 

2C*H^«  -  2H«0  -    (^^4]-|0«  BioxethyleDe. 

3C*H«0«  -  2IP0  -    ^^*^J0«  Triethylenic  aloohoL 

4C«H«0«  -  3H»0  -    ^^*)*|o»  Tetrethylenic  aloohoL 
Glycerin,  in  like  manner,  forms  polyglyceric  alcohols,  thns: 


2C»HW  -    H«0  -  ^^^  ^jO»  Pyroglyoerin. 

2C»HH)«  -  2H«0  -    (^>'|0«  Pyroglydde. 
2CH»0«  -  8H»0  -  S^H*)--}^  Oxide  of  glyceiyL 

All  these  compounds  may  be  regarded  as  ethers,  inasmnch  as,  like  common  edia; 
they  are  formed  by  the  onion  of  two  or  more  molecules  of  an  alcohol,  with  «Kmtnari«i 
of  water,  hot  those  which  still  contain  replaceable  hydrogen  are  nffOAlly  i 
alcohols. 


When,  in  fucb  an  eqimtiuo  na  the  iiboTfl;  s  molveule  of  a  poIyatOTnic  ftlcohol  is 
rppUcfd  by  one  or  more  molwule*  of  &u  acid,  compound  ethers  nealt,  of  different 
•tomicttj  from  the  alcohol  from  which  they  are  derived :  e.  g 


Acrtic  acid. 


0« 


Oljroeria. 


Acetic  aciil. 


0]    ^      aHK) 

u 

o]  -  (n  +  i)iPo  -  ^^5?JJ-(o 


(CH«y 

(C'H»0>  , 

Diplhrtpflle 

dlac«Ute. 


ducctat«. 


^^^V  Oljroeria.  Alcohol.  H        ) 

■TV^  dlglyoerate. 

A  single  molecale  of  a  di-  or  tri-atomie  alrohol  can  undergo  only  one  degree  of 
dehydration ;  ria.  by  tlie  abstraction  of  1  at.  wat^r : 

^^^^^K  Girtai.  Oxide  of 

^H|  (*=^?"|0.  -  H.0  -    «=^H')[0. 

^^^^^^  Gljwrln.  aiydde. 

Bat  a  single  molecule  of  an  alcohol  of  hicber  atomidty  may  undergo  aeTeral  degi««a 


flat  a  nngle  molecule  of  an  alcohol  of  hicber  atomiaty  may  undergo  aeTeral  degi««a 
of  dehydration.    Thus,  from  mannite,  ^    ^J   |0*,  there  are  formed   by  snoceiriT'O 

{   0*,   tiiannidi 


Theae  and  the  ethera  of  other  o^gen-acida  are  described 


abstraction  of  H'O,  the  compounda  maatniUm,  '     ^J 
and  the  theoretically  possible  oxide  of 

BTHSRS,  ACBTZO. 

aft^r  the  Bcviral  acida, 

BTBSS8.  BKOMBTT»]UC  or  HTBmOBKOllCZC.  These  nnd  the  ethcn  of 
other  halogen-acida  are  described  under  the  severul  iU<.-obol-radJcles,  Alltl,  Amvl, 
Ethtu  &c, 

BTHISB,  BOSXC.     8««  Ethtl,  BoRtoa  of  (p.  5W). 

ETBIOH7C  ACID.  C'H*SH)'  =  CH*.2S0'.H*O.  (Mflgnaa.  Pogg.  Ann.  xxTti. 
S7t* ;  xlvii.  614. — Murchand,  iind-.  xxxiL  466.) — Produced  by  the  action  of  water  on 
ethionic  anhydride;  aleo  by  Baturating  anhydroua  alcohol  or  ether  with  Bulphuric  anLy<- 
dride  and  dilating  with  wat-fr.  Or  the  bariam-BJilt  may  fimt  be  prepared  by  adding  abso- 
lute alcohol  to  fthionie  anhydride,  then  diluting  with  water  and  uaturating  with  carbo- 
nate of  barium,  eT*iporatin|Lj  the  filtrate  at  ll)0°C.  tUI  precipitation  commences,  and 
eonipl«tioff  it  by  addition  of  absolute  alcohol ;  and  from  the  burium-satt  the  acid  may  be 
obtaised  by  prectpitAting  the  barium  with  dilute  sulphoric  acid.  The  aqueous  acid 
cannot  be  era^rated  without  decompoeitioo,  even  in  racuo,  as  it  splits  up  into 
aolpboric  and  isethionic  acids  : 

C^'.a30».H-0  H-  H*0  =  H'SO<  +  C«H»S0".H»O. 

At  the  boiling  hsftlt  thia  change  takes  pUce  rapidly. 

The  ethionatei  appear  to  contain,  in  the  dry  state,  CH'JPS'O',  the  acid  being 
diba»ic.  The  ammonium-,  potaaaium-,  sodium-,  and  bsnum-«alts  crystallise  readily. 
The  potas9ium-B»lU  C'H*K»S*0»  -f  iH*0,  does  not  give  off  any  water  in  yacno,  or 
«ren  when  heated,  before  decompodtiQa  takes  place.  At  a  high  temperature,  it  blackens 
and  yields  a  sublimute  of  sulphur.     Heated  with  hydrate  of  potaaainin,  it  yields  anl- 

riftte  and  sulphite  of  potnwium.     The  barium-aalt,  C3'H*Ba"S'0'  +  H'O,  gires  off 
at  watur  in  vacuo,  and  deiMmf«wes  at  100°  C.     Heated  in  a  tube,  it  yields  a  subli- 
inute  of  sulphur.     It  dissolves  in  abont  10  pta.  of  water  at  20°  C. 

BTBXOMXC  AJrHTSazVE,  Sulphate  of  Carbyl,  C»H'.2S0»  (Regnault, 
Ann.  Cli.  riiys.  Ixr.  98;  Mnj^nus.  Pogg.  Ann,  adriL  609),  is  obtained  by  bringing 
toj^t'thcr  oletiitnt  gas  and  rnpour  of  stJpharie  anhydride  in  a  tube ;  also  when  alM»o- 
lute  nk-whol  is  b'ft  for  stime  time  exposed  to  the  vapour  of  sulphuric  anhydride.  It 
fonaa  etyalals,  whicb  melt  at  80°  C,  and  deliquesce  in  the  aiz.     They  mis  with  WHter 
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and  ftlcobol,  produring  rw*  of  temperature,  und  yielding  a  ioliitjon  of  eth ionic  add. 
If,  however,  the  beat  produced  bj  the  reaction  is  Tory  great,  i«jthionic  add  is  UkeviM 
pPoHuctHl, 

Ktliioaic  anhydride  and  etliionic  acid  may  be  represented  typically  as  foUowa: 

—  Ethionic 


Et  hi  mile 
snhvdrklf. 

(SO')"  }0 


(SO 


VrSTIt.  C'H*,  oft«n  denoted  by  the  shorhr  P>Tnbol,  E ;  in  the  free  rtat*, 
C*H'*  =  E'.  —  The  radicle  of  ordinary  alcohol  and  ether.  It  vas  fir«t  obtained  in  th* 
JbMStata  bv  Frank  land  in  1949  (Chcm.  Soc.  Quu  J.  n.  263).  It  b  proda(^ed  from 
iodids  of  ethyl  by  the  action  of  zinc  at  high  t«inperatarea  ;  also  by  the  action  of  light. 

Prqaaration. — 1.  Pure  ioliiie  of  ethyl  is  heated  with  finely  divided  tine  in  a  strong 
sealed  glass  tube  immersed  in  an  oil-bath.  The  granulated  zinc  is  first  introdacra 
into  the  tube ;  tiie  upper  extrcroify  of  the  hibe  then  drawn  out  and  bent  twic*  at  right 
angW :  the  iodide  is  introduced  by  heating  and  aft«nrards  cooling  the  tube,  while 
ita  open  extremity  dip«  into  the  liquid ;  the  lur  is  then  exhatuted  h^  the  air-pumo; 
and  th?  tube  is  sealed  Had  immersod  in  an  oil-bath.  The  decompoeitton  of  the  iedide 
of  ethyl  begins  at  about  100*^  C;  white  cryitAls  are  deposited  on  the  glass  (prohsUy 
eonmsting  of  a  compound  of  iodjde  of  zinc  and  ainc-ethyl),  together  with  a  eokmiltsa 
mobile  lioutd,  equal  in  bulk  to  aboat  half  the  iodide  of  ethyl  used,  and  consisting  of 
CO Ddenseu  ethyl,  hydride  of  ethyl,  and  ethylene.  These  eompounds  are  separated  by 
their  different  degrees  of  volatility.  The  tube  when  cold  is  immersed  in  a  mixtum  cl 
ice  and  salt,  and  the  narrow  end  ia  broken  off  under  water. 

The  ethylene  and  hydride  of  ethyl  being  more  volatile  than  the  ethyl  itself^  escape 
in  greatest  abundance  when  the  tube  is  first  opened  ;  and  by  collecting  spaxt  the  pt 
which  comes  over  after  the  evolution  has  become  slow  and  regular,  a  gas  is  obtaiiml, 
which,  when  freed  firam  ethylene  and  undecom  posed  iodide  of  ethyl  by  means  of 
■ulphuric  anhydride,  and  from  sulphurous  acid  by  putash,  is  found  to  be  pan 
ethyl,  C"H'«. 

In  the  preceding  reaction  three  diKtinct  chemical  ehanges  oeeai,  tib.  : 

i.  The  decomposition  of  iodide  of  ethyl  by  sine,  with  formation  of  ethyl  and  iodiile 
of  sine: 

2C«H*I  +  Zn    =  ^;;g*j        +  Znl*. 

ii.  The  decomposition  of  iodide  of  ethyl  by  zijic,  with  formation  of  nno-etbyl  i^ 
iodide  of  sine : 

2C»H*I  +  Zn«  -  c*H'[^  +  ^^*' 

iii.  The  reaction  of  the  ainc-ethyl  thus  forniKl  on  the  undecompoaed  iodide  of  ethyl, 
by  which  hydride  uf  ethyl,  ethylene,  and  iodide  ul  zinc  are  furmeU : 

2C»11»I  +  ^i!^;|Zii  =  a^'"]J'j   +  2Cm*  +  Znl*. 

2.  A.  few  drops  of  iodide  of  ethyl  are  introduced  into  an  inverted  gplase  globe  filM 
with  mercuiT  and  exposed  to  sunshine;  or,  better,  the  son's  rays  nre  eoncentnited  oa 
the  iodide  of  ethyl  at  the  top  of  the  mercury  by  a  parabolic  mirror.  The  iodide  of  etiiyl 
is  then  decomposed,  iodide  of  mercury  is  formed,  and  the  globe  becomea  fillrd  with 
gas,  which  is  a  mixture  of  ethyl,  hydride  of  ethyl,  and  etLykue,  the  two  latter  being 
produced  by  the  decomposition  of  a  portion  of  the  ethyl:  C'H  •  =  C*H*  +  CH*.  In 
this  piooess,  however,  only  one-fifth  of  the  etiiyl  i»  thim  d*vrrmpoB«i,  whereas  ia  ths 
decomposition  by  zinc,  the  qnantlty  thus  lost  is  about  one-third  of  the  whole.  Tha 
ethyl  is  freed  from  the  other  two  gases  as  in  the  prcnceding  pioceM.  (Frankland, 
Ann.  Ch.  Pharm.  ba\-ii,  221.) 

Ethyl  is  at  ordinary  temperaturea  a  colourless  gas,  having  a  sliehtly  ethereal  odoar 
(if  perfectly  pure,  it  would  probably  be  inodorous);  it  bnms  with  a  white  and  wrj 
InminouH  flame.  Its  specific  gravity  was  found  by  a  diffusion -experiment,  accordug 
to  Graham's  law  (sec  Gaseh,  Biffusioh  or),  to  be  20.     This  shows  that  its  mdeeBk 

in  the  gaseous  Htata  is  represented  by  the  formula  C*H'*;  for  i^^—^^— -J    k  0*0^3- 

2-009  (see  Alcohol- Badiclbs,  i.  97).  It  does  not  condense  at  —  IS*"  C.  (0«  Fak); 
but  in  an  Oeretedt's  conden.'iing  apparatus,  it  tMndenses  at  +  3<^.  and  onder  a  pr»a«Br« 
of  2|  atmoBpherea,  to  a  transparent,  colourless,  very  mobile  liquid:  hence  its  bodu^ 
point  under  the  ordinary  pressure  is  probably  about  —  23°  C5» 


Kthjl  is  nparly  iofloluble  in  water,  but  noluble  in  absolate  alcohol  I  vol  abaolnU 
Alcohol  at  14-2'  C,  and  under  a  prMsare  of  744*8  nun.  ditMolvM  181 3  toL  of  tho  gtk% 
but  givefl  it  op  again  on  tha  aidditlon  of  a  smoU  quantity  of  water.  {Set  Gaaib^ 
ABSosmoM  or.) 

1  ToL  ethvl-ma  (containing  CH')  reqairc«  6|  roL  oxygen  to  born  it  complctdj :  for 
6  at .  or  6  ToL  H  nqoire  2^  vol  O,  and  2  at.  C  rrqaire  4  at.  (or  4  toI.)  O.  The  jjrotlucta 
of  the  ooroboctioQ  are  water  and  4  vol.  CO*.  Mixed  with  half  its  Tolame  of  otycfm^ 
•od  paaaed  over  apongj  pJatinnm,  it  remains  unaltered  at  ordinary  t«mp«mtun>8 ;  but 
on  the  application  of  a  gentle  beat,  the  platinam  bocomn  red-hot,  a  small  quautitj  of 
charcoal  ia  deposited,  and  water,  together  probat>lj  with  mamh-eaa,  produced.  It  ia 
sot  acted  upon  by  nitric,  chromic,  or  fumiug  tuljthHrie  acid.  Wiu  iodint  and  tutpkitr 
it  does  not  eombloe  crcn  when  moderatehr  heated ;  bat  at  a  red  heat,  aulphoretled 
hydrogen  ia  formed,  and  charcoal  aepantted.  Chlorine  does  not  act  upon  ethyl  in  the 
dark  ;  but  a  dry  mixture  of  the  two  ga«ea  in  equal  rolnine!«,  expoB«d  to  di^8«d  li^^ht, 
ondergtica  a  change  of  rolame  and  forraa  a  colf^rlesa  iiqaiil  Bromint  acta  upon 
elhvl  when  the  two  are  gently  h<at«>d  together  in  the  direct  rays  of  the  aun,  but  the 
pTD^iactii  of  the  di^oompositinn  hare  not  yet  been  exatniui-*! 

Ettiyl  enters  into  the  composition  of  a  laiye  numl<fr  of  oumponnds,  in  which  it  playi 
the  part  of  a  ujouiitumie  ba»ylouj»  nidicle.  analogous  to  hyUnvt'U  or  potaMtura,  ao  that 
the  chloride,  bromiule,  nitrute,  acetate,  &c.,  contain  1  au  C'U* ;  the  oxide,  sulphide, 
ui<iitral  tralphat«,  and  otlier  neutral  ethvl-salta  of  dibasic  acids  contain  2  at.  dP;  the 
neutral  salts  of  tri basic  acids,  such  as  the  phosphate  or  cyannrate,  3  at.  CH*,  &e.  &c; 
It  likewise  unites  with  other  olcohol-radiclev,  tIz.  t^tryl  and  arnyl,  producing  com- 
pound alrahol-rudielea,  which,  in  their  ronstitutiou  luid  nimle  of  formation,  are  exactly 
analogous  to  ethyl  itself,  regarded  aa  C'H*.C'H*.     (See  Axcohol-Badiclbs,  L  97.) 

"Bnwrv-tLXTL.  C'H'»  -  (?H*.C*H".  (Wurta,  Ann,  Ch.  Phys.  ^aj  xHv.  275.)— 
This  eoraponnd  in  obtained  by  decompof>tng  60  pts.  of  iodide  of  ethyl  and  70  pts.  of 
iodide  of  amyl  with  14  pts.  of  sodium  in  a  flask  provided  with  an  upright  condensing 
tube  cooled  by  ice-c<»ld  wat«r,  so  that  the  conderi«e<l  VHpours  may  run  back  into  the 
flask.  The  action  begins  in  the  cold,  and  is  nlt«-n<ied  witii  evolution  of  heat  ;  towards 
the  end,  however,  it  requires  to  be  sustained  by  external  heating.  The  action  is  then 
kept  up  by  adding  quantities  of  the  materiiilfl  about  eqnaltothe  former,  and  when  it  ia 
complete,  the  product  is  (tistLlicd  in  an  oil-bath,  the  portion  which  goes  over  below 
120°  C.  bring  collected  apart,  and  heated  to  I20<*  with  excess  of  sodium  in  a  sedt*d 
tnlw  to  complete  the  decomposition.  By  fractional  distillation  of  the  products,  ethyl- 
amyl  ia  obtained  as  a  liquid  boiling  at  08°' C,  of  specific  gravity  0  7069  at  Q^, 
ana  vapour- density  =  3  622,    correaponding    with   a   condensation  to   two   volumea 

(7    12  4-  I A    1 
— ^ '—    X  00693  -  3-465].     It  is  but  slightly  attacked  by  pentachloride 

of  phoapbonu  at  its  boHing  point;  but  in  scaled  tubes  decoropoaition  takes  place :  tho 
prodocta  have  not,  however,  bc<^n  examined. 

Ethti^t«t»tl.  OH"  =  CH'.C*H».  (Wurts,  he.  ««.)— Prepared,  like  the  pw- 
ceding  compound,  by  decomposing  40  grms.  iodide  of  tetryl,  and  34  grma.  iodide  of 
ethyl  wjtli  11  grma.  sodium.   It  is  a  mobile  liquid,  boiling  at  62=^  C.,  of  specific  gravity 

0-7011  at  QO,  and  vapour-density  =  3053  (calc.  ^'^^  ^  ^^'^  x  00693  -   2-980). 

2 
The  compounds  of  ethyl  with  oxygen,  Bulpbur,  chlorine,  bromine,  and  other  elemen- 
tary bodiea,  will  b«  described  here  in  alphaWtical  order  ;  the  oxrgen-salta,  such  as  the 
acetute,  benzoate,  &o.,  are  describc<l  after  the  corresponding  acida. 

mrrmrU  AM IXatQJmmB  or.  Antimonclhyla,  SttUtkyU,  EtkyUtUnna.  See 
Aif'runj.VT-lUojCLEs.  Ouoajtic,  i.  339. 

BTBTXit  AASEVmns  OF.  Artctutkyls,  Ethylartinu.  See  ABSEtao-RAntcua, 
Obcamc,  i.  397. 

BTHTX.^  BOAXDB  OF.  Boric  KtKidr,  Borrthyl  C«H'*B  -  B(C1P)»  -  BE«. 
(Frankland.  Phil.  Trans.  1862,  p.  167:  Chem.  Soc.  J.  xv.  363,)— Produced  by  the 
action  of  xiuc-etJiyl  on  triethylic  borate  (i.  650):  • 

lE'liO*  +  3Zn"£»  -  4BE»  +  SZn-E^O*. 

FrepnraHon, — Several  ounces  of  boric  ether  were  placed  in  a  capacious  flask  dosed 

•  Fmnkland  firet>are»  rriethxHe  bnni*  by  dIftllllDit  about  3  lb*,  of  ■  mUiur*  of  t  pt»,  dHrd  boma  and 
tfU.  rthjr\.u)ph«tp  <'rp->Uuiiiin  (n  •  Papln'a  (1i|crurr,  «ft«Ulc«  thr  rriid«  tlUiillMr*  from  lateral  •uch 
e^vrstioni.  conil«Clri|i  nf  l>orlc  «-th<>r  *nd  a  largf  cxre»i  of  xlrohol.  »ith  fuM^I  clikorldr  of  rAldum  lo  r«w 
wune  ihr  Ihm*.;  drr»nt»  thcui-icr  laiprof  liquid  thu»  |>rlK!^n^d,  which  conirttt  of  tvtrtc  rthcr,  vtihonir 
a  Utile  alrc.h"l.  fr  rn  ihp  alcnhnlc  »'.|iitl"n  ofrhl  ride  rtf  c.ilrt<ini  tMlow  It  i  and  tubicctJ  U  ui  itiisi.latMMi. 
eollKting  the  liHuW  »liJcb  jmu.l*  cucr  birtweea  119°  and  l-ii^C 
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by  ft  douUly  p<^orat*il  cork.  Through  otic  of  the  perforRtion«pM8*dothennoTOrt»T. 
ftiid  through  the  othrr  u  short  glass  tube,  one  fourth  of  an  iuch  in  diameter,  ft.iid  open 
Mt  both  enil»:  the  bulb  of  the  Lljennometpr  dipp«d  into  the  boric  ether.  Soer«tiMr« 
quantities  of  pore  zinc-ethyl  were  introduced  through  the  short  glass  tube  by  fbeanf 
of  u  pipette,  the  elpvation  of  temperature  ai^er  each  addition  being  allotred  toctlbaiil* 
before  the  next  portion  wm  %&ded.  The  failure  of  a  further  addition  of  xin^-ethyl  to 
produce  any  rise  of  temperature  waB  regarded  as  evidence  of  the  completion  of  the 
mnetioQ,  which  waa  not  attained  tmtil  a  comparatiTely  very  large  amottnt  of  zinc-etfayl 
hoA  been  added. 

The  liquid  in  the  flaak  wna  now  subtnitted  to  distillation  in  an  oil-bath.  It  began 
*o  boil  at  B4'-'  C,  and  between  this  temperature  and  140°  C.  a  eonaiderablc  quantity  of 
a  eoIotirleM  liquid  distilled  over.  The  distillation  then  suddenlj  itopped.  and,  to 
aroid  aecondaiy  products  of  decomposition  by  the  application  of  a  greater  heat,  the 
operation  was  lotetmpted  On  cooling,  the  materialB  remaining  in  the  flaak  aolidifled 
to  a  mass  of  large  cirstals  of  etljylute  of  sine  and  liac-ethyL  On  rectification,  the 
distillate  began  to  boil  at  70*^  C,  but  the  thermometer  rose  rapidly  to  95'^,  at  which 
temperature  the  last  two-thirda  of  the  liquid  paased  over  and  were  received  apart. 
Tiie  product  thus  coUect4>d  exhibited  a  constant  boiling-point  on  re-diatillation. 

ProprrtU*. — Borethyl  is  a  colourlosa  mobile  liquid  having  a  pungent  odour ;  its  vapoor 

IB  very  irritjiting  to  ihe  mucous  membrane,  and  prr>Toke8  a  copious  flow  of  te«rs.     The 

specific  gravity  of  borethyl  at  23°  C.  i»  0*6901  ;  it  boils  at  95"  C.     Its  vapotir-denwty, 

as  determined  by  Gay-LuBBac'a  method,  is  S'lOOfi  ;  by  calcuktion,  for  a  condensatioa  to 

1            •.•««««/'      11  +  6  .  12  +  16  .  I         ^  „»„„\ 
two  voluma,  it  is  8"89S  I  = —    n  0-0693  J . 

The  density  of  borethyl  vapour  inoreuses  more  considerably  than  is  nsual,  as  the 
temperature  approaches  the  boiling-point;  tbua  a  determitiation  made  at  133°  C.  gare 
the  number  3  5979,  whilst  a  second  ahowed  the  specific  gmrity  of  the  rapoor  at 
101  6"  C.  to  be  no  lese  than  S-767. 

Borethyl  is  insoluble  in  water,  and  is  xeiTj  slowly  decomposed  by  prolonged  contact 
with  it  Iodine  has  scarcely  any  action  npn  it,  even  at  100*' C.  It  floats  opou  cton- 
centrated  nitric  acid  for  several  minutes  without  change;  but  suddenly  a  violent 
reaction  takca  place,  and  crysUds  of  boric  acid  septimttf.  When  borethyl  vapour 
comes  ui  contact  with  air,  it  produces  alight  bluish-wiiite  fumes,  which  in  the  dark  an 
seen  to  proceed  fnnm  a  lambent  blue  €arae.  The  liquid  is  spontaneoualy  inflammable 
in  kiir,  burning  with  a  beautiful  green  and  soniewhat  fuliginooB  flamei.  In  contact  with 
puri>  oxyym  it  ex|)lodes.  Excluded  from  the  air,  borethyl  is  quite  a  stable  bodv ;  a 
quantity  of  it  kept  in  asealed  tube  fortwo  years  exhibited,  on  ezajnination,  no  aviJeoes 
of  alt^enition. 

When  borethyl  ia  heated  to  09"  C.  with  strong  hydrochloric  acid  over  meimiy,  a 
considerable  quaatity  of  hydride  of  etliyl  is  slowly  evolved,  EUidcbloroborethyl  il 

B(C»H»)»  +  HCl  =  bK^')"  +   C»H».H. 

When  borethyl  ia  heated  with  water  to  99°  C.  fov  several  hours,  it  also  appears  to 
suffer  an  analogoaa  decomposition,  altliough  with  extreme  slowness;  even  with  hydro* 
cliloric  acid,  toe  action  is  very  tedious.  In  the  cold,  a  strong  solution  of  AyJn*- 
fiuorie  acid  has  no  action  upon  borethyl,  which  also  suffers  scarcssly  any  changs 
by  being  heated  to  99°  C.  for  four  hours  with  concentrated  sulphuric  acid,  Grnlif 
heated  for  fourteen  daya  with  aodium  in  a  sealed  tube,  borethyl  underweait  no  rifltbie 
change. 

AmmoniO'Borathyl,  NH».B(C*n»)».^When  a  few  drops  of  borethyl  are  pMsed 
up  into  a  dry  eudiometer  filled  with  mercury,  and  dry  aramoniacftl  g&s  la  admitted  into 
the  same  tube,  each  bubble  of  gas  collapses  with  a  shock,  like  that  produced  bv  a 
bubble  of  steam  projected  into  cold  water.  A  large  quantity  of  ammonia  is  t&iB 
nbsorlied  by  borethyl  with  extreme  energy.  To  prepare  the  compound  thus  formed  in 
larger  quantity,  several  grammes  of  borethyl  were  placed  in  a  small  flask  filled  with 
nitrogen  and  surrvjuuded  with  ice  ;  a  current  of  dry  ammooiacal  gas  was  now  nsiwil 
into  the  flask  as  long  as  it  waa  absorbed  ;  finally,  the  product  thus  obtained  vis 
warmed  to  expel  excejsa  of  ammonia,  and  then  exposed  in  vacuo  over  sulphuric  acid  ibc 
tweuty-fiiur  hours.  It  did  not  crystaliise,  and  could  not  be  distilled,  except  in  vsmM^ 
without  decomposition. 

Ammonio-borethyl  is  a  somewhat  oily  liqmd,  possessing  an  aromatic  odour  and  an 
alkttline  reaction.  Carlwnic  acid  has  no  action  upon  it»  even  in  presence  of  water,  hut 
othar  acids  decompose  it  instantly  and  liberate  boretliyL  When  il  is  exposed  to  % 
measured  quauf  ity  of  atmospheric  air,  there  is  scarcely  any  perceptflile  alnor 
oxygen,  even  niter  the  liipse  of  several  houta. 
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jj o-«*0. — When  borrtlijl  Ml 

BwA  aod  aDowed  to  oxidise  grtduiilly,  firnrt  in  dry  air  and  finally  in  dry  oxygen,  it 
toTttU  a  ooloar)«M  liquid,  which  boilii  Mt  125°  C.,  but  cannot  be  dibtilled  under  atmcH 
•phrrie  prmtoire  without  partiul  deconipusitioti.  At  the  ordinaiy  temperature,  this 
product  of  oxidation  evaporatea  without  residue  in  a  stream  of  carbonic  auhydridfi.  It 
can  be  diMilled  in  vacuo  without  decomposition. 

This  body,  which  i«  the  oxide  of  borotliyl,  may  be  regarded,  as  shown  by  the  Mcood 
of  tb«  aboTC  fonnaJc,  as  d  i  ox  e  t  h  y  lo  -  bo  r  e  t  h  ^  I,  i. «.  as  borethyl  in  which  2  at.  ethyl 
•re  replaced  by  2  at.  peroxide  of  etbyl ;  and  tlua  riew  of  its  constitution  ts  supported 
by  its  behaviour  with  water :  fur  when  placed  in  contact  with  water,  it  is  instantly 
decompoaed, yielding  alcohol  and  dioxhyd  ro-borethyl,  a  compound  derived  from 
borethyl  by  the  suLstitutian  of  2  at.  peroxide  of  hydrogen  for  2  at.  ethyl : 

B]C»H»0   +    2H'0   =     B-,HO     +   2\\r       O  • 

IHoxhydpo-borethyl  may  be  conveniently  prepared  in  the  pare  state  by  agitating  it» 
aqueous  aolution  with  ether,  which  diasolvca  the  lx)ric  compound.  The  ethereal  solu- 
tion must  then  be  decanted  ;  and  on  evapomtinn  at  common  temperatures  in  a  stream 
of  rarbonic  anhydride,  the  compound  is  left  Whind  as  a  white  and  very  volatile 
cnrstalline  masR,  veiy  solable  in  water,  alcohol,  and  ether.  It  has  an  agreeul.le  ethereal 
oJour,  and  a  most  intensely  sweet  taste.  Expoeed  to  the  air  it  evaporates  at  onlirary 
temperatures,  undergoing  at  the  same  time  partial  decomposition,  and  inruriubly 
leaving  a  slight  residue  of  boric  acid.  It  may  be  sublimed  without  chancre  at  about 
40®  C.  in  a  current  of  carbonic  anhydride,  and  then  condenses  in  magnificent  crystal- 
line plates  resembling  naphthalin.  *  It  melts  at  a  gentle  heat,  and  at  a  higher  tempera- 
ture boils  with  partiiS  decompositioa  It«  Tapour  tantea  intensely  srw&eL  It  reddens 
litmus,  but  do(»s  nut  appear  to  be  capable  of  funning  definite  saU«  with  m(.-t«l]ic  baeca ; 
oxide  of  borethyl  may,  however,  as  already  observed,  be  regarded  as  its  ethyl-salt 

Fzvnklaod  giv^'s  aLno  another  view  of  the  compoeitioa  of  these  bodies.  He  regards 
boTCthyl  as  bene  anhydride,  Ii(^  or  B'O*,  in  which  the  whole  of  the  oxygen  is  re- 
plae«>d  iy  an  equivalent  quantity  of  ethyl  (1  at.  C*H*  for  each  at  0  »  8,  or  2  at  CTH* 
fur  each  at.  O  •  16),  and  suppoiies  that  when  this  compound  ia  exposed  to  the  action 
of  tht)  air  or  of  oxygen  gas,  2  at  ethyl  are  removed,  and  thoir  place  soppli^  by  an 

•qairalent  quantity  of  oxygen,  producing  dioiyAorf /Ay,  or  borie  dioretkide^  b1    0   ,  or 
^.  ,  which  remsins  combined  with  the  oxide  of  etbyl  fbnned  at  the  some  time, 

.  f^^  fCm* 

producing  ditthyUU  of  boric  diotttkide,  B  ]  ^J^  .(C«H*)K),  or  B  \  C*HK) ;    and  thii, 

*  *C*H*0 

when    subjected    to    the   action   of  water,    yields    dihjfdraU  ^f  boric   dio9tthitte, 

B  ]   --,«  .H*0.  or  B  J:  HO  ,  which  may  be  reguded  u  a  dibasic  add,  of  which  the  hy- 
<  "  Iho 

pothedcal  compound,  B  |   q-  .  is  the  anhydride. 

An  argument  i^n  favour  of  the  Bupposition  that  borethyl  is  produced  by  the  substitu- 
tion of  ethyl  for  oxyg«'R  in  boric  anhydride,  is  deduced  fbom  the  formation  of  the 
analogous  compound,  bormethyl,  or  boric  metbide,  B(CH*)*,  or  BMr*.  by  the 
action  of  zinc-methyl  on  triethylic  twrate,  which  tiikes  place  ae  shown  by  the  equatiou : 

3E»0.B'0»   +    3Zn"Mo»   -   2BMe'   +    3Zn"tl.U)«. 
Jrl-thaic  Zinc-  Borii.rthjrJ.  EiliyUii . 

tMiriite.  matbyl.  oi  iiic. 

Here  the  methyl  evidfintly  goee  to  the  boron  and  the  oxygen  to  the  sine;  whereas  if, 
as  eupposed  by  K^kul^  \^Le%rf/ueh,  p.  489i),  the  action  ooUKmUxl  in  a  simple  deoxidation 
ot  the  bone  other,  the  productii  would  be  raothylate  of  nnc,  ZnMeU,  ami  Jiurnthyl, 
BE* :  hence  it  mny  b«  inferred  that  the  decompoeition  of  boric  ether  by  zinc-ethyl  is 
likewise,  not  a  mere  deoxidation  of  the  former,  but  a  process  of  subsLitutioa.  It 
most  be  observed.  howt>vir,  that  the  interchange  which  taken  pla<!e  in  llje  formntion  of 
the  methvl-comp««iimi  is  ir»ot  that  of  methyl  for  oxygen,  but  of  methyl  for  peroxide  of 
etnyi.  EV,  the  rf!u,lJon  being  most  clearly  represented  in  the  form: 
•nXEO)*   +    3/n"Mc--   -  2BMc*   +    3Zn"(E0)'. 


ETHYL  :  BROMIDE  —  CHLORIDE. 


Moreover,  Franldiinil  finds  that  cinc-othjl  has  no  Action  whatever  on  bone  nbj- 
dride  st  any  temp«rtihire  to  wliieh  a  miituro  of  th»»  two  muy  be  exposed.  This  nii? 
indued  be  clue  to  the  inaolubility  of  the  boric  anhydride  in  th«^  zinc-f  thyl ;  but  it  ma/ 
also  indicate  that  the  association  of  an  alcohol-iadidr  nnth  the  boron  ia  an  eaaeatial 
conditiou  of  the  reaction. 

XTHVL,  BSOMXBS  OP.  C*H'Br.  Eydrobromie  or  Broniki/dric  Ether.  (Se. 
rullaa,  Ann.  Uh.  Phya  xnir.  99-— Lowig.  Ann.  Ch.  Pharm.  iiL  291.)— Disoorarrd 
by  SeruUas  in  1827.  Produced  by  the  action  of  bromine,  hydrobroroic  acid,  or  hro- 
raide  of  phosphoma,,  on  alcohoL 

Prrpnration. — 1.  One  part  of  phoaphoma  and  40  pta.  of  alcohol  of  38°  Bm.  are  intn^. 
doced  into  a  tnbtdati^  rvtorl,  and  7  to  8  pta.  of  bromine  gndually  added,  whereapoD 
the  mixture  becomes  boated  and  bydnubFoniie  and  phoaphorous  acids  are  prudaeed ; 
the  tubulufl  i«  then  closed,  the  mixture  distilled  at  a  gentle  heat>  the  distillate  oolr 
lected  b  a  cooled  receiver,  and  the  hydroliromio  ether  separated  from  it  by  water,  to 
which,  if  the  diatillHte  conttiias  acid,  a  miuiU  quantity  of  potash  ia  added  (tierallat). 
— 2.  Absolute  alcohol  gradually  mixed  in  a  distillatory  apparatus  with  a  treble  qnao- 
tity  of  bromine  and  heated  from  without  towanljt)  the  end  of  the  proceaa,  yields  a  di». 
tillate  eoDsisting  of  two  layers.  The  lower  reddish  stratum,  whica  consista  of  bromide 
of  efthjl,  a  small  quantity  of  bromide  of  carbon  (C'Br'l.  and  free  hromioo,  la  freed  from 
the  latter  by  a^tatiott  with  dtlutu  potash  till  it  losea  ito  colour,  and  then  fium  bromide 
of  carbon  by  distillation  (Liiwig). — 3.  According  to  De  Vrij,  it  is  easily  prepared  bj 
distilling  4  pta  pulTcrified  bromide  of  potassium  with  5  pts.  of  a  mixtore  of  2  pta 
strong  solpboric  add  and  1  pt  atcohQl  of  96  per  ci>ut. 

PromrHet.  —  Transparent  and  colourless  liquid,  heavier  than  water  fSerDllas). 
Specific  gravity  140  (Lowig);  14733  ut  0°  (Pierre).  Vaj^ur^ensity  «  3-754 
(R.  Marchflnd,  J.  pr.  Chem.  188).  Very  voLitile.  Boiling  poiDt  40-7C.,  when  the 
barometer  stands  ut,  7^7  ram.  (Pierre),  Has  u  stmng  ethereal  odour  and  a  pnogent 
taste  ^Serullaa).  According  to  Lowig,  \\a  t<^!rte  is  strongly  and  disagreeably  sweetish, 
with  a  somewhat  burning  afU'f-tasto.  The  vnpour,  when  inhaled,  ejbcrts  an  anaesthetic 
action,  like  chlorofomi  (koiiiti,  Coropt.  rend,  xxxii.  649).  It  ia  sparingly  soluble  iu 
iMiIrr,  but  mixes  in  all  proportions  with  aieohol  and  ttlu-r. 

Ikcompontions. — 1.  Vapour  of  hydrobromie  ether  paiii»ed  through  a  glass  tube  at  a 
low  red  neat  is  resolved  into  ethylene  and  hydrobramic  acid  gas  ;  if  the  tube  be  more 
BtTongly  ignited,  charcoal  is  deposited  (Liiwig).— 2.  It  burns  with  difficulty,  bat  with 
a  >>Piiutilijl  green  flame  which  does  not  smuke,  a  strong  oilour  of  hydrobroraic  icid 
being  at  the  same  time  evolved  (Liiwig). — 3,  It  is  not  decomposed  by  nitric  add,  oil 
of  vitriol,  or  potassium  (Lowig),  ^4.  With  a/»mofUd,  it  yields  hydrolnomats  of 
ethylamine : 

NH«  +   C«H»Br  -  C*HT^.IEBr. 

Similarly  with  cthylaminr,  it  forms  hjdrobromate  of  diet  hylnmlne ;  and  wl'    ''     '  "-r 
liydrobromate   of  trifthylMmine.       With   pheuyluraine,  N.H-.C*!!*,    it    \ 
broroate  of  etbyl'phenykmino,  C*H^'N.HBr  (Hofmann). — 6.  With  alc^L  .^  ^   ...,u»- 
9olution  it  forms  bromide  of  i^taswura  and  oxide  of  ethyl : 

C'H».K.O    +    C'IPBr  «  KBr  +    (C»n»)«0. 

(Berthelot,  Ann.  Ch,  Pharm.  icii.  3,11.) 

BTBTXi,  CBXiORlDE  QT.     CH'Cl.    Ch/orhi/dfte  or  Ht/drockloric  Ether.  Li^kk 

Murtatic  Ethir,  (Robiquet  and  Colin,  Ann.  Ch-  Pbya.  [2]  L  343. — Regnsnll, 
iiftd.  \xv.  356. — Kublmann,  Ann.  Ch.  Pharra.  xxxiiL  108. — Lowig,  Fogg.  Abo. 
xlv,  346,  —  Gm-  TiiL  367. — Q-orh.  iL  308.) — This  compound  in  an  impure  state  «u 
known  to  many  of  the  older  chemists,  especially  Rouelle ;  its  oompositloQ  was  tttA 
coiTectly  HKcertaineil  by  Robiquet  and  Colin. 

Chloride  of  ethyl  is  easily  formijd  from  alcohol  and  hydrochloric  acid  :  C  H"0  +  HC1  = 
CH*C1  +  H*0 ;  also  by  distitUng  alcohol  with  rnrious  chloride!*,   e  q.  cliloride  of 
aluminium,  antimoiiic  ehloridt-,  ft^iTic  <;hloride,  pentiu'hlondf  of  phospbor»«   ili.-i.tnn^» 
of  pliitiuum,  chloride  of  sulphur,  stannic  chloride,  chloride  of  zinc,  &c.,   ; 
especially  by  the  action  of  metallic  chlorides,  being  usually  acoomponii  f 

oxide  of  ethyl  (see  Alcohol,  i.  77).     It  is  liiewixe  protluced'  by  the  ai-tiou  ol 
ofi  iodide  of  ethyl,  by  thut  of  hydrochloric  acid  on  acetate  of  ethyl,  and,  acco. 
BtTthelot,  by  heating  oxide  of  ethyl  with  hydrochloric  acid  in  sealed  tuhr*. 

/Vrjuara^ion.— 1.  Abiadute,  or  ut  le»»t  very  strong  alcohol,  is  satunitt^l  with  Vi.'  ■- 
chloric  acid  gas,  the  liquid  diatiUed  iu  the  wuter-buth,  und  the  distillate  tJASsfU  tjn>t 
into  a  bottle  contiiinmg  wutcr,  and  imnu>rsed  in  water  at  20*^ — 26-' C,  tlien  into  • 
receiver  surrounded  with  ice.  The  product  is  wuHhed  r-ithcr  with  pure  or  with  ssliut 
water  to  remove  free  alcohol,  and  then  rectified  over  nuigneaia. 
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X  Chloride  of  ethyl  maj  also  be  prepared  by  distilling  a  mixture  otS  tAk  nlcohol, 
6  pth.  strong  iul^huric  acid,  and  12  pta.  common  salt,  or  by  distilling  ihlcouol  with  tbt 
perehloridw  of  tin,  bi««m«th.  antimony,  arsenic,  or  irom 

3.  A  convenient  method  of  preporiDg  chloride  of  pthyl  in  a  Btat*  of  parity  is  to  act 
en  ab«olut«  (or  nearly  aboolute)  aleohol  by  means  of  p«nta«hlonde  of  [ihusphoras. 
The  pent«ch]orid«  ia  contained  in  a  flaak,  and,  by  help  of  a  aoitable  arrangement  th« 
Aleohol  ia  allowed  to  flow  apoo  it  in  qnantitieia  of  a  fow  drops  at  a  time,  care  being 
t«k«o  that  each  quantity  haa  reacted  before  more  i«  iid«led.  The  mixf  um'  of  hydro- 
chloric acid  jras  and  chloride  of  ethyl  vapour  thus  firmed  is  passed,  first  through  a 
U-tobe  containing  piec<n<  of  peotaclilortde  of  phospliortii*,  in  order  to  decompO)»e  any 
aleohol  rapour  that  mny  accompany  it;  then  tluwugh  a  ve«ae|  cont^iining  water,  to 
absorb  the  hydrochloric  acid ;  next  tlin)«Kh  on^  or  l^o  TJ-tubw  oontnining  fbaed 
chloride  of  ealrinm  ;  and  laxtly.  into  a  receiver  cooled  by  a  miitare  of  ice  and  ealt. 
All  the  part«  of  the  R]tpiiratu».  between  the  generating  flask  and  the  receiver,  shotild 
be  kept  at  a  tempera! ure  of  25'-^  or  30  C,  to  preyent  the  condeniiation  of  the  chloride 
of  ethyl 

JVop*?r/iV».  — Chloride  of  ethyl  ia  a  thin  oolourlcae  liqmd,  of  epeeifle  gravity  0  92O  alt 
0»  C.  (Pierre).  It  Iwila  at  1 1^  C,  and  does  not  solidify  at  — 2»**.  Its  vaponr-deniity, 
a<)  detennined  l>y  Th^nani,  i»  2'219 ;  by  calclllatioD  for  a  condensation  to  2  vol.  it  ia  2-235 
/  •  ^/  12  4-  6  .  1  4  3o;o^  ^  o-0693\.  It  has  a  pongent  ethereal  odour  and  a  swoetiah 

Mmmatic  ta«te,  with  eomewhat  alliaceouB  after-taste     It  ia  "very  inflamniable,  and 
LaroBwith  a  green-edged  Ibime,  evolving  hydrochloric  acid. 

Chloride  of  ethyl  dissolves  sparingly  in  water,  but  mixes  in  all  proportions  with  al- 
tokol  aod  tther.  It  dissolves  sulphur,  phojtphorm,  fats,  volatiU  oil*,  many  resint  and 
aolomnitg  mtatttrs.    It  nnitee  with  several  mftaUic  ekloridta, 

BmSatkUtrid*  ofantimonif  absorbfl  the  vapour  of  chloride  of  ethyl,  with  evolution  of 
heat,  and  forms  a  coluvirless  liquid,  which  fumes  in  the  air,  and  in  a  dry  utmoaphere 
aolidifie*  to  a  crystalline  mass;  this,  however,  gradually  becomes  liquid  and  l>a^wn, 
and  slowly  dopooita  crystals  of  trichloride  of  antimony,  whereupon  water  throwa 
down  a  browQ  oil  from  the  brown  mother-liouid  (Kuhlmann).  Stannic  chhride 
likewise  yields,  with  evokitinn  of  heat,  a  liquid  which  fumes  in  the  air,  and  when  set 
aside  over  lime  under  a  bell  jar  containing  air,  effloresces  on  the  edge  of  the  Ijasin  in 
plumose  Tegetations.  Water  diMwmpoecs  the  compound,  separating  part  of  the  ether 
IQ  the  undecompoaed  state,  and  if  the  compound  i»  not  recently  prepared,  precipitat- 
ing a  white  substance,  probably  stannic  oxide  (Kuhlmann).  SfsqutchioriJe  of 
iron  in  dry  air  forms  with  chloride  of  ethyl  a  compound  which  crvHtallisea  iodistinetly, 
and  irom  which  watc^r  throws  down  a  lar^e  quantity  of  ferrie  oxide  and  separates  hy« 
drochloric  ether.     (Kuhlmann,  Ann.  Cli.  Pharm.  xxiiti.  108.) 

Chloride  of  ethyl  is  used  in  medicine  for  the  same  purposes  as  common  ether ;  it  hu 
been  recommended  in  catarrhal  affections.  As  its  great  volatility  would  interfere  with 
its  application,  it  ia  osually  mixed  with  an  equal  weight  of  alc<ihol,  the  mixture  consti- 
tuting the  ttlcoholiatd  mxtrintic  etKt-r  of  the  phannaeopwiaa. 

DMcmfo*iti<m*.  1.  By  A/a^— Chloride  of  ethyl  passeil  thmuyh  a  re<J-hot  porcelain 
tabe  is  resolved  into  ethylene  and  hydrochloric  acid ;  at  a  stronger  heat,  carbon  ia  se- 
pamted,  and  marsh-gas  and  hydrogen  are  obtained,  as  well  as  liydrochloric  acid. — 
2.  Cold  nitric  acid  of  specific  gravity  l"3  exerts  no  action  on  chloride  of  ethyl ;  but 
when  the  vapour  of  that  c«>mpuund  ia  passed  through  the  boiling  acid,  hydrochloric 
acid  is  evolved,  together  with  a  small  quantity  of  nitrous  ct  her  (T  h  i  a  a  r  d,  ))  o  u  1 1  a  y). 
— 3.  StUphurie  anhtfdridr  absorhH  the  vapour  of  hydrochlorio  ether  abundantly,  and 
converts  it  into  a  liquiil,  which  fumes  in  the  air,  boils  at  130°  C,  and  pi<u)ea  over 
partly  nndecompofted.  whilst  the  residue  turns  brown  aod  gives  off  Bulphurnus  acid 
iKunlmano,  toe.  cit.).     The  coniix>und  thus  fr>rni«*d  is  SO*.C^H*CI,  and  may  be 

/  C'-'H'O 
regarded  as  cfalorethyloBalphuric  acid  (SO^"j    ^.     ,  thai  is,  as  sulphuric  a<ctd 

(SO*)"  I  5q,  in  which  I  at  HO  is  replaced  by  peroxide  of  ethyl  and  the  other  by 

efalorine  (R,  Williamson.  Chem.  8oc.  Qu.  J.  x.  1<I0).  Stmnc  «»tphuric  arid  likowitte 
abaorbe  irap<iur  of  chloride  of  ethyl,  but  doi*  not  aftorwardu  yield  nii  oil  on  addition  of 
wat«r(K  u h  1  m a  n n ).  It  does  not  exert  ni«y  dfcomposing  action  at  medium  temperaturea, 
but  when  the  vapour  of  hydrochloric  ethrr  ia  pafacd  throuch  it  at  »  high  tt'mperature, 
liyitrochloric  acidgus  iaerolved  (Theiiard),  together  with  ethylene  gMis.  and  ultimately 
also  with  miltihiiromt  anhydride  (Boullay). — 4.  In  an  aqueous  solution  of  n/Vm^e  q^ 
«/«yr,  rhloriae  of  ethyl,  whether  in  the  gaseous  or  liquid  state,  forroft  nn  precipitate  stt 
first,  a  very  sliplil  one  after  an  hour,  anrl  even  in  three  monlhs  but  a  !«mall  quantity  of 
chloride  of  silver  (Thenard,  Boullay) ;  according  to  Th^ard.  it  acts  in  a  prt^cisely 
•imilar  manner  on  mercurom  nitrate,  but,  according  to  Boullay,  it  immediately  throws 
\ou  Ih  M  M 
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down  tt  liirg*  qunntity  of  <«\loini*l  from  a  iiolution  of  that  nal^  Chloride  of  «lT«r  is 
rapidly  prwipitaU-d  when  hj'drocliloric  ether  is  hettt<'d  to  1U0°  C.  in  »  temled  tQb« 
with  iiqueouft  solution  of  nitrate  of  silver  (G.  C.  Foster).— 6.  Ammaniacal  pat  and 
the  »c}UeuU9  ftolutiojj  of  ammunla  act  but  venr  blowly  ut  ordinuiy  t*mpeniti»r«  on 
chloriiU-  of  ctlivl,  either  in  the  gaseous  or  liqaid  state,  taking  up  a  «miJl  quaiiUtj  of 
cUlariiir  from  it  (T  h  enard).  A  mixture  of  I  vol.  ehloride  of  ethyl  Tftpoar  and  2  xoL 
ammoniacal  ffm  hciitcd  over  the  flame  of  a  spirit-liiinp.  k>od  iliminishes  in  tvloaw; 
dcpoeitfl  u  lurgo  quantity  of  Bal-ammoniac,  und,  after  b<>Ing  hentt>d  for  aume  tin 
teavea  x  inixtur<<  of  aromoniacal  iinii  ethylene  ga»  (Dumas  and  Staa,  Ajul  Cb.  P*" 
IxxiiL  164).  C'H^Cl  +  NH'  =  C-H'  +  HEHJL  Chloride  of  ethyl  act*  slowly  < 
ethereal  aolulion  of  nmmonia.  Whi-n  the  mLxlure  is  allowed  to  cttajid  in  »to  ' 
iKittles  exposed  to  snnlight  at  the  begiamiig  of  the  reaction,  fine  crystals  uf 
chlorate  ofetbykmine  are  deposited  (St as.  Ktkuli'M  Lchrhvch,  L  456),  ChJorid*  of 
ethyl,  mixed  with  thretj  Uine»  its  volume  of  aleohol  saturated  with  atnxaoiu«-ga«,  and 
heated  to  100**  C,  for  six  or  seven  hours  in  a  sealed  tube,  yields  a  large  <jtiaiititj  of 
chloride  of  ethylamraonium  (N.n'.C-H*).Cl,  toj^ether  with  smAU  quantitiea  of  Ma 
ehloridafl  of  diethyl- ruid  tetrethyl-ammonium  (Groves,  Chera.  Soc.  Qu.  J.  xiii.  331).— 
0.  Aqtuoua  potash  at  ordinary  temperatures  takes  but  a  small  quantity  of  chlonoe 
flnom  chloride  of  ethyl,  even  in  the  course  of  three  months  (Thinard).  Aooordiog  U 
Boidlay,  the  vapour  of  hydrochloric  ether  paetiwl  tlirough  a  bent  tube  into  potaah-lej 
heated  in  a  tubulated  retort,  is  almost  whoUy  decomposied,  ehloride  of  potAsntim  bring 
formed  and  alcohol  having  the  taste  and  amell  of  rum  distilling  over: 

C»H»C1  +  KllO  =  C»H'0  +  KCL 
A  MtiiTated  aleoholie  wlution  of  ptAivih  deeomnosea  hydrochloric  ether,  between  H" 
and  26"^  C,  more  rapidly  than  aqueous  potash.  I>cpinni*ng.  in  fiict,  to  deposit  ehlondfl 
of  potassium  after  the  lapse  of  twenty-four  hours ;  but  the  deconiftosition  is  not  oftm- 
plete  even  in  a  week  (Th  Anard),  A  mixture  of  almholie  potash  and  hydrochloric  ttb'^T 
inclosed  in  a  strong  glass  tube  and  heatt-d  to  IdO*^  C.  di'jK»»it«  chloride  of  potawium 
and  forma  a  liquid  containing;  common  ether  (Babird.  Ann.  Chim.  Phye.  [3]  xii.  302;. 
When  vapour  of  chloride  of  ethyl  is  p;i8.s«l  through  a  tube  in  which  a  mixture  of  litne  and 
hydrat*  of  |»otaBsium  is  gently  heated,  chloride  of  potassium  is  obtained,  together  with 
very  pure  ethylene  gas  (Dn  mas  and  Stas). — .7.  Vaponr  of  chloride  of  ethyl  passed  into 
a  heated  alconolic  solution  of  protoatdpkide  of -poiassium,  is  converted  into  sulphide  of 
ethyl ;  similarly,  with  an  alconoUc  solution  of  sulphide  of  hydrogen  and  potofisiuin,  it 
forms  mercaptan  (Regnault): 

2C«H'C1  +  K'S  =  (C?H')'S  -f  2Ka ;  and  C»H»a  +  KHS  «  C»H«S  -h  "KCl 

8.  Potassium  acta  rapidly  on  chloride  of  ethyl,  producing  an  evolation  of  heat,  wbovW 
part  of  the  ether  is  volatilised,  with  ebullition.  If  the  potassium  be  frt-ed  bynrpeatvfl 
pressure  from  the  crust  which  forms  upon  it,  tlio  whole  of  it  is  ultimately  coovntid 
into  a  white  powder,  Thia  powder,  when  Bul»jected  to  dry  diKtillation.  givr«  off  < 
biistible  gases  and  leares  a  carbonactous  residue,  which  immediately  bams  a« 
exposure  to  the  air.  It  dissolves  in  water,  with  evolution  of  hydrogen,  tc 
liquid  which  contains  a  large  quantity  of  chloride  of  potassium  ;  ether  ahakra  np  i 
this  liquid  disaolvea  out  an  oil  which  rt- mains  behind  when  the  ether  is  erapotntcd  in 
vacuo,  but  likewise  evaporates  itself  when  left  for  some  time  in  the  racaum.  Tba 
oil  has  a  peculiar  odour,  a  soapy  and  somewhat  burning  taste,  and  bams  with  a  bright 
flame.  The  white  powder  eont;iiii.s  curton  and  hydrogen  in  the  proportion  of  (fl'^70 
pt».  to  17-21  pta. ;  thertfore  in  the  proportion  of  ethyl,  C'H*.  Hence  the  wbitif 
powder  appears  to  be  a  comi>ound  of  cnloride  and  ethylide  of  potaasinm,  KCH*  i 
the  oil  is  peirhapa  a  hydrate  of  ethyl     (Lowig,  Pogg.  Ann.  zlv.  346.) 

Cklobinatbd  Dkhiyativbs  op  CHLoaiDB  OF  Ethti- 

Chlorine  does  not  act  on  chloride  uf  ethyl  in  the  dark,  and  but  slowly  in  diffiued 
daylight ;  but  in  sunshine  the  adion  is  very  rapid,  the  liquid  aometitnes  taldiig  fin 
and  denoeiting  charcoal.  If  the  action  b«  set  up  in  direct  Kunobine,  then  eontjnoadoi 
diflhaea  daylight,  and  Anally  completed  in  sunshiue,  the  following  aubetitotiao-piodiidl 
axe  formed,  with  evolution  of  hydrochloric  arid : 

C*H*C1*    =    C' ""  "^^  "•  '^ 
CM1'C1»    -   C 

cn=a*   «  C 

c-Ha»    -  c^ua*;.u 

cci«      -    ca'.CL 

The  last  of  these  producta  ia  ideutipal  with  trichloride  of  carbon  (i  766)  :  the  first  ii 
isomeric  with  diohloride  of  ethylent";  the  8<*coiul,  and  those  which  follow  it,  with  chJohde 
pf  vinyl  and  its  dtrivutires.     (lifguoulf,  Ann.  Ch.  Phys    [2]  ixxi.  365.) 
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Monoeklorinatrd  Chloride  of  Etkyt,  C*H*CI»- oj^* J. CL— .Isomeric    witb 

dirhloridp  of  ethjleae:  Mmetimea  called  Chloraldehyde, 

The  apparatus  used  for  the  preparation  of  this  compound  is  nmilor  to  that  which 
Borves  for  th«  preparation  of  colonde  of  ethylene  (f>n.).  Chloride  of  ethyl,  cToIvod  br 
heating  in  a  fldsk  a  mixture  of  equal  volmncs  of  aJoohol  an<i  fuming  hydrochloric  acid. 
ia  jMaaad  through  three  waah-bottlpe,  the  fir^t  confMinin^  wuter,  llio  sfcond  Bulj-huric 
acid,  and  the  thirtl  wat<T,  to  ftee  it  from  hydrochloric  acid  und  alcohol,  and  then  iota 
n  gla««  ^obe,  which  is  connected  on  its  of|X)«it«  side  with  another  flaak  in  which 
chlorine  la  erolypd.  The  globe  bus  at  the  bottom  a  narrow  neck  fitted  into  the  cork 
of  a  wide-moutliod  bottle,  which  ia  furthir  connected  by  a  bent  tube  with  another 
bottle  standing  in  a  resael  of  cold  water,  this  second  bottle  being  alao  provided  with  an 
c!9cnp»-tiibe  for  the  hydrochloric  acid  gua  evolved.  The  chlorine  and  hydrochloric- 
ether  meeting  in  the  glam  globe  are  at  first  exposed  to  the  rays  of  the  sun  concei:- 
trated  on  the  ressel  by  a  leoa  or  mirror ;  but  when  the  action  has  thtia  been  aet  tip^ 
the  reeael  ia  placed  in  the  shade,  and  the  action  left  to  go  on  by  iteelf,  care  being  taken 
to  keep  up  a  good  stream  of  the  vapour  of  chloride  of  ethyl,  lo  as  to  prevent,  a«  fkr  as 
possible,  the  formation  of  the  more  highly  chlorinated  products.  The  roonochlorinated 
nyilroehloric  ether  thus  protluoed,  condenses,  partly  m  the  globe,  partly  in  the  wide- 
in<j)uthed  bottles.  It  is  purified  by  shaking  it  up  several  times'with  water,  then  dis- 
tilliiiK  orer  the  water-bath,  and  finally  rectifyini;  over  quicklime,  the  fimt  drops  of  tho 
diatiwlte,  wliich  contain  unaltered  chloride  of  ethyl,  being  reji-cted,  and  likewiao  the 
last  fourth,  which  geoenilly  contains  the  n»ore  highly  chlorinated  prfnlucta. 

Mooochli»rinate<l  chloride  of  ethyl  is  a  transpiirent^  oolourleaa,  very  thin  liquid,  of 
specific gru-rity  1174  at  17°  C.  Boils  at  64^.  Vapoor-density,  by  experiment  3478, 
hy  calculation  (2  vol. )  3-42.  It  is  insolnble  in  footer,  but  miscible  in  all  proportions  with 
alofih'il i^nd  ether.  Smells  like  Dutch  liqdd,  and  has  a  sweet,  fiery  toxte.    (Jlegnault) 

When  distilled  witb  aicoh^Uc  po(n$h,  it  piissea  over  for  the  meet  part  rmaltered  ;  but 
the  rp5iduo  contains  a  irm.ill  qunntity  of  chlondc  of  potassium,  and  on  addition  c/t 
WHt«T  deposits  a  brr>wn  sticky  re«in,  probably  resin  of  itldehyde. — It  may  be  distilled 
nndecompoeed  in  contact  with  potOMaimn,  the  metiU  retaimng  its  lustre.  (,Regnuult.) 

MouochloriiiHted  hydrochloric  etiier  ia  distinguished  from  Dutch  liquid,  which  is 
isomeric  with  it,  by  it«  smaller  specific  gravity,  lower  boiling  point,  and  difficult  de- 
compoeibility  by  potash. 

PrrjMration  \\f  thf  more  highly  chlorinated  prodtvls.  -  These  are  obtatned  by  the 
action  of  chlorine  on  the  compound  just  described.  In  difiiised  daylight  chlorine  does 
not  exert  any  perceptible  decomposing  action  on  the  moriuchlorinated  chloride, 
but  diusolves  in  it  abundatiHy,  imparting  to  the  liquid  an  ititense  yellow  colour. 
If  the  liquid  tliui*  snturated  be  exposed  to  sunshine,  a  rory  violent  action  is  set  up, 
torrents  of  byflri>chlorie  add  being  evolved,  and  the  liquid  often  thrown  out  of  the 
v»?a*el. 

On  pouring  a  small  quantity  of  the  monochlorinated  chloride  into  a  large  bottle 
filled  with  chlorine,  and  ex[x>sing  it  to  Huushine,  crystals  of  the  perchlorinuted  com- 
pound, (.X'l',  are  obtnincd  after  ti  while.  The  preparation  of  the  intermediate  pro- 
liuctH  is  somewhat  difficult,  but  may  be  effected  by  operating  as  follows  with  a  huge 
i^uantity  of  mntorial : 

6(K)  or  700  grammes  of  the  monoehlorinated  chloride  are  placed  in  a  largo  test-tnbe 
lod  cover^Hl  »nth  »  layer  of  water.  A  streitm  of  chlorine  is  then  passed  to  the  bottom 
of  tho  tol)e,  which  is  connected  with  a  cooled  receiver,  and  placed  at  first  in  the  shade, 
BIO  that  the  chlorine  may  saturate  the  liquid  without  decomposing  it.  The  vi>i>>hel  is 
sfterwaids  placed  in  a  stronger  light,  or  even  in  sunshine,  and  aifter  the  Motion  htta 
gone  on  for  about  two  days,  the  liquid  ia  distille<l,  and  the  fir»t  half  of  th"  ditttilUte  is 
again  subjected  for  a  while  to  tlw*  lu'tion  of  chlorine,  then  united  with  the  sei'ond  half, 
and  the  whole  distilled  in  a  ri'tort  fitted  wilh  u  thermometer,  the  first  and  last  fourths 
of  the  diatillnte  being  act  aside,  and  the  mt-dium  portion,  which  ought  to  boil  at  m 
tolerably  constant  temperature,  Wing  eollect<»il  apart.  By  further  fractionating  this 
inodinm  product  into  several  parts,  products  of  constant  boiling  point  and  coiopositfon 
will  at  Ienj,'th  be  obtuiited  in  a  st^ite  of  purity.  The  other  fractiiins,  which  do  nr>t 
exhibit  con!»tant  boiling  points,  may  be  used  for  the  prep«nitir>n  of  the  more  highly 
chlorinated  products,  for  which  purpose  they  are  returned  to  the  test-tube,  to  be  again 
fmbroitt^  to  tite  action  of  chloritw,  the  least  chlnriniited  l«?inj;  treated  first. 

The  liquid,  which  condenses  in  the  coided  receivor  during  the  action  of  the  choriue, 
ts  preaervpd  for  the  preparation  of  the  perchlorinrtt<Hl  eompiounJ,  OClf. 

The  lower  prodnrts  are  obtaineil  with  ttderable  facility  :  but  th«  preparation  of  those 
which  contain  llic  larger  propirtinnK  of  chlorine  is  much  more  difficult,  becnu^ie  tho 
quantity  of  liquifl  subjected  t«  the  action  of  the  chlorine  diminishes  considerably 
daring  the  o]icration,  whereby  the  difficulty  of  »rpiiniting  the  ivoduct^  by  diMiilatJOD 
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(■  incrfojM.  It  it  neMMary  to  anntyse  th«  prodacU  fhim  time  to  time,  so  ae  to  Mb 
9urv  that  the  required  dftgree  of  cblorination  i*  not  coiceedad. 

Dichlorinated    Chloride    of  Ethyl,    C*H'C1»  «  C*<^'j.CL— Isomeric witj» 

chloride  of  vinyL  Specific  gniTity  1-372  at  0°C.  Boiling  point  75=».  Vapoar  density 
4  530.  Its  odour  reaemblm  that  of  Putcb  liquid.  It  ia  Bcaroelj  altered  bj  an  ako> 
hoUc  solution  of  potash,  eren  at  the  boiling  beat ;  but  after  th«  treatment  haa  bera 
n>peated  Mveral  times,  chloride  and  acetate  of  potaasinin  are  prodoced : 

C*H»a'  +  4KflO  -  3KCa  +  C»H«KO»  +  2HH). 


I 


C» !  ^j,  I  .Cl.— Difficult  to  ob- 


It  ifi  not  decomposBd  hj  alcoholic  aulphydrat*  of  potaanittm. 

Trichlorinalfd  Chloride  of  Ethyl,  CEK^l*  -  C j ^'J .CL  — R«cnjW« 

two  preceding  products  in  eitemal  characters.  Specific  gravitr  1530  at  17*C. 
Boiling  point  102°.  Vapour-dcnaity  6'799.  Heated  with  acholic  potash,  it  jirU* 
a  certain  quantity  of  chloride  of  potaBsinm.  Not  attacked  by  ■ulpbydnte  of 
potaasinm. 

Tetrachlorinated  Chloride  of  Ethyl,  (?HC1» 

lain  pure.  A  product  not  quite  pure  had  a  specific  gravity  of  1-644.  Boiling  point  146^  C 
Vapour-density  =  fl-975.  It  is  more  easily  ntt«cked  than  the  preceding  product*  by 
al«)holic  potash,  heat  being PTolTcd  and  chloride  of  pota»ium  deposited:  the  diatiliHl 
liquor  diluted  with  water  deposita  an  oily  substance.  Potawium  does  not  actopon  tht 
t4>trHchIorinated  compound  in  the  cold,  but  on  applying  beat,  a  Tiolaot  explocion  talM 
place  and  carbon  ia  depoijited, 

Prrchhrinated  Chloride  of  Ethyl,   CCl*  =  C?C1'.CI.  — Identical   with   tn- 

chloride  of  carbon  (i.  766). 

Hravtj  Hydrochloric  Ether,  the  product  obtained  by  passing  chlorine  into  il- 
cohol,  not  lung  enough  to  conTcrt  it  into  chloral,  and  washing  the  pro«iuct  with  water 
und  potash,  or  by  Auturating  alcohol  with  hydrochlurie  acid  gaa  aod  aistilling  with  per- 
oxliio  of  miinganese,  or  by  pasaing  chlorine  into  ether  and  precdpitating  with  water,— 
is  a  mixture  of  seTeral  products,  viz.  acetate  of  ethyl,  aldehyde,  chlomJ,  eblorids  «^ 
ethyl,  and  perhaps  also  chloride  of  ethylene.     (Gm.  viiL  273.) 

STBTIh  CBIiO]U>P£ATZirATS  OF.    See  ETHTLBTd-CBXXiBim  Or  Pbinnii 

BTarrio,  CKJ^OUOSm^nAm  or,  or  ChlurethyUuipkuric  Acid.  8« 
p.  62y ;  also  Si'lphi'ric  ExHBBa. 

STBTX,  OTAVZns  Or.  C»H*N  =  C*H*.Cy.— The  prepamtlon  and  vof^  of 
the  retirtion*  of  tfiis  compound  are  deaoribed  audor  Crjutntsa  (p^  211).  We  bav«  hen 
to  spfcik  of  the  pro.lucts  of  ita  decomposition  by  chlt/rinc,  as  described  by  B.  Otta 
^Ann.  Ch.  Phami.  cxvi  185.) 

When  drr chlorine  gaa  ia  paeaed  iuto  cyanide  of  ethyl  in  a  reaeel  expoaed  to  diffxed 
daylight,  a  large  quantity  of  hydrochloric  aoid  is  evoked,  aod  at  the  end  of  the  r«<» 
tion,  which  requires  at  last  to  be  aatnaled  by  heat,  the  vieicid  liquid,  if  exposed  bo  lbs 
temperature  of  a  freezing  mixture,  deposits  a  crystalline  stibstance  (a),  having  tlw 
composition  CH'*C1*N»0'.  Tliis  substance  is  soluble  in  water,  alcohol,  aod  etJbar, 
melta  at  110-^^  C,  and  solidifies  to  a  radio-ctystalline  mass  at  86'^.  The  aqueoatsoli> 
tion  is  neutral,  is  not  precipitated  by  nitrate  of  siilrer,  und  when  boiled  with  potsik 
gives  off  a  lajrge  quantity  of  ammonia  and  leaves  chloride  of  potassium. 

The  liquid  Mparated  from  this  crystalline  substance  (a)  yields  by  distHlation  a liqui 
diHtillate  (£)  and  a  brown  residue  (c),  which  solidifies  to  a  crystalliDe  massoa  eooha^ 
The  distillate,  after  repeated  rectification.  boUs  with  slight  deoompooition  at  104'*— 
107*^  C,  and  exhibita  the  composition  of  cyanide  of  dichlorethyl,  (?llHiHii« 
CHH^V.Cy.  Specific  gravity  ^  1-431  at  15°  0.  VNpour-denaity.  by  expenment* 
4*28  ;  by  calculation  -  4*29.  It  is  colom-less,  injioluble  in  water,  nuacible  in  afl  pnv 
portions  with  ajcohol  and  ether.  When  kept  in  loosely  stoppered  raesela,  it  dM()e»> 
poses  with  abundant  formation  of  hydrochloric  acid ;  and  when  heated  with  potash  w 
baryta,  givcH  off  ammonia  and  yields  chloride  of  potassiom  or  bariant,  together  vit^ 
the  salt  of  a  nuu-voLatile  acid. 

The cryataJa  which  separate  firora  the  residueCc)  likewise  exhibit,  after  reRyBlaUaBrioB 
frotn  alcohol,  the  composition  of  cyanide  of  dichlorethyl .  They  have  sometimes  the  fan 
of  scalesi,  sometinies  that  of  large  tables  or  prisms;  they  are  coloarlesa  and  inodoRHi^ 
melt  at  746°  C,  suHim©  with  difficulty,  and  with  partial  decompKisition,  air  io- 
soluble  in  water,  diiwobre  at  26*^  C.  in  7*17  pts.  of  anhydrous  alcohol  and  in  0*77  p(a 
ether.     With  alkalis  they  behave  like  the  isomeric  liquid  compound. 
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STSY&,  rXtUOBniB  or.  Hifdrofiuonc  or  Ffitorhffdric  Ethrr.  C»IPF(?)— 
Produced  bv  dinfiJling  «  mixture  of  fluor-spar,  iralphuric  acid,  and  alcoliol,  or  by  p«»- 
^ng  dry  hydroflaoric  acid  gan  into  absolnt^  alcnho]  contained  in  a  leaden  or  pltttinum 
rmel  aarroanded  with  icp  and  aidt.  Oa  diEtillinR  off  about  onp-fourtli  of  the  aata- 
imted  tiquitl,  and  mixing  (he  distillate  with  wat<T,  ii  light  ethereal  liquid  riiiM  to  the 
•urTace,  which  uppcArs  to  be  flunnJe  of  ethjL  It  is  Tery  ToIatUei,  coloarlMa,  has  a 
pectiliar  odoiir.  lik**  that  of  horse-rBdish,  and  bums  ■with  a  bluiah  flame,  giring  off 
Tvpoam  of  hydroflui-iric  acid.  It  cannot  be  pmarred  in  gta«  remela,  at  Ie^t!»t  not  in 
contact  with  water,  buing  then  decom{iofl«d,  with  furmation  of  alcohol  and  silieofluorido 
cfpotamium.  It  han  not  been  obtained  snffieieotly  pure  for  exact  An&lyaia.  (Roinieh, 
J.  pr,  Chom.  xix.  514.) 

ZTmx,  KTBBATB  Or.     See  Alcohol  (L  72). 

STSY&,  SY9&XOB  or.  FAhi/Ude  of  Ht/drog>^  C»H«  -  C«HMt  —  Thia 
eompound.  which  i»  iaomeric  with  methyl,  waa  ori^ally  obtained  by  Pranklaod 
and  Kolbe  in  1848  (Chem.  Soc.  Qm.  J.  L  60)  hy  the  action  of  potawinm  on  cyanida 
of  ethyl,  and  waa  at  that  time  regarded  as  metliyl.  Afterwardav  in  1&60  (Chem.  Soc 
Qii.  J.  til.  338 X  Frank  land  obtained  it  by  the  actioa  of  water  on  sino-ethyl,  and 
ahowpd  that  it  is  diatiaci  from  the  true  methyS  (diaooTered  by  Kolbe  in  lH4i>l,' which 
ifl  obtained  by  the  electrolyala  of  acetic  acid^  and  by  the  action  of  unc  on  iodidn  of 
mrJhyl 

Hydrida  of  ethyl  ii  prodaced :  L  By  the  resolution  of  a  molecule  of  ethyl : 

C*Yi^     -     CW     ^     C'HML 

EttijL  Etbjrletie.  HfindcoT 

Thia  decompcwJtion  takes  place  when  iodide  of  ethyl  is  heated  with  ain«  in  a  sealed 
tube,  alao  when  it  lb  decomposed  by  light  in  presenee  of  mereury  (p.  425), — 2,  When 
iodide  of  ethyl  is  decomposed  by  einc  in  presence  of  water  or  of  alcohol : 

2C?TI*I  +  Zn«  +  H'O  -  2(C»IP.H)  +  Zn*I*0. 

The  formation  of  hydride  of  ethyl  by  the  action  of  potassium  on  cyanide  of  ethyl  (not 
q(itt«  dry),  aa  above  meotioned,  was  probably  due  to  both  these  modes  of  deoom- 
ponition. 

PrrparalUm. — When  equal  parts  of  wat«r  and  iodide  of  ethyl  are  heated  with  rinc  in 
a  Heated  and  exhausted  glass  tube,  in  the  manner  dt^acribed  on  page  624,  deoompositioa 
t«kM  place  at  a  lower  temperature  thiui  when  zinc  is  heated  with  iodide  of  ethyl  alone ; 
the  decompoeitioii  is  complete  in  about  two  hours.  The  liquid  portion  of  the  contenfa 
ef  the  tnbe  is  thick,  and  solidiflea  on  cooling  to  a  white  amorphous  mass.  On  opening 
the  tutw  under  water  containing  sulphide  of  potassium,  a  large  quantity  of  gas  eacafN^s, 
vlijch,  by  combustion  with  oxygeiij  it  found  to  biv©  the  composition  of  hydride  of 
•thyl,  CH«. 

This  gaa  it  colourleaa,  nearly  insnlnble  in  ttxUer,  bat  soluble  in  altohnt,  which  at 
8-8**  C^  and  under  a  pressure  of  6fl5*6  mm.,  diaaolrea  1-22  of  its  own  volume  of  it 
(S<»e  GA.¥iM,  Abjhirptioh  ok.)  Specific  gravity,  byobeerTtition  1-076 ;  by  calculation  for 
a  condensation  to  2  voL  it  is  1039.  It  has  at  first  a  faint  ethereal  smell,  bat  bectjmea 
quite  inodorons  after  being  treated  with  alcohol  and  fuming  sulphuric  acid.  It  does 
not  liquefy  at  — 18°  C,  or  even  under  a  preasuje  of  20  atmospheres  at  +  3°.  Chlorine 
does  not  act  upon  it  in  the  dark;  but  on  exposing  the  mixture  to  diffused  daylight, 
the  colour  of  the  chlorine  diiwippeaPi  altogethur.  2  Tol.  chlorine  with  1  voL  hydride  of 
cthjrl  yield  2  toL  hydrochloric  aci<i,  together  with  an  oily  liquid  having  the  same  com- 
poeitioa  per  cent,  as  Dutch  liquid.  This  reaction  duitlnguishea  hydride  of  ethyl  from 
methyl:  for  when  I  toL  of  the  latter  is  mixed  with  2  vol.  chlorine,  the  product*  are 
3  ToL  hydrochloric  acid  and  I  toL  at  a  go*  having  the  composition  CH'Cl. 

STBT^  ZOX»ISa  or.     CTI»L    Hydri»dic  OT  IfHlhtfJric  Kihrr.    (Gay-Lussao 


[1816],  Ann.  Chini.  xci.  89.-  SerulUs,  Ann.  Ch.  Phys.  [*2]  xit.  323;  xliL  119.— 
:  £.Kopp,  J.  Pbarm.  [3]  vi.  109.  — R.  Marchand,  J.  pr.  Chem.  xxxiii,  186.— Frank- 
land,  Chem,  Soc  Qu.  J.  iu  2fl3  ;  iii.  322. — Om.  viii.  359. >— This  compound  i»  pro- 


duced: I.  Ey  distilling  absolute  alcohol  with  hydriodic  arid  containing  free  iodine.— 
I  2.  By  the  action  of  iodine  and  pboftphurus  on  alcohol: 

5(C»H».H.O)  +  1*  -f  P  «  fiCH*I  +  PHK)*  +  WO. 

The  phosphoric  aeid,  at  the  moment  of  its  production,  acts  on  a  rixth  molecule  of  al- 
l  cohol,  in  such  a  manner  as  to  fonn  eth^-l-phospboric  acid.  C*n*.H*.PO*. 
[      Preparation. — The  second  reaction  is  almost  invariably  used  for  the  prpparntton  of 
I  iodide  of  ethyl     The  iodine  Nud  phosphoruH  are  eitlier  added  to  the  alcohol  in  alt'T- 
I  tiate  small  portions,  or  the  alcohol  is  poured  upon  the  whole  of  one  of  these  sttbetancct, 


su 
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and  the  other  ia  then  addwl  tiy  small  portions.    FrAnklind  potrt«  36  pta.  ahsohtt 
jiloobol  on  7ptA  phojphoros  in  a  vena*-!  8virrc>ut)dc<i  with  ice-cold  water;  than  a  '  ■ 
dunlly  32  ptA.  ot  iodine;  dwiints  tho  liquid  from  tho  nndiasolved  portion,  tui 
it  ovt;r  the  wat<'r-bat)i;  wiu*h«\'ithe  distillnto,  and  mixes  it  with  more  iodine,  U.-  .-    . 
hibits  a  faint  colour:  then  dries  it  over  chlorid*  of  cnlciam  ;  and  rectifies  it  rcpe&tedlj 
over  a  mixture  of  chloride  of  crtlcium.  mprvnry,  and  oxide  of  lead,  to  free  it  from  the 
rcmaiDiing  vrat<^r,   and  from  iodine  and   hydriodic  acid.      Lantern ann   (Aad.  Ch. 
Phann-  cxiii.  241)  proceeda  in  a  similar  manner,  pouring  10  pt»».  abMilot**  or  ft.5  ptr 
cpnt,  alcohol  on  an  equal  weight  of  iodine,  and  very  gradu  "       '  "'       '     '      '    )  ii». 
pboni.i.     Uofmann  (Chem.  Soc.  Qu.  J,  xiii.  69),  to  avoid  t  .ich 

take*  place,  even  when  th©  phosphorus  is  very  prailuallv  .;  x.-ro  of 

iodine  and  alcohol,  occasioning  loss  of  material,  and  soraettm'-    i  nbtutioQ, 

inlroduces  the  phosphorus,  together  with  about  one-fourth  of  tf  .  :  '  be  aaei, 

info  a  retort  connected  with  an  efficient  cooler,  and  having^  in»ert<-d  iuio  it*  tabaloa  a 
plans  globe  provided  with  tube  and  Btopcook.  The  rest  of  the  alcohol  is  then  poared 
upon  the  iodine,  and  the  aolution  thos  obtBine<i  is  poured  into  the  glass  globe: 
the  retort  ia  heated  by  a  sand-  or  watw-bnth  till  the  phoRphontt  melta;  ud 
tJie  alcoholic  solution  of  iodine  ia  then  suffered  to  flow  gradually  into  it.  Iodide 
of  ethyl  ia  thus  produced  and  di^f  ils  over,  topether  with  alcohol.  The  re»t  of  tli* 
io<line  i»  then  disaolved  in  tlie  di-Htillate,  in  which  it  dissolvea  ranch  more  freely  thu 
in  pure  alcohol,  and  the  concentrated  solntion,  of  iodine  thua  obtained  ia  pouted  biick 
into  the  retort,  where  it  is  immediately  converted  into  iodide  of  ethyl.  In  pKpaxia^ 
large  quantitie.s  of  iodide  of  ethyl  by  this  method,  it  is  fotud  more  advanfc 
po'ir  the  whole  of  the  alcohol  at  once  on  the  phosphoruB  in  the  retort,  thei 
the  iodine  in  previously  prepared  iodide  of  ethyl,  in  which  it  is  extremely  aolabU 
allow  this  solution  to  flow  pradually  from  the  plobc  into  the  retort  Good  piopa 
art^'  1000  graai.  iodine,  700  gmiH.  alcohol  of  specific  gravity  0-84,  and  60  grma.  ] 
phorua.  The  iodide  of  ethyl  diatila  over  at  once  perfectly  colonrlees,  and 
only  to  be  waahed  with  water  tt)  free  it  from  traces  of  alcohoL  The  prodnct  i 
to  96  or  98  per  cent  of  the  theoretical  quantity.  It  ia  remarkable  that  noiw  ( 
proportions  of  the  materials  recommended  for  the  actual  preparation  agree  witli  I 
required  by  the  equation  above  given,  the  theoretical  quantities  bemg  aboot  ffj 
alcohol  to  20  pta.  iodine  and  1  pt.  phosphorus.  In  Hofmaun'a  procesSi,  the  qoaatityof 
phosphorus  used  is  only  i  of  the  alciihoL 

De  Vrtj  (J.  Pharm.  [3]  xxxi.  IGO)  dispenaes  with  the  D»e  of  jihoapliami  ilhi* 
getber;  he  saturates  absolute  alcohol  with  hydrocfilnric  acid  gas  in  a  Teasel  «■^ 
rounded  with  a  freezing  miitnre ;  then,  having  determined  the  proportion  of  hydro- 
chloric acid  in  the  liquid,  adds  this  liquid  to  pulverised  iodide  of  potassium  conlniBrd 
in  a  tubulated  retort,  in  quantity  just  sufficient  to  convert  the  whole  of  the  iodt<1* 
into  chloride  of  potawcium.  The  liquid  ronfainini^  the  iodide  of  ethyl  thti«  prodtjcfd 
is  diatilled  off  next  day.  then  washed  and  rectified.     (See  ADDSirnA,  p.  967.) 

Properties, — Iodide  of  ethyl  Ls  a  colourless  liquid,  having  a  strong,  pecoliar  ethefed 
odonr.  Specific  gravity  19206  at  23°  Q.  (Gay-Lusaac),  1 -97046  at  0»  (Pierrti 
1-9464  at  16°  (Frank fa nd).  It  boilw  at  70°  (Pierre),  with  the  baivmetef  at  751 
mm.  ;  at  72  2*^  (Frunkland),  haromoterat  746"6  mm.  Vapoor-density.  by  experiinetst 
»  fi--176  (Gay-Lussae),  by  cxdculation  (2  vol)  =  5-405.  It  is  but  slightly  saiaUe 
in  water,  but  mixea  readily  with  alcohol  and  ether, 

Drcompf'sitwn. — 1.  Ic^lido  of  ethyl  ia  but  eliKhtly  inflammable;   when 
red-hot  coal.s,  it  gives  off  violet  vnponni  without  tdJciag  fire, — 2.  When  its  Tap  _ 
passed  through  a  porcelain  tube  heated  to  dull  rednetw,  hydrogen,  ethylene,  and  ii 
of  ethylene  are  obtained,  and  sometimea  iodine  ia  set  free  (£.  Kopp)': 

2C«H»I  -  Cn«I»  +  C'H*  +  H«. 

}.  When  czpofled  to  lufht,  it  turns  red  or  brown,  ftom  separation  of  the  iodia«l 
jthyh  the  deeompMJsition  taking  place  slowly  in  diffiiscd  daylight  quickly  in  soi 
If  tlie  iodine  be  removed  by  mercur)->  tho  compound  is  at  length  completely  < 
posed,  yielding,  in  siinahine,  ethyl  and  iodide  of  mercury,  the  former  being  \ 
i-eaolved  into  ethylene  and  hydride  of  ethyl.  In  diffliscd  light,  the  chief  product  of  th* 
decomposition  ia  iodide  of  merenrethyl.  C^IPHr*!. — I.  Chlorine  converts  iodidf 
of  ethyl  into  chloride,  septiratiny^  the  lodiae  if  the  action  is  rapid,  but  forming  ehlondi 
of  iodine  if  it  ia  slower. — 3,  Strnnp  nitric  arid  n\m  separates  iodine  from  iodide  of 
ethyl.  Strong  tulphurie  acid  bkckens  it. — 6.  Aqueous  fotaah  acta  ofjon  it  but  skwrlT. 
— 7.  When  the  vapour  is  pa-<;8ed  over  hot  et?Ja-limt',  pure  ethylene  is  set  trte^  and  iodia* 
of  sodium  is  formed  (Dumas  and  Stas); 

2C»H»I  +  Na'O  =  20^«  +  2NaI  +  H'O. 
8.  Xriah  docompoM  iodide  of  ethyl  under  the  iufiuence  of  hght  or  heat,  with 
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degrees  of  fikdiitjr ;  getienllj  spealdiig,  the  int>tal  utiitra,  portly  with  the  iodlae,  partly 
with  the  «thyl ;  ■oniAtiiaea,  hovevcr,  the  oreaao-metaltic  com[>oand  thou  formed  Acta 
Autbv  oa  tM  meUllie  iodide^  or  on  the  undeoomiKMed  ittdidnt  of  ethyl,  giring  lise  to 
new  nwMTiicti. 

Tks  rMCtioos  with  noc  uid  noc-etbyl  have  been  already  defl4!rib«l  (pp.  524,  0S2), 
3t>dium-etMj/t  acta  in  the  tmiao  manner  as  zinc-ethjl,  without  the  aid  of  iieat,  erolviug 
Apnra  niixtoro  of  ethyleoe  aod  hydride  of  ethyl  (FrankUod): 

C»H»Na    +    C»H*I    -    Nal    +    CH*    +    C^H- 

Iodide  of  ethyl  raclowd  in  a  BeaW  tube,  witi  thin  stripe  of  tin-foil,  and  heat«d  to 
ISC'"  C,  or  exposed  to  the  saa'n  ntys  concentrated  by  a  lean  or  mirror,  ia  partly  de> 
compoM<d,  yielding  ethyl  and  iodide  of  tin,  while  the  reit  unites  with  the  metal,  form- 
ing iodide  of  Btannethyl  ^^C'U»)^n^»  (Fraokland,  Cheni.  Soc.  Qxl  J.  vi.  67). 
AcconViag  to  Cahoura  (Ann.  Ch.  PhyaMS]  Iriii.  6),  iodide  of  trislannet  hyU 
8n"(C*ll'^',  IB  fonnod  at  the  Burae  time.  When  un  ulloy  of  tin  and  sodium  is  used, 
•evenil  other  »tantiid»^  of  ethyl  aw  likewise  proluoorl  (Lowig,  J.  pr.  Ch<-m.  Ixxv,  3S5  , 
Jnhresber.  t  Chem.  1852,  p.  877).  Aramule  of  godium  or  of  ^tojunvm,  hi<iitisj 
with  iodide  of  ethyl,  yields  the  compoands  AMOH*)'.  As(C»H»)«,  aod  Aa(C*H*)«I; 
tmtiamiy  vt  vntimoniif  of  mtdmm  yielda  stibtri  ethyl  Sb(C^»)'.  Anmike  of  sine 
tttmrtemieU  ofcmdmintm.  heated  with  iodide  of  ethyl  in  B<>altHl  tubea, yields  a  componnd 
of*i<)did«  or*  rinc  or  cadmium  with  iodide  of  t^^trethylarsonium,  2A»(C*U*)*I.Zn''I' 
or  2Ae{0*H*)*I.("d''I'.  Phoaphids  of  rxnc  yiolds  a  similar  eompound,  oontaiuiiig  phos- 
phonu  in  phico  of  arsenic.  tHumbide  of  sfidium  yielda  Pb*(CH*)*,  together  with 
•wrenl  otht^r  compounds  (Lowig) ;  hismuthide  fft<jdium  forran  Bi(C'H»)*. 

JlmmnmtHt  hmted  with  iclide  of  ethyl.  >'i«'ld(t  a  faniinp  lit^uid.  which  boila  at  340"- 
36«*  0^  aid  exhibita  the  compf-eition  A1^CH»;»I»  or  A1-1*.A1»(C*H»)«.  Thia  iodide 
dceompoie*  explosively  in  cuntiR't  with  wat^r,  forming  HiumiaM^  hydriodic  acid,  and 
h3rdride  of  elhyl ;  in  an  atmosphere  of  cblorinc*  or  oxj(?po  it  tak«a  fire,  Zinc-«rthyl 
acta  strongly  on  it,  producing  iodide  of  tine,  and  a  very  inflammable  liquid,  which  has 
not  been  obtained  puiv,  but  appears  to  have  the  compoaiticia  uf  aluminiurn'Othyl, 
A1*(C'E»)*.     (Cahours.) 

similar  retiults  have  been  obtuined  by  Haltwache  and  Schafarik  (Ann.  Ch. 
Phiirm.  cxix.  206 ). 

Glut'inum  reaot«  with  iodide  of  ethyl  like  alumioiam,  and  appears  to  form  similar 
products.    (Cahoors.) 

Afiitfnr*iutn,  in  the  form  of  filinn^s.  acts  spontaneooslr  and  with  rise  of  tempemturs 
on  iodide  of  rthyl.  If  the  tulx',  aJR^r  ooohng,  b«  sealed,  and  then  heated  for  some 
hours  to  120° — 130'^  C,  a  whit«  mass  is  formed  which,  when  distilled,  yields  magne- 
siam-ethyi  raixt-d  with  iotlide  of  ethyl  The  miignrtrium-ethyl,*  sepurat^d  by 
fractioQal  distillation,  is  a  CN^lourlcss,  alliaceous,  spontnnrouKly  inflammable  Uquid, 
which  decomposes  water  with  violence.  (Cahours,  loc.  cit.;  see  also  Hailwacha 
and  Schafarik,  /«c.  cit.} 

Pulveiised  t^inadium  acts  sJowlv  on  iodide  of  ethyl  at  180°  C,  forming  a  deep  red 
liquid.     (Hallwacbs  and  Sehufurik.) 

The  action  of  mrrcuri/  on  iodide  of  ethyl  hn«  ht^en  already  described  (pp.  624,  £24). 

9.  When  pulverisetl  wfttte  pncipilntr  fNH  njjt*)Cl,  tritunit<^  with  water,  is  heated 
with  iodide  of  ethyl  for  several  day:*  at  the  tempeniture  of  the  water-bath,  no  gas  is 
evolved,  but  gold-yellow  cr^stul^  are  formed,  com^isting  of  a  compound  of  mercurio 
iodide  with  iwlide  of  tet  rvt  liylammoni  urn  and  iodide  of  mercurotetrethy  1- 
ammonium  ;  these  crystoU  are  surroun^led  by  a  dark  brown  liquid  containing  com- 
pounds of  mercuric  iodide  with  the  iodides  of  ethylammonium,  diethylammo- 
ninm,  and  triethylammonium,  and  on  this  there  floats  a  nearly  oolourleas  aqueous 
oolotiou  containing  mercuric  clJonde,  sjil-amraoQiuc,  and  a  crystailisable  com^iuund  of 
mercuric  chbride  and  chloridu  of  e thy  1 »  m  m  o  n  i  u  m   [ Hg  *^  1  (10] : 

•NH»Hg*Cl   +    UC*H»I   =    [N(CFP)'r.N{C«H'»HK)I.7Hgr|  +    rNn(C'H»)»I.2nKll 
-I-  [N.H\C'H»)='IiigI]  +  [Nll\CH»)CLHgCl]  +  NH'Cl  +  SHCL 

(Sonnenschein,  Ann.  Ch.  Phurm.  ci.  20.) 

10.  Iodide  of  eth^vi  dissolved  in  alcohol  is  decomposed  by  mort  tQver-talta,  in  the 
■ame  manner  as  the  iodides  of  the  alkali-metals,  iodide  of  t<ilvcr  being  prti<:ipit<ite4|, 
and  the  solution  containing  the  ethyl-salt  of  the  acid  previously  united  with  the  silver. 
A  aimiiar  decomtio»ition  lUJces  place,  and  with  greater  facility,  when  a  silver-salt  is 
heated  with  dry  iodide  of  ethyl  in  a  sealed  tube.  This  is  a  very  convenient  way  of 
preparing  many  compound  etJicrs :  thus  orlhophotphate,  pyrophosphate,  aiUphate,  »ul* 
phide,cyanidt,  and  su/ph^yanatr  iif  rilrrr,  heated  in  scaled  tubes  with  ioilide  of  ethyl, 
yield  the  corresponding  otbyl-otheis.  Acoording  to  Oossmaun  (Ann.  Ch.  Phami.  ci. 
^IS)  tungatate  of  silver  and  iodide  of  ethyl^  endMed  together  in  •  setded  tube,  act  upou 
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etic!)  other  strongly  at  ordinary  temperature*,  evolving  grent  beat,  forniing  »odi<le  of 
silver  lUid  oiiiie  of  eth^l,  and  Hbenitiiii^  tuncntic  aiiliyiirid©.  Ae^wrlinp  to  H.  H. 
Nason  (Ann,  Ch.  PhtirnL  civ.  126)  iodide  of  ethyl  acta  in  a  precisely  similar  manotr, 
but  with  Tarioius  degrees  of  facility,  on  nio/t/bdatr,  aratnitr,  artfiiaU,  antimonatf^ 
stannatf,  ttorat ,  and  tillnrat*  of  silver.  With  neatrai  or  acid  chromatt  of  stlTcr.  it 
yichU  a  BmiiU  quiintity  of  iddehyde. 

The  cr/anidei  of  potaMinm  and  ftariitm,  lieated  with  iodide  of  ethyl  in  settled  tabes, 
yield  an  iotlide  of  tno  met:d  and  cynnide  of  ethyl ;  cyanide  of  rinc  does  not  appemr  to 
ai-t  upon  it  at  140" — 1 60"^  C.  Ct/anide  of  mfreurp  and  iodide  of  ethyl  decompose 
ejich  othcirto  a  sliyht  extent,  even  whi-n  thoir  alcoholic  solutions  are  simply  mixed  and 
svafiorated ;  in  sealt^i  tubes  at  1*20^  C.  the  decomposition  is  more  e«)mplBt*.  The 
fiKtallic  gulfhictjanatrt,  heated  with  iodide  of  ethyl  in  sealed  tabes  to  100^ — 160^,  yieJd 
sulphocyanate  of  ethyl;  tulnhtnyfanitte  of  mcrcurn  prodaces  a  more  complicated  n- 
Ai'tion,  the  products  of  which  have  not  been  examined.  The  Ofi'taUs  of  potastium, 
barium,  had,  vitrcttrif,  and  ailvr,  hnatcd  to  200^  C.  with  iodide  of  ethyl  in  sealed  tubn^ 
yitild  metallic  iodide  and  acetate  of  ethyl.  With  the  formatfa,  the  decompoiritLon  is 
less  easy ;  but  it  is  fuinlititted  by  the  prwst>nce  of  a  pertain  quantity  of  alcohol.  The 
oxalate*  are  dwompo»ed  iu  like  manner,  hnt  the  resnlting  oxalate  of  ethyl  is  decom- 
posed at  the  hijfh  temfmratore  of  the  reaction,  yielding  carbonic  oxide  and  carbonic 
Mtiliytlridt',  which  burst  the  tubes  when  they  are  opened,  with  a  loud  detonataoa. 
(Schlttgdeohttuffen.  Ann.  Ch.  Pharm-  cvii.  234  ;  ex.  256.) 

11.  A  mixture  of  2  pts.  iodide  of  ethyl  and  1  pt.  di»idphid«  ofcarboft,  shaken  op  io 
a  corked  flaxk  with  sodium-amalgam,  yields,  as  principal  product,  s  foetid  liquid  hsiriag 
the  eomposifion  of  trisulphide  of  allyl  (C*II»)=S".  This  liquid  has  a  spedfle 
gravity  of  "ItH 2  at  15°  C. ;  boiU  at  188°  C;  is  insoluble  in  water;  mixes  in  allpmper^ 
tions  with  alcohol,  ether,  and  disnlphide  of  carten ;  is  decomposed  with  Tiolence  hr 
furniii{;  nitric  ueid,  chlorine,  bromine,  and  hypochlorite  of  calciam  ;  is  not  decompeerd 
by  sodium,  potivh,  alkidine  sulpliides,  or  mercuric  oxide,  but  yields  with  aloobolie 
mercuric  chloride,  a  white  precipituta  having  the  composition  I2HgCL  (C*H*)'S'. 

12.  Iodide  of  ethyl,  heated  with  aliy>h/>lic  amtnonia  in  such  a  manner  that  tb« 
ToUitiliaed  portions  may  condense  and  nm  back  again,  yields  a  mixture  of  the  iodides 
of  amniuninm,  and  of  ethyl-,  diethyl-,  tricthyl-,  and  tetrethyl-ammonium  (Welttien, 
Ann.  Ch.  Pharm.  Ixxxvi.  202).  With  trirthiflamtiw  it  solidifies  to  a  crystalline  mam 
of  iodide  ot'  tetrethylammomum  ;  and  with  triamines  in  general  it  forms  the  iodide  of  an 
snimoDiiini  ctint4tining  ethyl,  in  addition  to  the  radicles  of  the  ttiamineL  (Hofmson.) 

B¥B?£i  HXTftZOBS  07.    See  ErmxAicana. 
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Eiher,  Ethylie  ether,  Vtnie  etier ; 


formerly  called  Sulphuric  rth*r.  Phosphoric  f/A<T,  &c.,  according  to  the  acid  used  in  its 
pMparH.tion.   (Gm.  viii.  17- — Gerb.  ii,  270. — Kekul^,  Lehrb.  der  pry,  CArwiV.p.  100.1 

Valerius  Cordius,  in  1610.  first  described  the  preparation  of  ether,  which  he 
eaUed  Ohnm  vitridi ditlcf.  F  ro be n  i a 8,  who  first  called  it  tthr,  again  directed  atteo- 
tioD  to  it  in  1730.  Afterwards  the  ether  prepared  by  the  action  of  sulphuric  acid 
upon  ah'ohol  was  called  »uypA«ric  Hher;  but  Valentin  Rose  (Scher.  J.  iv.  253^ 
showed  that  it  does  not  contain  sulphur.  Fourcroy  suggested  that  ether  is  alcohcJ 
deprived  nf  a  certain  portion  of  oxygen,  and  hydrogen ;  a  suggestion  which  was  coo- 
firmed,  HO  fur  as  regards  the  percentage  composition,  by  the  analyses  made  by  S  aUB»ur? 
and  by  Bumas  and  Boullay  (Ana.  Ch.  Phys. ixxvi.  291). — Boullay  diacorertd 
the  preparation  of  ether  by  phosphoric  acid  (Ann,  Chim.  Ixii.  192),  and  by  arsenic 
acid  (tAj'rf.  Ixxviii.  284);  he  likewise  first  practised  the  preparation  of  ether  by  tLe 
continuous  process  (J.  Phitrm.  i.  97). — Desfosses  prepared  it  with  fluoride  of  borno 
(Ann.  Ch.  Puts.  [2J  ivi.  72);  Masson  with  chloride  of  atinc;  Knhlmann  witj)  teSn- 
chlnride  of  tin^  and  other  metallic  chlorides.  The  constitution  of  ether  wss  ftuthtt 
studied  by  Liebig  (Ann,  Ch.  Pharra.  ii.  1 ;  xxi.  laS). — Malaga  ti  (Ann.  Ch.  Pip. 
m  Ixx.  33S;  [Z\  xri  5),  and  Ke^nault  {ibid.  [2]  Ixxi.  352),  investigated  the  pn- 
ducta  of  its  deoompoeitioa  by  chlorine.  0  rah  am  in  1850  (Chem.  Soc.  Qu.  J.  iit.  241 
made  somn  important  experiments  on  the  formation  of  ether  by  the  action  of  acids  tad 
salts  on  alcohol  tinder  pressure;  and  Williamson  in  the  same  and  the  following  jat 
(Phil.  Mfig.  [3]  isxvii.  350;  Chem.  Soc.  Qu.  J.  iv.  106)  established  the  views  of  Ikn 
constitution  and  formation  of  ether  now  nnirersoUy  adopted.  Lastly,  Reynofom 
1856  published  an  elaborate  scries  of  invpjitigations  on  the  etberifiaition  of  ^cobol  by 
acids,  salts.  &C;  (Ann.  Ch.  Phys.  [3]  xlriii.  385.) 

ForiTUttion, — I.  By  \\w  nftion  of  iodide  (bromide  or  chloride)  of  ethjl  on  ethyUl* 
of  potassium  or  tjodiuni.     (Williamson.) 
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2.  67  h«atin|;  m  mixture  of  olt^uliol  and  iitroDg  solphuric  acid  to  a  l^tnperatare  le- 
tw«N?n  U0»  and  150^  C.  (^alioul  280'  to  300o  F.).  Tin-  formation  of  *thep  iurt  take* 
ftimcf  b;  two  stages  ;  the  flnt  cunHLMting  in  tiie  formatlou  of  etbylaulpbmne  acid  and 
water: 


Sulphuric 
*cl(L 


H 

AlOiho'L 


C^» 


SO' 


0-      HI 

Pihyl- 
*til|'liurlc  Mil. 


O: 


th*  apcond  tn  tJic  prodoctios  of  ether,  and  repro<luftion  of  milphuric  acid,  t^  the 
mutual  acliou  of  cttiylsulphuhc  acid  and  another  tnolecule  of  alcohol : 


C»H» 
H 


0  + 


jso.  -  m^o* 


0. 


The  iiilphurie  aoid  being  thus  peprvxluced  in  itii  ori^iml  »tate.  in  w*dj  t-o  etherify 
6«sh  quantitiM  of  alcohol,  so  that,  if  the  nupply  of  aJcohol  is  madt>  coutinuoua,  tlw 
MtiCM  gOM  OD  without  iiitc>rniption.  Th«  water  formed  in  the  flrat  stage  of  the  reaction 
doM  not,  however,  flistil  over  quite  ao  fiist  as  it  is  formed,  and  eoosequently  the 
aulphoric  acid  becomes  coatinnaUy  more  dilute,  and  at  last  too  weak  to  ethehfy  the 
■IroboL 

The  action  of  photjphoric  ftod  of  arMnic  acid  is  similar  to  that  of  sulphuric  acid. 

The  formiition  of  t'lher  by  the  action  of  these  and  Other  dehydrating  i»fub»tano«*9  waa 
formerly  attributed  to  the  simple  ubotraction  of  water,  ether  being  repreaented  by  the 
formula  0*11*0,  and  alcohol  by  C^iP'CF  or  CIPO.HO  ;  but  (he  manner  in  which  the 
reaction  takps  plaM',  and  its  relation  to  other  reactions  id  which  ethylic  ether  or 
unalogoofl  products  are  formed,  dearly  show  that  thiM  is  not  the  right  view  of  it.  In 
Lhe>ir«^  place,  during  the  whole  of  the  diatillation,  ether  and  water  go  off  together,  the 
quantity  of  water  thuH  evolved  beiug  nearly  equal  to  the  whole  of  that  which,  accord- 
ing to  the  old  view  of  the  reHction,  should  be  separated  &om  the  aleobol  and  taken  ap 
by  the  sulphuric  acid.  Sto^ndly,  eihyl-tvlphnnc  acid  is  always  formed  00  heating 
togather  alculiol  and  milphurie  iici'i ;  nnd  etiiyl-sulphiiric  acid,  heated  with  olrohoL, 
does  ■etualiy  give  off  ether.  Thirdly,  if,  in  the  first  mode  of  formation,  the  ethylate 
of  potassium  lie  mixed  with  iodide  of  methyl  or  amyl  instead  of  iodide  of  ethyl,  the 

protluct  is  un  int+Trnediate  ether,  ("juj  [  <^  or  (ijun  [  O  ;  or  if,  in  the  second,  a  stream  of 
ethylie  alcohol  be  made  to  flow  into  a  heated  mixture  of  sulphuric  acid  and  amylie 
alcohol. ethyl-amylic  ether,  ^jjjj,  10,  distils  over,  and  ethyl-sulphuric  acid  remains  in 
the  rrssel.  These  reactinns  are  precisely  analogous  to  those  by  which  oxide  of  ethyl 
is  produced,  and  show  that  this  compound  differs  from  the  double  ethers,  c*H"l*^' 
for  example,  only  in  c^mtaining  2  at.  ethyl  instead  of  1  at.  ethyl  and  1  at  uniyL 
FfturtAlff,  the  TiHwur-densitiea  of  alcohol  and  ether  show  that  11  ijivtn  voliiroo  of  ethep 
in  the  state  of  Tttpour  contains  twice  as  much  ethyl  as  the  same  volume  of  alcohol- 
vapour,  and  thert-fore,  according  to  the  general  law  of  Tajxinr- volumes,  the  molecule 
of  ether  must  be  (C=fl*)'0,  if  that  of  alcohol  is  C'H^.H.O.  Fi/thfi/,  if  the  simple  and 
double  ethers  are  represented  by  corresponding  (2-volumc)  formulie,  their  funuulio 
constitute  an  ascending  series,  comwponding  very  nearly  with  their  difference*  of  boil- 
ing point ;  thus : 

Boillnir  fiolnt. 


CH'.cnio 

CH^.C^H^.O 
C'H».C«H».0 
CH«.OH"0 

C'H\C'H".0 

C*Ii*.C'H».0 

C*H".C*H*'.0 


'C. 


Methylic  ether  CH«0  ^ 

Methvl-cfhylic  ether    C*H»0  - 

Ethylic  ether  C«H'«0  =■ 

M«thyl-amvlic  ether    C*H'*0  = 

Ethvl-tetr/Hc  ether     C«H"0  » 

Eth>l-amy lie  ether      C'll'-O  . 

TetrvHc  ether  C»H'»0  ■■ 

Amy'lic  ether  C"H"0  - 

If  tlie  simple  ethers  are  represented  by  nne-volame  formntie,  and  the  double  ethen 
by  two-volume  fflrmulae,  this  p^radation  no  longer  exi»1a.  Sisiklt/,  when  bromide  of 
ethyl  is  heatwl  with  an  alcoholic  solution  of  pf>t«Kh,  the  products  forme«i  are  bromide 
of  pntossium  and  ether.  Now,  if  the  ether  were  C*H*0,  the  reaction  mu-st  take  place 
according  to  the  equation  :  CH^Br  +  KO  —  CjW*0+  KSr,  the  alcohol  acting  merely 
as  a  solvent ;  whereas  if  ether  ia  {C*II*fO'  or  (C«H*)H>,  the  alcohol  roust  take  part  in 
the  reaction,  in  the  manner  shown  by  the  equation  : 

Ko\  "  ^^'^  ^  c*if»a( 


C^Br  + 
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Now  Bert  hi' lot  found  (Ann.  Ch.  Plmrra.  xcii.  1311  that  22  grma.  of  bmmidctif 
ethyl  iJius  treutt'd  yirldwi  12  grmn.  of  ethT,  the  theoretical  quaiUlly  beiim  7  5  tecord- 
iiig  to  the  first  supposition,  and  15  ncconling  to  the  eecoiid.  Hetict^  ttlJowing  tat  iuh 
a\  i>i«lable  loss  in  rectiiying  the  pmdnct,  the  result  may  be  taken  «**  a  prf-»of  that  th» 
alcohol  reacts  in  the  m&nner  shovrn  l)y  thf*  second  of  the  above  et|Uutionp,  and  that  the 
niolwule  of  other  coatams  2  at.  ethyL  (See  the  orticlea  Ai^ooHOi^  i.  76 ;  and  Co 
Affixity,  i.  867.) 

Ethf>r  is  abjo  produced  by  the  following  reactions:  — 

3.  By  the  actioii  of  iodide  (bromide  or  chloride)  of  ethyl  on  dry  oxide  of  silTtt: 

2CH*I  +  Ag»0  =  2AgI  +  (CrH»)»0. 


Other  ethyl-Bftlta— the  nitrate  for  example — net  in  a  airailar  manner. 

4.  By  heating  alcohol  with  bromide  or  iodide  of  ethyl  to  200°  C.     (Reynosa) 

CH*Br  +  C*H*.H.O  =  HBr  +  (C*H»)*0. 

5.  By  heating  bromide  or  iotiide  of  ethyl  with  water  to  160* — 200°  C.  (Frtnk 
land,  Beynoso).     In  this  case,  alcohol  ia  first  formed,  according  to  the  eqaittioa : 

C«H»Br  +  H»0  =  HBr  +  C»H».n.O ; 

and  this  alcohol,  actiug  on  the  excess  of  iodide  or  bromide  of  ethyl,  forais  acher,  n 
in  4. 

6.  By  heating  alcohol  to  200° — 240°  C.  with  hydrochloric,  hydrobromic.  or  hydri- 
odic  and.  Chloride,  bromide,  or  iodide  of  ethyl  is  then  formed,  whidi  acts  upon  thn 
remaining  alcohol  aa  in  4,  converting  it  into  ether. 

7.  The  same  action  iii  exerted  by  metallic  chlorides,  wlien  distilled  with  alcohol,  dc 
better,  when  heated  with  it  in  sealed  tubes,  t,  p.  by  cliloride  of  zinc,  tetraehlenda  of 
(in,  the  chlorides  of  manganese,  cjbult>  uiekel,  and  cadmium,  fezTO>as  ehloride,  mtraatit 
chloride,  A:c.  (Reynoso.)  Even  chlnridt^  of  cnlcium  and  chloride*  of  slmaCiiifli 
cnnvert  alcohol  into  ether,  when  heated  with  it  to  300°  C.  (Berthelot^  Ann.  Ok 
Pharm.  IxxxiiL  104.) 

The  etherifying  actions  of  iodide  of  mercury  (Reynoso),  of  flaoride  of  borini,  sad 
of  fluoride  of  Bilictnm,  belong  to  the  same  category. 

8.  Many  sulphates  also  convt- rt  alcohol  into  etiier  when  heated  with  it  to  20CP— 
230*  C,  elhylsulphuric  ucid  bring  first  formed,  and  then  producing  ether  with  tbe 
rest  of  the  alcohol;  etherification  is  thus  effected  by  the  sulfhates  of  magnesnm,  xiae, 
and  ftidmium,  by  femms,  cobaltous,  and  uruiiic  sulphrtte,  aU>  by  sulphate  of  alnmininn, 
common  alum,  ammoniu-,  iron-,  and  chrome-alum.     (Reynoso.) 

Pnparntinn. — Ether  i.<i  always  prepariTl  hj  Iif-Hting  a  mixture  of  al(v>ho]  aad  »nl- 
phtirie  acid.  The  best  mode  of  conducting  the  operation  is  that  iutro«ltK?«l  bv 
Boullay.  in  which  the  alcohol  i.«>  supplied  in  aconstmit  stream  .ind  the  formation  of  ethrf 
I  goes  on  unintermptedty  ( p.  537).  A  mixture  of  5  pta.  alcohol  of  90%,  and  9  pt*.  rtrong 
I  iralphuric  arid  is  inlrodmcad,  nfter  cooling',  into  a  wide-momhed  flask  closed  with  a  cwk 
having  three  a|>f rturt^,  thn*iijrh  one  of  which  there  jiaf^tes  a  bout  tube  proceeding  iam 
a  reservoir  of  iik-ohol,  niid  U^rrninntiiig  in  a  narrow  mouth  below  the  surface  of  llw> liquid 
in  the  flask  ;  the  reservoir  i*  provide(ii  with  a  stop-cock  to  regulate  tlie  flow  of  sptlit. 
Through  the  second  aperture  is  inserted  another  bent  tnbe,  terminating  just  brl^^  the 
Cfirk,  and  p«.s«inf;  to  a  Lifbig's  condi-nser  or  a  worm-tub  connected  with  a  reoetviT. 
The  third  aprlure  ia  for  the  in.'iertion  of  a  thermometer.  The  flask  is  heated  in  a 
fland-huth,  and  as  soon  as  it  begins  to  Ixjil,  the  uleohol  from  the  ivservoir  ia  aUow«d  U> 
flow  in,  the  stream  being  regulated  so  as  to  keep  the  temperature  of  the  liquid  at  about 
140°  C.  (284  F.)  ;  below  this  temperatnrp,  the  distillafe  consists  ehii-tly  of  aloohoJ, and 
at  higher  temppratures  large  quantities  of  oleflant  gns  are  evulveiL  The  ppoew  nsr 
he  continu«xi  till  thf  quantity  of  alcohol  mn  in  amounts  to  about  six  tiroes  that  which 
was  oripniJly  mixed  with  the  sulphuric  add,  making  in  all  35  pts,  aJoohol  to  9  pu. 
arid.  After  this  the  sulphurifi  iicid  becomes  too  dilute  to  etherify  the  alc^>h.>l  effrc- 
tually.  The  nleohol  which  remains  mixeti  with  the  sulphuric  acid  at  the  end  nf  iht 
process,  may  be  rH<TivrTMl  by  mixing  the  Hqnid  with  water  and  distilliag.  On  the  hrp» 
scale,  a  still  wf  caHtriron  liued  with  lend  is  generally  used  ;  it  has,  however,  the  dij$aJ- 
mntageof  not  allowing  the  course  of  the  operalifm  to  l>e  watched.  To  moderate  the 
great  heat  evolved  on  mixing  Lirgc  quantities  of  tdcohol  and  sulphuric  acid,  the  mixtsr* 
IS  made  in  a  nielullic  vessel  surrounded  with  cold  water  or  ice,  and  the  gulphoric  ooJ 
is  poured  down  tlio  side,  so  that  it  may  form  a  Inyf  r  below  the  alcohol.  The  two 
liqaids  are  then  slowly  mixed  by  stirring  with  a  wooden  spatula,  and  the  mixture 
when  Huffidcntly  cfx>l,  is  tninsferrtd  to  the  stilL  The  distillation  is  conducted  in  the 
manner  abtiTe  deacribed. 

The  first  portions  of  the  distilLite  separat«  spontanoously  into  two  layersi,  the  upp<t 
consisting  of  ether,  mixed  with  companttively  small  (lUiiutities  of  alcohol  and  w»t«i 
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Hie  lower  of  «iiUt, containing  eth<T  and  alcohol  in  solution ;  but  towards  the  LttterpMt 
of  tli«  dislilUtinn.  wh«'n  rhe  svlpharic  Hcid  baa  become  weaker,  more  alcohol  puaaea 
ovrr  uiiclmnged,  and  the  separation  of  the  etlter  no  longer  takes  place.  Tlu>  dtatillato 
aliu)  contains  anlpharoufl  acid,  acetic  acid,  and  a  little  oil  of  wine.  To  purifj-  lU  tlwr 
«iii»lc  of  the  diatillat«  is  introdiicefl,  together  with  an  eqoal  Tolame  of  milk  of  lime, 
into  a  hkrgfl  aepamting  globe,  having  a  dettcending  tub«  and  stopcock  like  a  tap-fiuinel; 
the  mixiare  is  freqauntly  agitated,  and  then  left  to  ittH'lf  till  the  ether  hatt  rinen  to  the 
topv  after  which  the  litne-aolution  is  ran  off  by  the  utopcock,  and  the  ether  which 
remains  is  rectified  over  a  wuter-bath.  Nearly  par>?  ether,  amountiog  to  one-third  of 
the  crude  ether  in  the  retort^  then  passes  over  first ;  aflerwudi  ether  oontainiog  aW 
oohol ;  then  alcohol  containing  oil  of  wine ;  and  laally  water. 

The  rectified  ether  still  retains  n  little  water  and  alcohol;  bat  it  is  pure  enongh  for 
moat  uorposes  ;  it  should,  however^  bo  quite  free  from  Bulphorooa  adcl,  and  therefore 
ahoola  not  redden  litmus  p;iper.  IDO  pta.  alcohol  contAiniiig  86  pta.  by  weight  of 
•baolnte  alcohol  (after  deducting  that  which  remains  in  the  flask)  yield,  in  a  well  con- 
ducted pn>oeea,69  or  60  pts.  by  weight  of  ether,  of  specific  grarity  6-726,  or  70  Vf,  of 
the  (abmlnte)  alcohol  ased.  If  the  whole  of  the  alcohol  were  converted  into  ether, 
the  yield  would  be  80  per  cent. 

8oubeiran  (J.  Pharm.  [3]  xtL  321)  deambes  cui  apparatna  for  the  preparation 
of  ether  on  the  large  scale,  by  which  the  ether  is  at  once  obtiuned  in  the  rectified 
atat«,  the  first  comienKing  vpsaelM  bt?ing  kept  (as  in  the  more  recently  invented  iippa- 
ratua  for  the  distillation  of  brandy)  at  a  sufficiently  high  temperature  to  maintain  tiie 
pore  ether  in  the  state  of  vapour.  He  recommends  tliut  the  temperatnm  cf  the  ctheri- 
tying  miztore  be  kept  constantly  at  ISOOC,  be<-auj*o  at  1 40'^  a  gasaoos  hydnxuirbon  ia 
constantly  produced.  An  apparatos  for  the  rectification  of  ether  has  also  been  de- 
8cnl>ed  by  Hover  (Arch.  Phiimi.  [2]  xiii.  140). 

The  ordinarv  fther,  oht.Hined  as  above,  may  be  corapl»^tely  freed  from  water  aiid 
nkN)hol,  and  coj)verte<l  into  absolute  ether,  either  by  pln>ing  it  in  coiitnct  vith 
lamps  of  ftised  chloride  of  culciom,  which  takes  up  the  water  and  alcohol,  und  sopnrufea 
tVrtni  the  ether  in  the  form  of  a  thick  heavy  liquid,  or  by  agitating  it  repeatedly  with 
a  pts.  of  water,  separating  the  upper  layer  of  Uquid  by  a  pipette  or  tap-funnel,  tliea 
leaving  it  for  soma  time  in  oontaet  with  quick-lime  or  chloride  of  calcium,  and 
rectifying. 

Absolute  ether  should  form  a  dear  mijcture  in  all  proportions  with  oil  of  copiiiba  ; 
ether  containing  water  or  alcohol  furms  an  emulaion  with  considerable  quuntities  of 
the  oiL    (lilanchet,  Aud.  CL  Pharm.  viL  167-) 

Propertirt. — Pure  ether  is  a  colourlctis,  trnnsparont,  verj-  mobile  Uquiil,  having  a 
peculiar  exhilanvUng  odour  and  shai-p,  burning  taste,  with  cooling  rtfti.<r-laste.  It  la 
perfectly  neot nil  to  vegetuhle  ixjiours;  refracts  iiglit  strongly.  8|)edtic  gravity  OT'ill 
at  12'6<»  C.  Boiling  point  356°  C.  (96°  F.)  under  a  preasure  of  760  nun  Vapuur- 
density  2'fi86  (Oay-LuBsac);  by  calculation  for  the  formula  (C*H*)*0,  rppresentiiig 

a  condensation  to  2  volumes,  it  is  2'564  (=    — ^ — ^r^ x  00693).  Cooled 

z 

to  —  Sl^'C.  it  crystaUIses  in   white  tihimng  laminie.      It  is  very  inBtvmmable,  and  ita 

vapour,  when  mixed  with  air,  detonatpa  with  gr«>at  violence  on  the  approach  of  a 

burning  body.     As  the  vnpour  of  ether  bus  a  conoiderable  tetiniun  at  ordinary  tempe- 

mtures,  aud  consequently  diflhsea  quickly  to  a  coniNidfruble  distance,  great  danger  is 

incurred  in  pouring  the  liquid  from  ono  veasel  to  another,  in  tlie  neigh boOThood  of  • 

gaa^tight  or  any  burning  b«idy.     The  decantation  of  any  considerable  quantity  of  ether 

should  always  be  performed  iiQ  a  room  where  there  arc  no  lights  burning. 

Ether  mixes  in   all  proportions  with   aictyfuJ,  w<.*od -spirit,  c/tlyrvform^  acftonf,  and 

many  other  liquids,  and  to  a  certain  extent  al-^o  with  ti^ntrr.     When  ether  is  shaken  np 

with  W4ter,  two  layers  are  formed,  the  upper  conaisling  of  ether  containing  a  little 

water,  and  the  lower  of  water  which  has  dL-isulved  .^  of  ether.     Ether  dissolves  M>rf»7W 

and  brtnainr,  and  small  quuntities  of  enlphur  and  pho*phuTVif ;  also  chttrridr  n/  ffn/ri, 

ehloridt  of  iron,  tMTcuric  chloride,  and  mercuric  nitrate.     It  dis^mlves  with  facility 

most  organic  bodies  containing  a  large  proportion  of  hydrogen,  »uch  aafat*  and  retitui, 

which  are  but  Mpuringly  dissolved  by  alcohol,  whereas  it  acts  but  little  on  those  which 

are  eaf^ily  «otiiVi|ii  iii  alcohol. 

Ether  uni'i's  directly  with  trtrachJoride  of  tin,  forming  theeonponnd  2C*ir"*0.SnCl\ 

vhioh  erj'statlises  in  shining  rhomlvii'did  plates,  volatile  without  decomposition,  di^ 

''phriug  e'aaily  in  excess  of  ether,  an<l  decomposing  iu  contact  with  water. 

i  l}rcompoaition.B.—l.  By  Hrat.     Ether-vapour,  pasted  through  a  red-hot  tube,  yields 

Nearly  thf  same  products" .<m  alcohol,  vit,  oleHaut  pjw,  wirbonic  oxide,  water,  aldi-hyde, 

&c.— 2.   By  Conthustinn.     When  cthnr  Ihi'tih  mpidly  in  tlifiiiror  in  oxypen  pa.**,  it   ia 

ct«npletely  converted  into  water  and  carbonic  auhydride;  but   when  etln'r-vapom 

mixtHl  with  air  comes  in  contact  withpktinuw-black,  slightly  heated  platiuum-apoo^. 
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or  other  brKlitw  heated  not  quite  to  retJnew,  it  nnderpoes  a  riow  and  imperfect  ww- 
bustion,  like  alcohol  atider  »imi]ar  circttnwtAiices,  yielding  Turiousprodacta  of  oxidation, 
Tiz.  iiMphy^lf,  acetic  acid,  formic  a^eitl,  earboaic  acid,  wa»*r,  and  a  peeuljar  rolatiU, 
pungent  substanw,  which  has  been  callei!  ac-tit/lom,  aldihi/tlic,  or  lampie  acid.,  bat  haa 
I  uiit  boon  isiilated:  it  is  probably  only  a  mixture  of  the  product*  jast  mentionrd  (««^ 
AcKTTi.ous  Aciu,  i.  36;  Alcohol,  L  74  ;  Combustiom,  i.  1093).  Ether  exposed  to  th* 
nir  ill  contHct  with  potash  yields  a  small  quuntiiy  uf  acetate  of  potu^t^ium. — 3.  £U)rr 
tnixed  with  strong  aitlphuric  acid  and  lientenl  to  12^^  C.  do*«  not  gix'e  off  any  gas,  and 
if  water  be  then  added,  a  solnlion  is  formi«d  ctiDfaining  nothing  but  ethylHralpharie 
acid.  If,  on  the  other  hand,  the  lieut  be  raised  aljove  I'iO^'C.  the  liquid  lieginK  lohoii 
at  130^  and  at  laO'-'  given  ofl* sulphurous  anhydride;  at  180°  it  is  in  full  ebuUition, 
givea  off  oil  of  wino  impn-gtiated  with  eulpJmtXfUii  acid,  and  blackens  oooMidfjMr ;  tbo 
rr-stdue  containn  i«ethiouic  and  cthionic  uc-idft.  — 4.  Ether  i»  decompoaed  by  heatad 
nitric  ac/d,  yiidding  earbonic  anhydride,  acetic  acid,  and  oxalic  acid. — 5.  Ck/wic 
and  bromic  acid»  likewise  oxidise  it  rapidly,  acetic  acid  typing  formed,  and  chlorine  or 
bromine  evolred. — 8.  With  hydrochloric  acid  got  it  forms  chloride  of  ethyL— 7-  Dry 
chlorivr  passed  into  anhydrous  ether,  forms  three  nubstitution  prodocta.  CH'Cl'C*. 
C'H^Cl'O,  and  C'C1"0,  Wsidca  aldehyde,  chloral,  chloride  of  ethyl,  and  hydrochloric 
add.  If  water  is  present,  acetic  acid  and  other  prodacts  of  oxidation  are  formed. — 
8.  Bromine  appears  to  act  upon  ether  like  chlorine.  The  red  solution  of  bromiue  in  ether 
becnmes  colouriess  after  a  few  daya,  with  formation  of  hydrobromic  acid,  bromide  of 
ethyl,  bromal.  and  other  prodncta,  forming  topelher  a  mixture  analogous  to  heavy  hy- 
drocldoric  ether  (p.  632).  With  cMoridr  of  bromine,  ether  yield*  hydrochloric  acid 
and  an  organic  compound  rich  in  bromine. — 9.  Iodine  acts  but  slightly  upon  ether. 
CM^/ridt  of  iodint  forma  hydrocMoric  acid,  the  iodine  diesolving  in  the  ether.— 
10.  Phoaphorut  conrerta  etber  into  several  phoaphorified  acids,  which  have  not  been 
accurately  stndied. — 11.  Potassium  and  sodium  slowly  decompose  ether,  eliminat- 
ing hydrogen  (Th Ana rd.)  [Was  the  ether  quite  free  from  water  and  alcohol?] — 
12.  When  pther-rapoar  is  passed  orer  heated ^fa«A-  or  Boda4ime,  hydrogen  and  manb- 
gas  are  given  off,  and  an  nikaline  carbonate  is  formed.  — -  13.  Ether  decorapoaes  many 
mritdJic  chloridfs,  abstracting  the  chlorine,  and  yielding  products  which  are  probably 
the  same  as  those  produced  by  the  action  of  free  chlorine  on  ether.  S'gquichljjnd*  of 
iron  is  decolorised  and  reduf-ed  to  protochloride,  with  form.itioii  of  hydroehlorie  add ; 
cupric  chloridf  to  cuprous  chloride  ;  mcreuric  ehJoridi'  to  menurous  chloride, 
predpitat«d ;  from  chloride  of  gold,  in  sonahine,  met^Jlic  gold  is  deposited. 
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Anliydroufl  ether  treutcd  with  chiorine  yields  three  frabstitution-products,  containioff 
1,  2,  and  4  at,  chlorine  in  place  of  hydrogen,  according  to  the  manner  and  duration  of 
the  action.  The*e  compounds  have  been  inventigated  chiefly  by  Regnault  (Ann. 
Ch.  Phys.  [2]  Ixxi.  39'i),  Malaguti  {ifnd.  [2]  Ixx.  338;  [s/xvi.  6  and  19).  and 
Lieben  (Ann.  Ch.  Pharm.  cxi.  121). 

Monochlortthylic   Ether,    C*H"C1*0  =  ^'^^^ J  0.— This  compound,  originally 

called  chlorriheraf,  was  discovered  in  183"  by  D'  Arcet  (Ann,  Ch.  Pharm.  ixriii  82\ 
who  obtained  it  by  the  action  of  chlorine  on  oleflant  gas.  Begnault,  however,  sug- 
ceated  that  its  pro<luction  waa  due  to  the  presence  of  ether-vapour  in  the  ga« ;  oad 
Lieben  has  since  shown  that  the  same  compound  is  the  chief  product  of  the  actios 
of  chlorine  on  ether  at  temperatures  not  exceeding  20^— SO^C.  It  is  a  very  mobile, 
limpid,  colourless  liquid,  having  a  «weei ,  ettiereal  odour,  and  boiling  between  140°  and 
147".  Vapour-density  =  4-93.  Water  decomposes  it,  yielding  a  substance  wliicli 
B{«|M>ar»  to  he  isomeric  with  aldehyde  or  acetate  of  ethyL  With  potatth  it  yields  al- 
cohol and  acetic  add : 

C*H»a»0  +  SKHO  -  C'H«0  +  CIPKO*  +  2KCI  +  H«0. 

Dtchlorrthsffic  Ether,  C^H'CYO  -  ^^^^ j O.  —  Discovered  by  Halaguti  ia 

1839.  Produced  when  pure  ether  is  saturated  with  chlorine  in  diflRmwl  d.aylight.  th« 
liquid  being  cooled  at  first,  and  afterwards  heated  to  lOO*'  C.  A  lui^  quantity  ol 
hydrochloric  acid  is  formed  in  the  reaotion,  together  with  chloride  of  ethyl  and  chloral; 
the  hydrochloric  acid,  acting  on  the  ether,  forms  chloride  of  ethyl  and  wntcr,  and  the 
chlorine,  in  presence  of  the  water^  exerts  an  oxidising  action,  resulting  in  the  tbnnatioa 
of  chloruL 

Dichlorethylic  ether  is  a  limpid  liquid,  of  speciflo  grarity  1*5008,  having  an  odoor 
tike  that  of  fenneh     It  ia  decomposed  by  heat,  even  below  ita  boiling  point,  with  eviy 
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lotion  of  hydrochloric  Mcid     It  u  slowlv  docoinpo«f>d  by  tettter  uid  by  ftiueooa  potasAt 
quickly  by  alcoholic  potaoh,  yielding  chLrid«  atnl  acelute  of  poUnium : 

eH«Cl«0  +  6KnO  =  2C*H»K0«  -^  4KCL  +  3HK>. 

pDt«Mtium  dwomposea  it  at  a  ecntlc  beat,  fbnnin^  a  cfalorid«  of  potaMnum,  and 
«liinuialing  a  giw,  which  burns  with  a  green  flame.  Ckloriiu,  in  saxwUio«,  coorerta 
dicliloivthylic  into  perchlorethylic  <^ther, 

Sulpkt/drie  add  decompoaea  dichloret hylic  cthpr,  with  erolatioo  of  hydrochloric  acid 
and  fonnatioa  of  an  oily  Uqnid,  which  Bolidifiea  In  a  few  days  to  a  soft  crystallioe  masa, 
■eparable  by  cryatallisation  from  Ixjiling  alcohol  into  the  two  following  compouoda  con- 
taiiting  rrapectiTely  1  and  2  at,.  Bolpbor  in  place  of  2  and  4  at.  chlorine  : 

Svlphetkviic  Ethrr,  C*H*S«0  {Malagnti's  Uhn- *u\furi\  ciyrtalliaea  out  firrt  in 
priBmatic  nwdles,  having  h  fnint  odour  like  tJiiit  of  chloride  of  Bolphur,  roolting  Iwtween 
120*"  and  123"  U.,  insoluble  in  walcr,  but  soluble  in  alcohol  and  ether;  decomposed  by 
alcoholic  potash,  yielding  sulphide  and  ucctiUe  of  (>ut<i8«ium. 

CkloroHulphrtktflic  FAhi^r,  C^HtTSO  (Malagnti**  ithrr  cklorotul/uri),  ciyi- 
tallisea  from  the  molhrr- liquor  of  the  prwwling,  in  unctuous  fetid  Bcales,  meltuig 
betwe4*n  70°  and  72°  0.,  insoluble  in  water,  soluble  in  alcohol  and  ether.  Alcoholie 
potash  concerts  it  into  sulphide,  chloride,  and  aeefate  of  potassium. 

These  imlpburetted  compounds,  a«  well  aa  the  diLhlonaated  ethcp  from  wlii<>h  thoy 
are  formed,  may  be  reganlrd  as  intermpdiMe  in  compoKition  V>etw(>pn  etliylic  t*ther  and 
acetic  anhydridt',  and  as  derived  from  the  latter  by  the  aubatitatioa  of  chlorina  oe 
aulphur  for  an  equivalent  quantity  of  uxygea  in  the  acetyl: 


DwtilorrLbfUc 

i-thrr. 

Cll'ClVrt 


ChlonMulptf 
Mhriic  ether. 


o 


Mhjriic  0 


CH'S    i 


tiulphp(l),llc 


Ac  lid  ail 
t...trid-. 


u 


All  these  coiapoundu,  when  treated  with  potash,  yield  acetate  of  potaasium. 

Perehlortthylic  Ether,  C«CI"*0  -  ^JJO.— Diicovercd  byEegnaidt  in  1830. 

Prodneed  by  the  prolonged  action  of  chlorine  on  ether,  in  sunshine.  In  preparing  thie 
and  the  otlitr  chlorinated  derivatiTee  of  ether,  it  i»  advisable  not  tr»cool  thf  iquiil  too 
much  at  the  beginning,  so  aa  to  allow  the  hydrochlorii:  ether,  which  is  produei'd  in  krtyft 
quantity,  to  escape;  otherwise  the  reaction  is  apt  to  become  very  complicute*!.  and  to 
yield  especially  laq;e  quantidee  of  perchlorinated  chloride  of  ethyl  or  trichloride  of 
carbon  (p.  •>32). 

Ferehlori'thylic  ether  erystaUisea  in  dimetrie  octahedron*!,  difleriog  but  little  from 
r«<tular  octalielirona.  Length  of  principal  axis  =  0*952.  P  :  P  in  ihe  lateral  e<lgee  = 
106°  46'.  Terminal  uummita  truncated  by  the  face  oP.  Cleavnge  pandlel  to  oP 
(NickUn.  Aan.  Cb.  I'hys.  [3]  xxii.  28).  Specific  gravity  =  1*9  at  \\&^Q.  (Mala- 
guti).  Melta  at  69^  C.  (Regnault),  and  l^oils  at  about  300°,  being  reMlved  at  th« 
Mine  time  into  triddoride  of  carbon  and  chloride  of  trichloracetyl,  0*C1'*0  —  C^Cl*  + 
CFC\*0. 

Sulpkurie  arid  arte  slowly  on  perchlorethylic  ether  at  210°  C,  emitting  vapour*,  which 
when  condensed  in  wjttr,  form  u  solution  of  triohlnracftlc,  aulphurir,  aiid  nydrochlorio 
afids  (Malaguti).     The  decomj>o»ition  ia  probably  as  follows:  — 

pprchlurrtli*ltc 

cci*ot^ 


FercliloTPthyttc 

c*ci*i" 

Ferctilorcthjllc 

C'CP  }q 

cciK)  r 


+     H'SO«     - 


2HC1     -f    SO'. 


2H'0 


Trichloracetic 

iirid. 

n     H     { 


"] 


2HC). 


Pt4a»nvm  acta  violently  on  i>erch]on>thylii'  ethf-r.  but  only  near  the  tempcratupe  at 
which  Hpontancona  decomposition  begins  (MaUgnti).  The  ether  w,  attncked  by  al- 
cithAic  putiuk,  but  the  rencLiou  appears  to  be  coimpUcaited  by  the  presence  of  the 
alcohol     (Ri'gnanlt.) 

An  alcoholic  eolation  of  protosulphidt  of  poUtmum  converts  perchlorethylic  ether 
into  chloTOxethoau  (i.  024) : 

C'C1"0    +     2K'S    =    C'CPO     +     4Ka     +    S». 

and  thia  compound,  w-hf-n  subjected  to  the  eclion  of  chlorine,  is  rooonveiied  into  per* 
ehlorethylic  ether.     (Malaguti.) 

Perehtorobromftkylic  £th<r,  C*CI«Br'0,  Brotttitle  r.f  Ch/nrr,.Tf tkr^r.  —  Oh' 
tained  by  exposing  chtoroxethoee  to  the  action  of  bromine  in  Kun^hine  (,Ma  lagnti). 
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OryBUUiscfl  in  octabedMns,  isoraorphoiis  with  flioseof  jv»ri>li!oreth)rlitfefh«»r(yickl 
foe.  cit.).     r.>loTirlw<s  inodorous.     Speoifie  prjivity  =  2-5  jit  18«  C.     Melt*  nt  96°,  t 
is  reaolvwl  nt  tin*  sump  rime  into  liromiue  and  chloroxethose.     The  Mme  deoompoaitioii 
takes  place  under  the  influence  of  !»ulphidp8.     (Malaguti.) 

This  compound  and  tlje  precedinia:  exhibit  towards  etJiylif  other  nnd  acetic 
dride,  relrttions  similar  to  thoHe  previously  noticed  with  respect  to  dicUlorethjrlic 
and  ita  Hulpliuretted  deriviitivcs  ;  thus: 


KthTlJc 

cn* 


Dlrhlorrthylio 
rthw. 

cmKn- 


PerchlorHhyllc 
*thpr. 


PerfhlOTo- 

bromj-thvlic  •ther. 

C'Cl'lir')^ 


Aciftie 

■nhrdrMi*, 


The  intercBt  of  these  relations  is  inpreaaed  by  the  facility  with  which  perchloreth; 
ether  i«  converted  into  com  ''  ''  "^         *"        "^       "'""    "  "    -»-'--•      '  .— r-u 

acetyl  and  trichIorac<.*»ic  acii 


ether  i«  converted  into  compounda  of  the  acetic  acid  Miie^  e,g,  chloride  of 

jid. 


Double  Ethera  eontaining  Ethj/l :  Ethfflates. 


EtktlatbofAxti,.  C*ir'*0  = 


C»H" 


O.— St!«  AxTL,  Osnn  of  (L  20S). 


CH» 


Ethtlate  of  Cbttl.     C'*H»0  =  (J„JJ„J0.— See  Cbtyl,  Oxim  of  (L  M3)l 


(C»H*)' 


(C'Jf)' 


„L  [  O*. — See  Bbxztlbxic  BrBxai 


Ethtlatb  of  Bbwitiekk.     C^'n'*0^ 
(i.  678). 
ETHTLATBsoFETHTLBifm.  J^!^5|o'  and  (^^^iY'f '^'•'"S** ^''''""°** ^^"* 


OF  (p.  879). 
Ethtlatb  OF  Mbthtl.   C'H'O  = 


^^Z 1 0.     Methshte  of  Ethyl ;  Etkylmdi^ 


Mttfit/trtht/h't;,  or  Vinomfthyli^  Ether ;  VinomithyUde.  (Williamson  [18501,  PhiL 
Mftg'[3]  kxxvii.  350;  Chem.  Soe.  Qn.  J.  it.  106,  229.— Chancel,  CompL  pctkI.  xm 
162.") — iVoduced:  I.  Hy  the  action  of  iodide  of  methyl  on  ethylato  of  •odiom,  of  of 
iodide  of  ethyl  on  methylato  of  sodium  r 

CH«.Kii.O  +   CH»I  ^  C-H'.CH«.0    f  NaL 

The  second  process  is  to  be  preferred,  because  tho  product  is  more  easily  ponfied 
rertifieaHon  than  in  the  first.     The  apparatus  shonid  be  arranged  so  that  the  diatill  ^ 
may  constantly  flow  back  into  the  r«-tort  till  the  decompoaition  is  finiahed  ;  thedoaUi 
tfhiT  may  then  b*  distilled  uff  from  the  fixed  product.s  (Williamson j. — 2.  By  tht 
Bctiun  of  incrlij^ulpbaU*  on  otliylate  of  potassium  {Chancel): 

C-H\K.O  +  SO'.CHVK  -  K-SO'  +  CH».CH».0. 


It  is  a  tninsparent,  colourloKS.  very  mobile  liquifi,  boihng  at  11°  C.      Vaponr-i 
sity  =  2*168,   correBponding  with  a  condensution  to  2  vol.  (Willi  amson). 
ViiJKjur  baa  a  peculiar  ethereal  odour,  and  va  highly  inflammable.     (Chancel.) 

Ethtlatb  OF  OcTTL.  C"H"0=^^*'[*^-  Ethyl-octytic ether,  (Wills,  ChaT 
Soc.  Qu.  J.  Ti-  312,)— Produced  by  the  action  of  octylate  of  sodium  on  iodide  of  ethyl 
It  is  a  colourless  mobile  liquid,  having  a  specific  gravity  of  0"791  at  16°  C,  and  boilmf 
at  ni^.  Vapour-density  oy  obaerration  —  6*095;  by  calculation  from  the  precedilig 
formula  (2  toI  )  =  6-47. 

Wills  regards  this  compound  as  etht/f-fu-pttflie  rthrr,  CH*0  =  C'H*.C'H'»0.  The  >r»- 
p4>ur-den8ily,  4-99.  deduced  from  this  formula,  certainly  affrpe.'*  better  with  the  obserwd 
lii-nsity  than  that  deduced  from  the  formula  C'*H"0  ;  and  so  likewise  does  the  analyiis. 
which  gives  76  "16  per  cent,  carbon  and  H'ti  hydrogen,  the  formula  CH"0  r«quiria£ 
7500  C.  and  13  88  H.,  whereas  C'*fl^  requires  75  95  C.  and  13-92  H,  But  the  tfi 
perim^-nts  of  Bouis  and  others  tend  to  show  that  castor-oil  alcohol,  from  wliieh 
com|tnuiul  is  derived,  contains  8  rather  than  7  at  carbon,     (Sec  AtAx>Boi.s,  i  98; 

OCTYIJC  i\xCoHOL.) 

Ethvlatb  OF  PoTAssttJif.    C'H*KO.   PnffiJisium^alcohol. — Produced  by 
absolute  al'rohol  with  potassium ;  1  at  hyilrogen  is  then  given  off  and  its  plac^  nq 
by  potoBdium.     The  ethylute  of  potassium  se(>arates  from   the   wiTurated  Itqai^ 
colourlf'sa  c'rystrtlp.  which,  if  protected  from  moisturt='  and  carljooic  jtrid.  ranv  be 
eorred  TJ'itJioat  alteration.     Water  converts  the  compound  into  alcoltnl  and  hyd 
{wtassiam.     lis  other  n-artinns  are  similar  to  those  of  the  following  coinpouiidL 


quid 


drat«l 
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Ethtlath  or  SuDicM.  CIPNaO.  8'Hlium-alcohoi.—Vtodwxd]ik«iiiepolt»- 
9nm-(\tm\>onn>L — CrvHtnlliHea  in  broad  luminiK.  Tiil»  conipound,  and  the  proci.'diiij^ 
exhibit  prt«ci««'ly  sifTiiljir  reaclinns  and  both  form  vt-ry  coijvf  niont  rrafinenti*  for  the 
prrpurution  of  a  grejit  number  of  orpinic  bodies,  a^rving  to  iotroduce  ctbjl  by  aubsti- 
rution  into  many  conipftutids.  Ethykte  of  sodiam  i«,  howerer,  generallj  preAprred  to 
the  |Mitiiit»iun)-oomfKiuiid,  becauite  oudium  is  cbettper  tbitu  potUBiam,  and  acta  leaa 
rioteoUv  upon  alcoboL 

EthyUit©  of  aodiuio.  treated  irith  the  iodide^  bromide^  at  chloride  ot  *n  aleohol- 
rndiclr,  forms  iodide,  bromide,  or  chluride  of  sodiam,  and  oo  ether  cooUumog  one  or 
t^o  aloohol-nuiicles,  uccordin);  to  the  purticalur  recent  oaed  (WilliAmaoD, /^^cct/.). 
With  ftitratc  of  ttht/l  it  acts  in  like  mannor,  yielding  ethylic  etiler,  and  nitrate  of 
(MMlium  ;  but  with  the  ethers  of  oriranic  acids,  ti  ditfrnMit  reaction  takes  place.  With 
aretatr  of  uhyl  it  fonns  a  very  iji»<iluble  compound,  which  abaorbfl  water  greedilj  from 
the  air,  yielding  alcohol  and  acetate  of  Bodium : 

CH*NaO  +  C«HK).C«H'.0  4  H'O  -  2CH«0  +  CH^aO'. 

BtnsMUe  and  oxaitUe  of  ethyl  act  upon  it  in  a  somewhat  simibtr  manner (Beil- 
atein,  Ann.  Ch.  Pharoi.  cxii.  121), — Carbonic  anhifdndt  passed  into  a  solutioti  of 
ethyUte  of  sodium  forms  awhite  precipitate  of  ethyl-carbonate  of  sodium  (Bei  letein, 
lof.  ciL).-' Carixtnic  oxide  doea  not  act  on  ethylate  of  acdiuro  (Wanklyn,  Ann.  Ch. 
rborm.  ex.  Ill)  qqIcs-o  a  trace  of  moisture  is  present;  in  which  case  a  small  quantity 
of  formic  acid  is  produced  bv  the  ai-tion  of  the  carbonic  oxide  on  hydrate  of  sodium. 
(Geuther,  ihid.  cix.  73;  Ltebcn,  ibid.  cxii.  326.) 

Ctfanate  of  tthyl,  heated  in  n  9eale<l  tube  with  ethjlate  of  Kidinm,  generally  yields 
tri»"th  ylamine;  nometiinea,  hovit'ver,  the  grt'at^-r  part  of  the  cyanate  is  converted 
into  ryanunite,  which  acrs  on  the  elhylutc  of  F<>>dium  in  the  manner  explained  oa 
{wge  'i03,  yielding  hydrate  of  carbotriethyltrlamine.  (Uofmann,  Proc  Boy. 
«ot  xi.  282.) 

With  ior/iy/crm.ethykte  of  sodium  yields  iodide  of  methylene  and  a  body  having  the 
composition  of  aldehyde : 

C»H»NaO  +  CHP  -  CHI*  +  CH^O  +  NaL 

With  iodine,  it  yields  iodide  of  sodium,  formate  of  sodium,  and  iodoform ;  which 
last  compound  acts  upon  it  in  the  manner  just  mentioned.  Ckttfroft,rm  converts 
ethylate  of  sodium  into  chloride  of  sodium,  and  a  body  baring  the  composition  C^H^O*: 

ac-H'NaO  ■«-  CHCi"  -  3NaCi  +  crn'*o», 

(Kay,  Chem.  Soc,  Qu.  J.  rii.  224.)  —  Wurta  (Compf.  rend,  xliii.  478)  snggesfs  that 
this  compound  may  be   the  trietliylie  ether  of  a  triatomic  alcohol  homologous  with 

glycerin;  C'H'*0»  -  j^^^r^^jo'. 

With  montwklora^tic  add,  ethylate  of  sodium  yields  the  sodium-salt  of  ethvloz- 
acetic  acid  (un  acid  iaomeric  with  ethjlglycollic  acid),  tcgether  with  alcohol  and 
chloride  of  sodium : 


I 

I 


2r^n»XaO 

F.ihyljilc  of 


+  cipno* 

CMumcrtlc 
«cid. 


Rthfl.ox»c«-iate 
of  •odium. 


CTI'O  - 

AlcohaL 


Naa 


(Heintz,  Fogg.  Ann.  dx.  301 ;  Jahp«ber.  d.  Chem.  1869.  p.  380,  —  See  Oxacbtio 

AOTD.) 

With  nitrohitzifief  ethylate  of  sodium  (and  likewise  alcoholic  pot««h)  yields 
axob«>nzenc,  azoxybenscne,  pbenylamine,  oxalic  acid,  and  other  products^  (Be  champ 
and  Saint-Pierre,  Compt.  rend,  xlvii.  24.) 

EthylatbofTbtbti.       C^"0  =  ^^Ao,  Ethylate  of  Butyl,    Ethyl-tctrylic 

or  Eihyt-htttvtic  Hkrr.  fWortx,  Ann,  Ch.  Phys,  [3]  xlii.  129,)— Pro.1  need  by  the 
aetion  of  iodide  of  ethyl  on  tetrylntp  of  potassium,  C*H*KO.  Colourless,  mobile, 
tra^irrunt  liquid,  of  ppecitic  g^ravity  0'75l.  boiling  between  78*  and  80°  C 

STRTX,  PBOSPaXSSS  OF.     S«}  PHuaFUOsrs-BASBa. 

ETKTXi,  PZi17IIEBXIl£B  OF.     See  PLtrUBBTHrLS. 

STSn.,  SBX^KHTSXJLTE  OF.     C^H'Se  -  '^^[se.    Sdmxwn'mereapittn, 

(Wohler  and  Siemens.  Ann.  Ch,  Pharm.  Ixi.  300.) — This  compound  is  obtained  by 
SattUBting  aqueous  [wH/inh  with  w'l.-nhydric  acid  ^m  in  an  appiiratna  filled  with 
hydrogmi,  and  diHtiltin?  the  resulting  wlnfi'nn  of  pojr^nide  of  hydrogen  and  potatoifim 
with  co^<^^ntrated  ethvufulnhate  of  potaasinm,  the  air  being  as  much  as  poosiblo  ex> 
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«1n<l«d.  S<»lf>nhy{Ir>c  acvI  ticaji  h  first  given  off.  «nd  nft<'nioir»l»  water  |mmm  iww, 
tog«thor  with  ii  hravy,  yellow,  infolprably  Btiiikiiig  liquid.  This  liquid,  afler  bring 
■epmnitod  fmm  fhe  watery  dii^tillato,  is  plactni  in  contact  with  chloride  of  ailnum 
and  distiUfii  into  a  frp«h  rect-ivrr,  whereupon  eeleniam-men^ptAn  p«M«s  ovw  fin*, 
•rt]  nfttTwanis  seleoide  of  ethyl. 

S«4i»niurri-mpr«'iiptHn  ia  a  thin,  transparpnt,  colonrlewi  liquid,  liearier  than  <™/  r, 
and  in»cihibl<»  tlierein.  but  soloblo  in  alcohol.  It  boilfl  cotisidorably  abore  100<>  C,  and 
has  an  oxtreinoly  repulsive  odoiir,  r*«prnbling  that  of  the  cacodyl-compounds. 

It  burns  with  a  briifht  blue  flame,  giving  off  thick  white  and  red  vapoan  of 
at'leniniiN  Hcid  and  selenium.  The  vapour  pnwied  through  a  tulM»  heatetJ  to  low  rodnew 
is  decomfKJScd,  with  separation  of  Beleiiium.  A  mixture  of  atfleniiim-mepcaptaa  and 
chioratr  of  potaxainm  lakes  fire  and  explodes  on  the  addition  of  hydrochloric  aci'i 
8e]eiiimn-rnereaptau  iippe;ins  not  to  Ix?  eomplc-tely  oxidi««i  by  rhtorinr  or  uitrie  aciil. 
When  passed  in  the  state  of  vapour  over  reil-hot  iftpptr  wire,  it  is  completely  deuum* 
posed,  forming  (jrystidline  selenide  of  copper,  emitting  an  odour  like  tliat  of  b«?n»en<", 
and  depositing  a  small  quantity  of  cliarooal. 

In  contrtct  »*ith  nurcutia  oxide^  it  bt-cometi  heated,  makes  a  bixjiing  noises  and  forma 
a  yellow,  easily  fusible  8ub«tance,  which  difwolvea  in  hot  alcohol,  and  9«<^xtX»  from  it 
in  an  amorphouii  condition  on  cooling;.  The*  alcoholic  solution  of  aeleninin-niercaptaB 
also  forms  a  thick  yeMow  prpcipihite  with  mtrtruric  chloride. 

ZTRTXi,  8Stil»ni>lS  or,  or  SEXtBiriiTaTI..  C<H"Se  =>  fCOI*)^. 
Stlmhijdric  or  Hifiirnxiltiuc  ithrr.  (Luwip,  J'<'i^t».  Ann.  xxx\ii.  652;  Chf^nir  itr 
organiachm  Verliindunijtn,  Aufl.  2,  ii.  432. —  Joy,  Ann.  Ch.  Pharm*  IxxxvL  35.— 
Cm.  viij.  366.) 

Finely  powdered  selenide  of  potnasium  mixed  to  the  consistence  of  a  thick  pMU^ 
with  pure  nxttlio  ether,  then  Br«^ntly  hcntcd  in  a  retort  for  some  hourn,  and  afterwardt 
diiitiLtei],  yields  a  liquid  u'liich  Hmolk  and  U;stes  like  sulphide  of  etbyl.  and  when  set 
on  Ere  bums  with  an  odour  of  horsi^rudish,  and  deposits  selenium,  (Lowig.) — Joy 
obtaitifl  the  compound  by  distilling  selenide  of  potassium  with  aqmona  ethylrolphat* 
of  calcium.  II.  appears  also  to  be  produced  in  small  quantity,  in  the  prefwratiou  of 
iwlenium-mereaptan.     (Siemens,  Ann,  Ch,  Pharm.  Ixi.  360.) 

Sdi-tifihyl  is  a  flenr,  pnlt'-yellow  liquid,  having  a  most  insoiTerable  odour;  it  ii 
much  h^Tier  than  wnter,  and  does  not  mix  with  it.  When  set  on  fiw^  it  bum*  coo- 
tinuoimly,  emitting  red  vapours  of  selenium. 

Selenediyl  is  fta  organic  baais  forming  definite  salts  with  adds.  Nitrif  add 
t'ouverts  it  into  u  nitrate,  from  which  the  cldoride,  bromid«j,  and  iodide  may  be  obtaiaed 
by  double  decomposition.     (Joy.) 

Hromide  of  Sfltnethifl,  peparatea  in  the  form  of  a  lemon-yellow  oil.  heavii^ 
than  wiitcr,  when  a  solution  nf  the  nitrate  is  mixed  with  hydrobromic  acid.  It  disi^vn 
readily  in  ammonia,  and  forms  an  oxybroiaide.     (Joy.) 

Chfiiridr  of  Sflrveth>/L  C'lP"SoCi'.— The  solution  of  selenide  of  ethyl  in  nitnc 
acid  mixed  with  hydrochloric  acid  becomes  njilk-wbitc,  and  immediately  Hftrrwxnls 
deposits  drops  of  an  oily  body  whicli  ia  thf*  chloride  of  selenethyl.  It  is  a  tran$pMrrot 
light  yellow  liquid  which  sinks  in  water;  when  quite  pure,  it  appears  to  be  inoaorma 
It  is  oomewhat  soluble  in  AAuter  and  more  so  in  hydrDchtoric  acid,  wliich  cirvnmataiies 
renders  some  csiro  necessary  iu  preparing  it. 

On  leaving  it  for  a  con9itlt'ral>Ie  time  in  contact  with  thi?  liquid  containing  hydn>- 
chloric  aad  nitric  acid,  in  which  it  has  bticn  produced,  a  number  of  well-delined  tnui»- 
l^mrent  and  colourless  crystal's  are  fcirmiHl  iit  the  spparatiog  surface  of  the  two  liquidt. 
Tlutie  crystals  dissolve  readily  in  wiiter  and  alcohol,  and  separate  nnehaiiged  on  evapiK 
ration.  The  ai^neous  solution  is  acid,  and  forms  with  ammonia  a  cnr'^talline  mass,  fnm 
which  the  ammonia  is  sepamted  by  potash.  Sulphuruus  acid  ad'ded  to  it  sepantn 
BflencthyL  The  crj'stals  givn  by  analysis  13"7  per  cent  carbon,  4*3  hydrogeo,  Ukl 
'2006  chlorine :  thorttbre  1  at  chlorine  to  2  at.  carbon. 

Iodide  of  Sclenrtht/l, C*H'H.d',ui  obtained  un  adding  liydriodic  acid  to  a  solirtion 
of  the  chloride  or  nitmte,  as  a  black  liquid,  having  a  fiemi-mt-tiillic  lutitre,  aiukiiig 
in  water.     It  is  inodorou-s,  do*s  not  solidify  at  IH  C;  dissolves  only  in  ammonia. 

Nitrate  of  Selenethtft  is  formed  by  dibsolving  selenethyl  in  hot,  moderately 
strong  nitric  acid,  the  action  being  attendi^d  with  evolution  of  uitrie  oxide  gat,. 

Oxffchlorid^  of  Sflen^thyt.  CH-Se^Cr-O  =  ^I§ '^cl !  ^ *  Chloride  of  «ela>- 
ethyl  dissolves  rendily  in  ammonia,  forming  chloride  of  Hmmonimn  and  oxychloHdeof 
wlenethyl.  The  latter  may  be  extracted  by  absolnte  nlwdiul,  and  crystjillisi^  in  highly 
lofttrous,  colouflfss  cul>es,  genemlly  grouped  in  iteljate  raa^K-a.  Hydrochloric  aciS 
added  to  the  aqueous  wlution  tirows  aown  the  oily  chloride  of  selenethyl ,  aod 
aulpharous  acid  tiimws  down  a  fetid  mixture  of  selenethyl  and  the  cblori<ie.     (Joj.) 
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XTKT&,  8f  A]rw£]>CS  OF.     S^  STAinrrrirn^ 

BTBT&,  STTLPBISSa  OF.  Threo  fiulphides  of  «lhyl  Aft  known,  riz.  tbM 
|iroto-,  di-,  and  tri-«ulp)iid^.     Tliey  &re  oily  liquids  haring  &  pungrnt  •lliAce'iiu  odoar. 

Frotoattlptalde  of  BUijl.  (CH*)*S.  Sulpkt/dn'c  or  Ht/drotulpkuru'  ttker,  (Do- 
berciaer,  Sehw.  J.  Ixi.  377.--Regn»uIt,  Ann.  Ch.  Phy«.  (2]  lx*i,  387— Loir, 
Compt.  pcnd.  xxri.  1&6. —  Riehe,  Ann.  Ch.  Yhyt.  [;i]  xliii.  297.) — Tbis  '-omjioand, 
the  anmlogufl  of  oommon  etlit«r,  is  produced  by  the  action  of  proroeulphide  of  poraiutiuni 
on  «thjrlsulphat<>  of  potdiwiura,  chloride  of  ethyl,  and  other  ethyl-conip<mnd* ;  al«o, 
aeoording  to  Dobertnarr,  by  dlMolring  protosulphtde  of  iroa  in  a  mixture  of  strong 
hydrochioric  add  and  alcoboL 

Prepttration. — An  aicobolilo  ftolution  of  potash  ia  divided  into  two  eqiuil  part* :  one 
eait  is  mturated  with  aulphydric  acid  gaa,  and  then  mixed  with  the  otber ;  the  liquid 
u  introduced  into  a  tubulxled  retort ;  vapour  of  hydrocblorir  ether  i«  ptt;<«ed  throogh 
it  to  satorHtion  ;  and  heat  ia  then  gradoall^  applied,  the  stream  of  hydrociilorio 
ether  vapour  being  still  kept  up.  From  the  distillate,  which  contains  alcfjlml  h»  well 
•«  sulphide  of  ethyl,  the  sulphide  of  ethyl  is  precipitated  by  water;  it  is  then  purified 
by  washing  with  water,  dehydrated  by  chloride  of  eulciom,  and  recTifleil  (Regnuult). 
Baodrimont  (Compt.  rend.  liv.  816)  distils  sulphide  of  pola)«fiinm  with  iodide  of 
ethyL     Lowig  distils  aulphide  of  pota««iiim  with  ethylatilphute  of  barium. 

Propertifi. — Sulphide  of  ethyl  ia  a  colourless  oily  liquid  having  a  vfry  pungent, 
disagreeable,  alliaceous  odour.  Specific  gravity  —  0-825  at  20"  C.  Boiling  point 
ys°  C.  Vapour-density  SOO  (Regnault) ;  calculated  (2  voL)  -SW.  It  is  insoluble 
in  yater,  but  soluble  in  al^jhoi. 

It  is  very  inflammable  and  bums  in  the  air  with  a  blue  flame.  When  poured  into 
leAlorintgas,  it  takea  fire  spontaneously.  Nitrie  acid  oxidises  it  readily,  converting 
[  it  partly  into  etbyl-solphuroM  acid  (SO)".C*H».H.O'.  It  is  not  decomposed  by  boiling 
with  potash -ley,  but  on  distilling  it  over  htfdraU  of  potasnum  sulphide  of  potassium 
is  formed,  and  alcohol  paases  over,  together  with  undecompoaed  sulphide  of  ethvl, 
I  (C«H»)'8  ■*■  2KB0  -  K^  +2iC*H*.H.O).  It  is  not  altered  by  mmrHric  oxtdi,  but 
[  foriiis  a  yellow  precipitate  with  acttate  of  land,     (be«  AnoKKUi,,  p.  967.) 

Compounds  of  Etk^lie  Svlphide  with  AfetaUie  CUcridat. 

Mfrenry-tompottnd.  (C*H*)*S.Hg'01*.— By  agitnting  aqueous  mercuric  chloridt 
with  sulphide  of  ethyl  or  ita  alcoholic  solution,  it  cryMralline  c«)mp«und  is  obtained, 
which  may  be  puriBed  by  reenk'stalliwition  fnm  bfjiling  uU-ohol,  and  obtftined 
in  ilisUncl  crystala  by  aoJntion  in  ether  i»r  wood-spirit  It  forms  monocUnic  prisma, 
in  which  gop  :  ooP  =  103°  40';  ooP  :  oP  =  'i"  10'.  It  is  heavier  than  water; 
hns  a  very  unpleasant  odour;  becomes  opaque  and  gives  off  sulphide  of  ethyl  on 
ezpr«ure  to  the  air;  roolts  at  9l)°  C.  to  a  colourlees  liquid,  which  solidifiaa  to  A 
eryatalUne  m&aa  on  cooling ;  and  decompuaea  at  a  stronger  heat,  emitting  fetid  vapriurs. 
(Loir.) 

PtaHnHm-compoHnd  2(C'H')^S.PtCl*.— Obtntned  like  the  preceding,  which  i^ 
reaembloa  in  moat  of  its  propertiea.     Melts  at  108'^  C. 

CMon'natrd  Dtrivatiwa  of  Ethylie  Bulpkidi, 

Sulphide  of  ethyl  taki«  fire  when  pourrd  into  chlorine  gaa ;  but  when  dry  chlorin* 
»  passed  into  a  Busk  containing  sulphide  of  ethyl,  not  at  first  into  the  liquid.  th« 
TeiK<el  lieiug  kept  cool  and  in  the  shade,  substitution-products  ire  formed,  (he  chlorine 
quickly  dii'app^'ars^  and  hydrochloric  acid  gas  in  abundantly  evolved  ;  towardathe  end 
of  the  operation,  the  chlorine  may  be  passed  dijwtly  into  the  liquid.  With  about 
16  gmmmea  of  liqitid,  the  operation  is  completed  in  difinsed  daylight  in  a1)out  four 

•  hoora.     (Biche.) 
To  separate  tJie  producta,  the  liquid  is  first  heated  bo  70* — 80*  C.  while  a  stream 
of  carbonic  anhydride  is  passed  through  it,  whereby  chlorine  and  hydrochloric  wid 
•re  expelled,  and  th<>n  distillpd.     It  l>»"gin«  to  boil  at  160"  C,  the  greater  portion 
distils  over  between  103*^ and  173°.  and  the  bo Uiog  point  aflerwardt  rises  to  230'-' ;  but 
H  the  liquid  then  beginu  to  decompose,  giring  oft'  hydrochloric  acid  and  leaving  a  carbon- 
B  aeeoua  nwidue  (Rirhe).     The  only  d<-finite  compound  obtained  from  it  is: 
"^       Jjichlorfthr/lic  Sulphide,  (C'H'Cl')*S, — Thin  compound  forms  the  greater  part 
of  the  distillate,  passing  over  between  163"  and  173°  and  may  bs  purified  by  rectifi- 
cation.    It  is  a  light-yellow  liquid  of  specific  gravity  l-d47,  having  a  strong  unpleasant 
odonr.  boiling  betwp-^n  167" — 111'^  C.     It  is  dccompoaed  by  hydrogen  and  by  proto- 
■ulphide  of  potassium,  with  formation  of  riacid  prodneta.     (Kiche.) 
K      TriekloTtikylie  Sulphide.  (C*l]*Cl')*S.— If  tbacblorint  is  allowed  to  acton 
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t)ie  iailphide  of  ethjl  id  diffufled  daylight  without  external  cooling,  a  Uqaid  is  ot<doel, 
blackish  at  first,  becoming  deep  yellow  aflerwurda,  from  which,  by  fractional  distilU< 
tion.  this  and  the  following  eompoiinds  aiv  obtained, 

Trichlorethylic  sulphide  i»  a  dark  yellow  oil,  boiling  between  189^=*  and  191*  C. 
(Riche.) 

Tttrachlorethtflie  Sulphide.  { C*HC1*)"8.— This  compound,  iwerioosly  obtained 
by  Regnault,  pamefl  over  in  tne  diatfllatioQ  between  217*  and  222°  C.  It  may  be  ob- 
tained in  lai^r  quantity  by  paaaing  chlorine  for  a  long  time,  and  in  large  ezceaa,  em 
Bulphide  of  ethyl,  hrating  the  liquid  ultimately  to  between  eo**  and  80*  C.  It  ii  • 
yollow  liquid  of  intolerable  odour,  of  epecifie  grarity  1*673  at  24°  C^  boiling,  Mtcord* 
ing  to  R<igTi(iultv  at  about  160'^  C.  with  partial  deoom position. 

Perchiorfthylic  Sutphidr.  {C*C1*)»S(?)— By  the  action  of  chlorine  on  et hylic 
aulphide  in  sunshine.  Trichloride  of  carbon  i*  thf^n  formed  and  a  liquid  obtained, 
which  19  probably  (C*C1*)'S  ;  but  it  has  not  becQ  analysed.     (Riche.) 

Dlanlpliflde  of  StUyl.     CH^S,  or  C<H'*S'.     Thialol.    (Zeiae,  Pc^.  Ann.  xrxL 

371, ^Pyr.  Morin,  ihid.  xlviii,  483. — Lt>wig,  ihid.  xxrii.  ftSO. — Lowig  and  Weid- 
mann,  ihid.  rlix.  326.— Cahours,  Ann.  Ch.  Phys,  [3]  ariii.  268.— Muspralt,  Chem. 
Soc,  Qn.  J.  til  19,)— Product:  1.  By  the  aotion  of  eJiyl-nulphtit*  of  potaaaiam  on 
dieulphide  of  poto;sBiam  in  concenfmted  aqupnus  solution  (Zeis p).  If  the  aoltxtioa 
also  contains  trisolphide  of  potassiam,  a  certAio  quantity  of  thsulphide  of  > 
fbnned  at  the  same  time  ;  nerertheles.^  the  creator  part  of  the  trisolpbide  of  ] 
likewiae  yields  disnlphide  of  ethyl,  part  of  the  sulphur  being  separated : 

CH'.K.RO*   +   KS»  =  K^O*   +   C*1I*3   +  S*. 

2.  By  distilling  oxalate  of  ethyl  with  disulphide  of  potassium. — 3.  By  decotu] 

aulphorulphite  of  ethyl,  /f^juvjfis  — »  product  of  the  imperfect  oxidation  of  mfroi^ 

tan  by  nitric  acid  (are  StTLpKUBOus  Etmkbs) — with  potash  (Lowi  g  and  W  eidmaDB). 
— 4.  By  the  dry  distililAtion  of  ethyl-sulpfaocarbonute  of  potasoiuiu.     (Zeia«v) 

Preparation. —  1.  A  mixture  of  I  pt.  disutphide  and  2  pt«.  etfaylsniphate  of  potas- 
mum  (or  3  pts.  ethylsnlphate  of  potassium  and  2  fU.  ordinary  liver  of  pulpbor)  »  di»> 
tilitKi  in  a  retort  with  6  pt-s.  water;  more  wEt*r  is  added  when  the  resmwe  beoooM 
thick;  the  dintilhition  is  continued  ;  and  this  treatment  is  repeated  three  or  four  tinm, 
M  long  as  oil  continues  to  paw  over.  The  yellow  and  still  impure  diauJphide  of  etiiyi 
is  separated  from  the  water  which  has  passed  over  with  it,  shaken  up  sereral  ttUM 
with  large  qunntltieH  of  freah  water,  and  dried  for  seTcral  days  over  chloride  of  cal- 
cium. OfthiB  oil,  which  i.^  contaminated  with  a  more  fixed  oil  (hence  its  boibng  point 
rises  from  150<^  to  200°  C),  a  quontity  is  distilled  off.  saffioient  to  raise  the  boihiw 
point  t*  190°  ;  the  distillate  is  a|:!iin  fU.stilled  till  the  boiling  point  rises  to  180°;  sal 
this  treatment  is  repeated  till  a  dLntillHte  i»  obtained,  which  passes  over  at  161°  iriti- 
out  leivvinpf  any  residae.  The  quantity  of  the  pure  product  thus  obtained  is  abovl 
half  that  of  the  impure  oil. — 2.  Muspratt  distils  together,  iu  a  large  retort,  (t^ual  pop- 
tions  of  the  concentrated  solutions  of  ethvlsulphate  of  calcium  and  tri<«u1ptiideof  pitM- 
Bium;  washes  the  oily  product  repftateclly  with  distilled  WMter;  an*i  then  rectille*  it 
jieveral  times  oi'<*r  chlonde  of  caldwm. 

Prcrprrtirg. — Di sulphide  of  ethyl  is  a  coloorleai oily  liquid,  in.<ioluble  in  water,  tohitil* 
in  alcohol  and  fither.  Its  specific  grarlty  is  about  equal  to  that  of  water,  so  tbst 
it  first  float*  upon  water,  and  then,  perhaps  from  al^sorbing  water,  sinks  to  iht 
buittAm.  It  boils  at  Ifil^C.,  passing  over  nndecomposed.  It  ia  neutral  to  regeUbW 
colours;  has  a  very  strong  and  repulsive  alliaceous  odour  (according  to  Mnsmttit 
baa  a  most  disguitting  smell  when  crade^  but  after  rectifictttion  the  emell  is  ooly 
ntightly  alliaceous) ;  when  inhaled  it  is  very  apt  to  produce  headache ;  tastes  lint 
sharp  and  afterwards  sweetish ;  10  drops  of  it  ^iven  to  a  rabbit  can^e  convvlsin 
movement*,  from  which,  however,  the  animal  slowly  rccovere.  Vapour-density  ■ 
4*270  (C  ah  ours).  If  then  its  molecule  iu  the  state  of  vapour  is  condensed  to  3  rak, 
according  to  tha  ordinary  Inw,  the  rational  formula  must  be  C*H'*S',  not  CffS:  fcr 
(2.  12  +  fi.l   +  32)   «    0(1693  =  4-227. 

Ikcompotitions. — 1.  Bisulpliide  of  ethyl  ia  very  inflammable,  and  bams  with  a  biw 
Rnme.  It  is  not  altered  by  exposure  to  the  air.  Chlorine  decomposes  it  nadilv, 
especially  in  sunshine  (Cahours).  With  hrominf  it  forms  a  compound,  eotuble  n 
wiit«r,  which  yiflds,  by  dietillation,  hydrobrnmic  acid  and  an  aromatic  liquid.  Pnnnic 
nitric  acid  converts  it  into  etbylsulphuroua  acid,  a  small  quantity  of  sulphuric  aM 
being  also  formed.  Strong  stdphurie  acid  does  not  dissolve  it  in  the  cold  :  on  aoplyini 
heat,  decomposition  takes  place,  attended  with  evolution  of  salpbnrons  anhydrida 
With  mereurio  03ridt„  disulphide  of  ethyl  slowly  forms  a  vellow  ma«s.  The  aJeobdie 
solution  preetpttutes  mercuric  cA'r>r/ifo  white,  aertatr  o/ /raa  yellowish  white,    (Moria) 
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rrlaolpblde  of  Stbyl.  (CH*)'S'.— Obtain(^d,  together  with  the  disalphido.  by 
diatiilJng  a  niixturt'  of  eth^  Isulphate  and  p«ntaanlphide  of  potaoinm.  On  rectifvuig 
the  product,  the  di»»iJphide  pasAPs  over  first,  and  aftervsrda  tba  trisulphide.  Il'is  « 
h«>a\7.  oily  liquid,  which  react*  like  the  disulphide  with  nitrio  «cid  and  with 
chlorine.     (Cabnurs,  Aic.  cr<.) 

yentesBlpliiil«  of  BttajL  (C'H*)'S*  (?)— This  appears  to  be  the  composition  of 
m  white,  flwett-tiiating,  fuHiljle  ealphurett«d  ccmpoaod,  precipitated  by  wat«T  from  an 
&lc<jhnljc  solution  of  onalic  ether  and  penta^ulphide  of  potsadnin.  (Lowig,  Chemu 
dtr  Organitchen  Verbindungen,  L  464.) 

STSTX.,  S9X.PBT1>SATa  Ol*.     C*H*S«^'Js.       Hydrosufphatf  of  EHf/l, 

Suiph>th'><U'  nr  Klhi/lfulphidf  of  Hi/dfogm.  Mercaptan.— Thin  body,  which  has  the 
eomposition  of  alcohol  in  which  the  oxygen  iM  replaced  by  itolphar,  was  discovered  by 
Zeise  iu  1833  (Pogg.  Ann.xxxi.  369),  andhaabe^n  fWlhereiamini^  by  Li  phi  ^  (Ann. 
Ch.  Pharm.  xi.  10  ;  xiiu.  34).Deb«»  (iW.  Ixxii.  18),  Regnault  (Atin.  Ch.  Fbys.  [2] 
Ixxi.  390).  and  othrrs.  (See  also  Om.  riii.  340;  Gerh.  ii.  '284.)  The  name'mer- 
captan,  by  which  it  in  generally  known,  signiflca  corptu  mcrcurio  aptum,  a  body 
hariDg  a  atrong  tendency  to  unite  with  mercoty. 

Mercaptan  is  produced  in  numerona  eaMa  of  the  reaction  of  ethyl -comt>onnd«  with 
metallic  snlphydrates,  ex{>eciaUy  with  tho<H>  of  the  alkali-metala :  1.  By  the  actioQ  of 
■ulphydrate  of  bariom  on  etbylsolpbate  of  barium  or  of  caidum : 

Ba*B»S«  +  (€'H»)*Ba''(SOV'  -  2(C»H».H.S)  +  2Ba*S0*. 

By  the  ictioD  of  chloride  of  ethyl  on  snlphydrata  of  potarainm : 

KHS  +  C-HHn  -  KQ  +  C^».HJ. 

8.  By  the  dry  diKtillation  of  xanthate  of  potaMium.  — 4,  By  tbo  action  of  nitrate  of 
ethyl  on  aulphydrate  of  ummoniom.     (El  Kopp.) 

Preparation. — 1.  Cryetallined  ethyliolphate  of  calcium  is  di«till<?d  with  a  ftolution 
of  sulphydrate  of  bannm ;  the  product  is  cMjllccted  in  a  well  cooled  receiver ;  the 
aqueous  portion  i»  decanted  :  and  the  mercaptan  which  remains  ia  purified  by 
disrtllation  with  a  small  quantity  of  mercury,  then  dehydrated  by  chJoride  of  calcium 
(Zeise). — 2.  A  mixture  of  alcohol  and  aulphuric  acid,  irach  aa  ia  used  for  preparing 
the  ctbylsulphates,  is  saturatpd  with  potash  ;  and  the  liquid,  deeantinl  from  the  pre- 
cipitated sulphate  of  pofjissium,  is  mix^ni  with  excess  of  caustic  potash,  then  saturatwi 
with  sulpharetteil  hydrogen  and  digtilled  (Wohler). — 8.  An  alcoholic  solution  of 
pota«h  is  fluttimted  with  sulphuretted  hydroeen.  and  then  treated  with  vapour  of 
chloride  of  ftbyl.  Baudrimont  (Compt.  rend.  liv.  &I6)  rvcnmmecids  iodide  of  ethyl 
for  this  purpose,  instead  of  the  chloride,  because  it  is  less  rolalile. 

Propfrtirt. — Mercaptan  is  a  colourlpss,  Tery  mobile  lt<juid  baring  a  peculiarly 
offensive  alllaceoiut  odour.  Sfn'cific  gn* vity  0'83'i5  at  21°C  ( L  i  eh  i  g).  Boils  bet wei^n 
fll"  and  63°  C,  Vaijour-dcnsity  =  211  (Bunsen);  by  raleulntion  (2  toI.)  «  2'148. 
It  ia  very  inflammable  and  burns  with  a  blue  flame,  "ttlien  a  drop  of  it  at  the  end  of 
«  glass  rod  is  briskly  iMfitat^xl,  it  soUdifles  by  the  cold  prf>duced  by  its  own  erapora- 
tion.  It  is  neutnd  to  vej^etable  colours,  very  sparingly  voluble  in  water,  but  diMolrea 
in  all  proportions  in  alcoAof  and  rthrr.     It  dissolvf^i  trilphur,  phosphorus,  and  iodine, 

Denrmpotition*. —  1.  JIcTcaptan,  boiled  witli  motlorstely  stmng  nitric  acid,  acqnirea 
a  r«?d  colour,  an  1  after  &  while  deposits  a  pi^iulmr  oil.  On  continuing  the  ebullitionf 
the  oil  disappears  and  ultimately  fthylsulphurr^us  acid  is  obtained. 

2.  Mercaptan,  heated  in  a  scaled  tube  with  tritthylte  disu/phophoaphatr,  yietdg 
■olphide  of  ethyl  and  dietbylic  disidphophosphate : 

(PS)"  m»   ^    CTI»>„_CH'J,^      (PS)-    >0> 

8.  With  ptntatulpMde  of  phurphonu,  it  forma  triethylic  and  diethylic  tetrasulpho- 
phoepbatee : 


s»+  2n»a 


^L.  Carina,  Ann.  Ch- Pharm.ciil  190.) 

4.  PotOMium  and  sodium  eliminate  hydrogen  from  mercaptan  in  the  same  munner 
MS  from  alcohol,  and  form  analogous  fluba^i^lltion-ppcM^uctB,  viz.  the  Bulphet  hylates 
of  potassium  snd  sodium.— 5.  The  olcohohc  solution  of  niercHptRn  prc<'ipitatea 
many  met>dlic  .Halts,  forming  a  yellow  precipitate  with  kad-salt*,  and  white  prcdpitiitoa 
with  cvpric  acetate,  vurcurie  softs,  and  frich/oridt  o/r/'»/d.  These  precipitates,  which 
are  fomed  from  mercaptan  by  the  «nb«titution  of  a  metal  for  one  atom  of  bydroptn.  an(S 

M  .N  2 
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Luve  th*  genwal  ibrmtiln  C»H»M.8.  are  caUfd  Su  IphetbyUtes,  Ei  h ylaulpbid.^ 
orMercaptides.  Thi«  general  formula  likewiae  indudea  certaiD  dvultle  kulpbw 
ethere  auatogous  to  the  doable  ethylio  ethen  (p.  642). 

SulphetkylatfofAmyK  C'H'*S  -  C'H*.C»H"^. —Prepared  by  henting  1  aMri- 
ethylic  diaulphophojtphate  with  2  at,  aroylic  alcohol  to  160°  C.  till  the  Titreooa  cu^ 
which  i*  depuaited  no  longer  iDcreaaefl  ja  ToLume : 


(psri  o» 

(C*H»)*(  S 


•I-    2 


-I-rtirth>1lcdl- 
fulpli«{>hMpbat«. 


AmjrUe  tkohol. 


C»H' 


S    + 


SulphethvUte 
of  amjrl. 


(psr  > 

Ani;l«>-di<pth7lic 
tul|>hopboip4iat« 


0»  +  HK) 


Tbe  ethereal  liquid  which  floats  on  this  maas  ia  decanted  and  distilled ;  the  ykpaH 
which  paeaes  over  between  120°  and  140°  C,  ia  dissolved  in  aevejal  time*  ita  Toluma  of 
aleohol  and  precipitaled  by  water ;  tbia  treatment  ia  repeated  aeveml  times ;  and  the 
product  i«  finally  wasbtKi  with  water  till  it  ia  quite  free  from  aniylic  alcohoL 

Sulphethylate  of  amyl  is  a  coburleaa  liquid,  smelling  like  salphide  of  ethyl,  and 
anlphide  of  amyJ.  It  bo'ila  at  132<>— 135-8^  C.  (corrected),  under  a  ppewnreof  TdS  ma. 
V,i pour-density,  oba.  -=  4-4954  ;  calc  »  4-5606.  Ita  alcoholic  eolation  forms  a  white 
procipitnte  with  an  alcoholic  solution  of  mercuric  chloride.  (CariuB,  Ann.  Ch,  Phann. 
exix.  315 ;  Rep.  Chim.  pur.  i&uz,  p.  172.) 

Sulphethylate  of  Copper  ia  obtaioed  as  a  white  gelatinona  piwapitAte  oo  mixiii^ 
the  alcoholic  aolutions  of  tnercaptan  and  cnpric  acetate ;  also,  as  a  oearlj  colooilea 
masB,  by  digesting  finely  pulverised  cnpric  oxide  with  mercaptan  in  ft  cloaod  Ttaad 
The  salt  when  dry  burn*  in  tbe  flame  of  a  candle  with  a  bluiah-greeii  light.  It  is  KM 
decomposed  br  boiling  potash ;  forms  a  colourleeA  aolntton  with  modeo^tely  i<nflgfay> 
drx^hloric  acid ;  and  alasolvna  sparingly  in  alcohoL 

Sulphethylate  of  Gold,  C'H'AuS. — Obtained  as  a  white  gelatinous  precipitate 
on  mixing  fJie  dilute  alcoholic  solutions  of  auric  chloride  and  roercuptan  (I  pt.meKa|>> 
Ian  disaolved  in  70  pta,  alcohol  with  1  pt.  chloride  of  gold  in  20  pt*.  alcohol).  SdM 
tnchloridp  of  gold  is  -riolentiy  aftacked  by  m«>rcaptH.n,  the  mass  b^^ming  ^ttj  hot  sad 
giving  off  birge  quantitiea  of  hydrocyoric  acid.  Oxide  of  gold  is  still  more  TiolMitly 
fltuicked.  the  mercsptan  Boimetimes  taking  fire,  and  a  black  instead  of  a  white  prodoct 
biMng  obtained.  As  the  compound  produced  in  theae  reactions  is  not  (C^'/Ao'V. 
but  C'H*AuS»  it  follows  that  chlorine  or  oxygen  must  be  set  free,  as  ahowa  by  tl^ 
equation : 

C'H'S  +  AuQ*  -  C=H»AuS  4  HCl  +  Cl«; 

and  thin,  acting  on  another  portion  of  the  mercaptan.  doubtb>fia  g^irea  rise  to  tfct  gmt 
hi>ar  evoked  when  the  materials  are  used  in  the  undiaaolred  »tate. 

Sulphethyluteof  gold  remains  white  when  heated  to  190*  C. ;  at  225°  it  begiasto 
torn  brawn  and  gives  off  a  yellowish  liquid  (probably  diaulphide  of  ethyl\  itDaoaoah 
pnnied  by  gas,  and  leares  metallic  gold.  It  is  not  decomnotied  by  potaak,  or  Wai^ 
phuric  or  kydrccUorie  acid.     Ifitric  acid  dpcomposes  it,  witb  violent  evolution  of  gm 

Sulphethylattof  Lead,  obtained  by  procipitation  fK>m  alcoholic  aolntioM  «f 
mercaptan  and  acetate  of  lead,  is  white,  cr)»tftllinc,  soluble  in  exceaa  of  tha  laad-«uU> 
tion.  It  blackens  by  heat ;  does  not  appear  to  be  deoompoted  by  potasih.  Kitnte  ef 
lead  is  not  precipitated  by  mercaptan. 

Sulphethylate  of  Mercury  (mercuriciim).  C*H'HgS,  or  (C'H»)*Hg"S«  (aowd* 
ing  us  the  atomic  weight  of  mercury  is  taken  at  100  or  200 ). — This  compound  is  quiell 
formotl  on  bringing  mercuric  oxide  in  contact  with  mercaptan,  either  pure  or  <" 
in  alcohol,  thi^  action  being  attended  with  great  evolution  of  heat.  It  is  a  ^ 
cryatalline  mass,  unctunns  to  the  touch,  melting  at  %o^.,  inoilorons  even  in  tbs  tu 
state.  It  dissolves  in  12  or  Ifi  pts.  alcohol  of  84  per  cent,  and  separates  on  cooling  n 
white  scales  having  a  silvfr}-  luatre.  When  heut«»d  above  its  melting  poiiit»  it  tsm 
yellow,  eahales  an  intoxicating  odour,  and  gives  uff  metallic  mercury.  At  130*  C  it 
gives  off  an  oil,  which  appears  to  be  disniphide  of  etbyL 

Sulphethylate  of  men'ury  is  not  decomposed  by  aqueous  potash;  but  aqaeoassa/^AiiJf 
ofpotoisittm  separates  sulphide  of  mercury  from  it,  forming  a  solution  which  eoutates 
the  sulphethylatee  of  potaa-sium  and  of  mercury,  probably  combined  in  a  dottblea 
This  solution,  when  boded  and  evaporated,  yields  a  white  precipitate  ;  on  additia 
ttcd-*alt*,  a  yellow   precipitate;  with  sulphide  of  potassium,  a  grey,  insolabls  ( 
pound.     Sulphydrie  acid  decomposes  it  completely,  forming  sulphide  of  mrrrvty  ( 
Rolphydrate  of  ethyL     Dilute  hydrcchloric  acid  dissolves  it  slowly  at  the  boiling  h 
and  deposits  it  sgsiin  on  cooling  in  crystals  having  a  strong  lustre.     Strong  nitric  i 
decomposes  it,  with  violent  evolution,  of  nitruus  viipours,    forming    a  solution 
which  water  throws  down  a  colotirlpss  oiL     Metallic  lead   inu(H*rse«l   in   the 
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wait  throws  down  metallic  meicniy  and  forma  •ulphide  of  ethyl,  lul^hida  of  lead,  aod 
leiKl-iunitlgsim. 

A  cumpound  of  «ulpkethylatf  and  eUoride  <tf  twreury,  (C*U')*Hg"S'.HgfCI'.  is 
oblAiDed,  on  mixing  an  alcoholic  solution  of  mercapt&n  with  mercaric  chlorido,  aa  a 
whitfi  bulky  priH!ipitate,  ehangiDg  ufter  a  while  to  a  ma«8  of  orv&tiillirie  biminie.  It 
is  but  eparingly  soluble  ia  water  untl  iti  clhef ;  boiling  alcohol  <Ii8*j|vos  it  somewbit 
more  freely,  and  depoeitii  it  in  thin  cryfttalline  lamina!  on  cooling.     (Debua.) 

Sufphrtkyfatr  of  Mfthtfl.  C*H»S  -  C'DVCH'.S. -This  compound,  the  analogue 
of  WilliamiHon'fl  ethylmptJbylic  «thpr  (p.  6i2),  ia  obtained  by  heating  a  mixture  of 
tricthTiie  diBulphophosphate  wiUi  twice  ita  volume  of  metbylic  alcohol  in  a  Mealed  tube 
to  160<*  C,  cjuv  being  taken  not  to  exceed  that  temperature.  The  rfaction  it  complete 
io  a  few  hours,  the  tnlxn  then  containing  a  browniah  ethereal  liquid,  which  is  nearly 
pure  ealphcthyhite  of  methyl,  and  •  ae«iiy  coloarleM,  Titrcoiu  ouaa.  conaiflting  of 
diethylic  eulphophD«iphut(.-: 


I 


\ 
I 


rs 


(C'H'fi  8 


(CH»)».Hl 


The  reaction  ii  always  attended  with  the  formation  of  aecondaiy  produeta,  reault- 
ing  chiefly  from  the  diM.N>mpoAition  of  Ibe  diethylic  sulpbophoaphate. 

Sulphethylate  of  melhyL  puri^ed  by  rectification,  ia  a  coloorleflo,  very  mobile  liquid, 
baring  an  odour  mora  like  ttuit  of  methylic  than  of  ethylic  anlphide.  It  boils  at  66-8*^ 
— iS-fi*  C.  (corrected)  under  a  pressure  of  787  mm.  Vaponr-dlensity,  obwerved  «=>2'6i>9  ; 
calculated  »  2*62fiS.  It  form!*  cryBtalline  compounds  with  metallic  chlorides.  Itm 
nlc<»li(>Uc  aolntioD,  mixed  with  alcoholic  mercuric  chloride.  forra«  a  precipiLiti"  conaieting 
of  amall  acalea  baring  the  composition  (^H'S-Hg^CP,     (Cari  ng,  foe.  cil.) 

Sulphetkylaie  of  Platinum^  (C»H*)*Pt"S*.  ia  a  light  yellow,  muddy  precipitate, 
obtained  by  mixing  the  alcoholic  solutiooa  of  mercaptan  and  dichloride  of  platinum, 
the  Latter  not  in  oxc««s. 

Bulpktthylatt  of  Potattium.  ia  produced  by  the  action  of  polaasium  ou  mer- 
Cftptan  (aulpfaethjlate  of  hydrogen )l  It  la  a  dull  white  granular  mana,  very  ttolublo  in 
water,  leaa  aolnble  in  aleohoL  it  may  he  heated  eonHiderably  above  lOO*^  C.  without 
deoontpoting,  bat  a  very  atrong  heat  carboolaee  it  Ita  aqueoua  aolution  likewise  de- 
«ompoae«  and  blackens  on  exposure  to  the  air.  Hydrochloric  and  dilute  aulphuric  aeidt 
deoompoae  it,  with  briak  effervejsceac^.  The  recently  prepared  aqu^our*  solutiou  pre- 
cipitates tead-saJit,  yellow  in  the  cold,  white  on  boiling.  The  partially  decomputx-«l 
folutioo  forma  a  brick-rod  procipitjtte  with  fiiprr-talts. 

Sulphethylate  of  Silver  is  the  white  precipitate  formed  oa  adding  nitrate  of 
flilrer  to  the  aqaeoua  solution  of  mercaptan ;  but  it  appears  always  to  retain  a  portion  of 
nitrate. 

Sulphethylate  of  Sodium.  —  Prepared  like  the  potaaaium-salt.  Diaaolres  eaail/ 
in  water,  tartaiag  an  alkaline  liquid. 

Znt^*  Indifferent  SulphurtiUd  OiL 

Zeiae,  in  preparing  the  ffolphttr-compHDunda  of  e^hyl,  obtained,  on  seTeral  occaaions,  a 
prcnliar  oil,  which  he  sometimea  distinguishes  by  the  epithet  indiffermt^  and  which 
diflera  from  protooulphide  of  ethyl,  from  mercaptan,  and  from  diaolphide  of  ethvL 

This  oil  ia  formed  in  amall  quantity  in  the  preparation  of  mercaptan  from  sulpnydrata 
of  barium  and  aa  ethylHuIphate,  and  consequently  the  mercaptan  requires  to  be  purified 
ttavn  it.  In  the  prfpumlioii  of  dipulphide  of  ethyl  from  iHsiiIphide  of  barium  and  an 
ethylaulphute,  small  quantities  of  this  indifferent  oil  likewise  pass  over  with  the  disul- 
pbide  of  ethyl.  It  ia  however  obtained  in  greatest  abundance,  minvA  with  jibout  ^  mer- 
captan, by  distilling  1  at.  nrotoRulphtde  of  burinm.  with  a  concentrated  ^olutioti  of  I  ut. 
ethyLnolpnate  of  Imrium.  The  mixture  becomes  turbid  at ftO^C,  then  gummy  and  covered 
with  scum  ;  at  the  end  of  the  distilktion,  nothing  remains  bat  sulphate  of  barium.  If  t<x> 
much  water  ht  added,  the  whole  of  the  oil  remains  dissolved  in  the  watery  distillate.  The 
oily  mixture  of  this  imlifferpnt  oil  and  miTcaptan  which  paa^es  over  with  tlie  wntory 
distillate  (which  is  free  from  alcohol)  bcions  to  k'il  Ht  70  C,  but  the  boiling  point 
grnduully  riaes  tf)  102"^;  by  repented  fractional  distillation,  it  may  be  eej>arated  into  a 
more  volatile  portion,  the  memiptan,  and  a  less  volatile  portion,  the  ir  liflerent  oiL 
The  latt-er  may  be  freed  from  the  last  portions  of  mercaptan  by  agitation  with  WHter 
and  oxide  of  lead,  and  from  wntcr  by  n^titication  over  chloriiie  of  calcium.  It  is  a 
frunsparent.  colourle*is,  neutnJ  oil,  of  8i.ecilir  gnivity  0  B44S>  at  IS**  C.  Its  odour  re- 
st^mblcj*  that  of  mercaptjin,  1-ul  ia  weaker  ajui  Ims  ethereal.  It  bums  with  a  redder 
flame  than  mercaptan,  producing  a  larger  quantity  of  sulphurous  anhytlride.  It  ia  more 
•olable  io  water  than  mercaptuji.     Its  alcoholic  solution  produces  no  turbidity  in  lead- 
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or  mercary-talts.     It  contains  223  per  c^nt.  enrljon,  10-8  hydrogen,  and  28*0  Bnlphac, 
approximating  to  thf  formula  C'H'*SO'  s  mprcaplan  +  8  aL  w»ter. 

STBTXi,  TSX.X.t7Kn»a  01>,  or  TBLX.tni£TXrSX.  C^H'Te  «=  (C^*)*Te. 
Tellitrhydric  or  Hi/droitUurie  Ether.  (Wohler,  Ann.  Cli,  PhajTn.  zut.  HI  ;  lixxir, 
69.— Mallet,  if>id.  Itiix.  223 ;  Chetn.  Soc  Qti.  J.  t.  71.) — This  compound  is  fonn«l 
by  the  action  of  telluride  of  pot&ssium  on  ethylsulpliate  of  potaasium  : 

2(C*H',K.S0*)   +   KTe  =  2K»S0*  +   ((7H»)»Te. 

Prt~parntton, — TellunJe  of  potassium  is  prepared  by  mixing  1  pL  of  toUarinm 
powder  witli  10  pta  of  burnt  tartar ;  iuUijilucin^  the  mixture  into  a  porcelain  wtort 
lUted  with  a  gloas  tube  beat  downwardn  at  right  anples  ;  heating  the  retort  to  TedneM  for 
three  or  four  hours — as  long^  indeed,  as  carbonic  oxide  eoritiiiueH  to  escape;  and  llim 
inlrodmcing  tlie  end  of  the  beat  tube  into  a  flask,  tilled  with  carbonic  anhydride^  to  prrrent 
acc«M  of  air.  As  soon  as  the  mixture  is  quite  cold,  a  concentrated  solution  of  ethyl* 
sulphate  of  potassium  (3  or  4  pte.  of  the  solid  salt  to  1  pt.  of  tellarium)  preparwl  with 
Wiiter  freed  from  air  by  boiling,  is  f>oiin?d  into  the  retort,  which  is  then  tightly  corked; 
and  the  whole  heated  for  some  time,  with  confltfjijl  agitation,  to  40"  or  &(P.  The  recalt- 
injj;  purple  sohitiou.  tojiethor  with  the  undissolred  portion,  is  then  quickly  poured  into  a 
flask  previously  tilled  with  carbonic  anhydride ;  the  retort  again  tilled  with  the  same  gn; 
H  Hrnull  quantity  of  the  bolution  of  ethylaolplwte  poured  into  it  (a  portion  having  beca 
Kt'pt  ImcIc  for  the  purpoae);  the  retort  again  cto«ed;  and  the  digestion  repeated.  ThMi 
precautions  are  nece«aary  to  prevent  loss  of  telluride  of  potassium  by  oxidation.  TW 
flusk  in  then  connected  with  a  condenaing  tube  and  receiver,  and  the  nuxture  k^t  CMh 
«tantly  in  n  »\A\e  of  gentle  ebulljti«tn.  The  flask  then  becomes  filleid  with  the  rellos 
tHpour  of  tcUiircthyl,  and  that  compound  distils  over,  topether  with  water,  in  wnich  if 
sinks  in  drops.  Fimdly,  when  ttbout  j  of  the  luonotelluride  of  ethyl  has  passed  or«, 
a  small  quantity  of  ditelluride  is  likewise  obtained,  differing  from  the  iMrmerby  it*  blsck- 
red  colour. 

Properiiea. — TeHurethyl  b  a  deep  yellowish-red  liquid,  heavier  than  water,  and  hc>4l- 
ing  below  lOtl"^  C.  It  has  a  atronp.  very  peraistent,  and  extremely  disgusting  oduiu, 
like  that  of  stdphide  of  ethyl,  or  telluretted  hydrog*  n.  It  appesns  to  h*  very  poiscdt^u. 
Its  vapour  hae  a  deep  yellow  colour.     It  is  but  slightly  soluble  iu  water. 

Dfcowpimtions. — TeHurethyl  is  very  inflnmmable,  aud  bums  with  a  cl^ar  white  flamr 
bordtTcd  with  light  blue,  giving  off  thick  white  fumes  of  tellorous  acid.  It  retn^tcs 
tinnltered  under  water,  but  when  expos^-d  to  the  air  become*  covered  with  a  ydlo»I^Jl, 
and  ttft/erwairds  with  a  white  film,  and  is  nltiuiutely  converted  into  a  white  earthy  nu>«. 
In  sunshine  this  oxidation  takes  place  much  more  quickly,  and  is  attended  with  tlijtit 
faming;  but  no  fire  is  produced,  even  in  oxygen  gas.  Tellurethyl,  treated  with  ntfrir 
tit:id^  causes  violent  evolution  of  nitric  oxide,  and  forms  a  solution  from  which  aqvoH 
hydrochloric  acid  throws  down  a  heavy  colourless  oil.     (Wohler.) 

Co»ihinati>me. — Tellurethyl  exhibits  the  properties  of  a  di&tomic  radicle,  o&itiag 
with  eldftrine,  oxygen,  and  acid  radicles  in  general  to  form  salts.  The  nitritt  it 
obtaineil  by  treating  tellurethyl  with  nitric  acid;  tlie  other  salts  by  double  decomposi* 
tion. 

Bromide.  C*H"TeBr».— When  a  aolation  of  the  nitrate  or  the  oxychloride  of  t4> 
larethyl  ib  mixed  with  hydrobromie  acid,  the  bromide  separates  ia  the  form  of  aptk 
yellow,  Ter)'  heavy,  inodorous  oil. 

Chloride.  C*H'*TeCl*. — Obtained  by  mixing  a  solution  of  the  nitrate,  not  cwntiia- 
ing  a  great  excess  of  nitric  acid,  with  strong  hydrochloric  acid  in  a  narrow  cylindridi 
T^weL  The  mixture  becomes  milk;  at  liit«t,  and  after  a  while  the  chloride  sinks  to  ibt 
bottom,  in  the  form  of  a  heavy  oil.  It  muy  be  washed  with  water,  though  it  is  scnar- 
what  soluble  in  that  liquid,  and  also  in  titrong  hydrochloric  acid.  When  the  Itttv 
solution  is  evaporated  ut  a  gentle  hi^t,  the  chloride  sepanttea  in  oily  drops  (Wohler, 
Mallet).  The  chloride  is  also  precipitate*}  »»  an  oil  on  adding  hydrochiorie  or  «!• 
phuric  acid  to  a  solution  of  the  sulphate  or  oxychloride.     (Wohler.) 

Transparent  and  colourless  oil,  heavier  than  water,  and  having  an  unpleasaot  odoR 
May  bediitilled  without  decoinposition,  but  appears  to  have  a  very  high  hoililig>pttBl, 
for  when  diKtilled  with  water  it  passes  over  very  slowly.  Oxide  of  sjlrer  dnn^njpni 
this  compound,  converting  it  into  oxide  of  teUaretbyl.     (Mallet.) 

Fiuoridf. — Hydrofluoric  acid,  added  tn  »o]utions  of  the  oxychloride,  thzovi  dswn 
fluoride  of  tellurethyl,  while  a  soluble  fluorine-compound  remains  in  solution  and  w^ 
be  crystallised  by  eTupnratiou.  The  same  compound  is  obtained  bj  treating  oxide  « 
tellurethyl  with  hydrfifluoric  acid.     (Wohler.) 

Iodide.  C*H"TeR— Formed  by  mixing  a  solution  of  the  nitnte,  oiychloride,  et 
njiyhromide  with  hydriodic  acid,  or  by  supersaturtiting  the  chloride  with  this  soi 
The  iodide  separates  In  the  form  of  *  very  oeautifhl  orange-coloured  precipitate^  whkfe 
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vhra  vuhed  imd  dried  fonos  vx  oran^-7«Ilov  powder.  Beat«d  is  irater,  it  melto  «i 
60°  C.  to  •  heavy,  yellovifih-red  liquid,  which,  on  coolinXt  aolidiflfa  to  »  jellowi«h-rcd, 
Dptqne,  acmlr.  crystalline  maw,  which,  like  mica,  may  M  TCfy  «ainlj  broken  in  tlie 
direction  of  the  cleavHge-plane.  Dianlrea  flptiringly  ia  water,  but  readily  in  hot 
alcohol,  from  which  it  crystalliitM  in  long,  thin,  omni^e-jellow  prijims.  Wlu-n  heutitl 
above  its  melting  point  it  decomposeti,  yielding  a  veilowiflh-red  oil,  a  black  Rubliniiit«v 
«Dd  metallic  teliurium.  If  a  partially  decomposed  aoiation  of  hydriodic  add  W  uaed 
to  tbe  preparation  of  this  body,  an  almoat  blood-red  prtcipitate  ia  obtained,  moit 
|i(obal4y  containing  a  higher  iodide. 

Nitrate.     C*H«Te.(NO*J*  -    .  J,^^' -jo*.— ObUined  in  the  form  of  a  whlt^ 

eryBtalluie  maas  by  disaolvinc  tellurethyl  in  moderately  strong  nitric  acid,  and  erspo- 
rating  to  diyneaa  at  a  gentle  heat.  This  salt  burna  away  like  gunpowder  when  beat  ed. 
It  diMolves  readily  io  water.  AJkalis  added  to  the  loltttion  form  no  precipitate,  ^m- 
owe  the  oxide  of  telluzethyl  ia  soluble  in  water.  Sulpharoos  acid  separate*  tellt1^- 
ethyl  in  dark  ted  drops.  Solphorptted  hydrogen  throws  down  the  stdphide  (p.  1283). 
Hydrochloric  acid  precipitates  the  chloride.     (Mallet) 

Ozalatt  (basic).     ,^^,*.^[o*,— Obtained  by  digcrting  the  oiqrchlorido  with 

water  and  excess  of  eilrer-nxalate.  Bhort,  transparent  prisms,  sparingly  soluble  in 
water,  with  acid  reaction.  When  heated,  it  moltj>,  Ixiila,  gives  off  tellorethyl,  forma 
a  erystdiine  sublimate,  and  tt^aves  a  residue  of  leliurium. 

Oiidr.  —  Not  yet  obtained  in  a  state  of  purity,  its  isolation  being  always 
attended  with  partial  decompoaition.  It  may  be  obtained :  1.  By  direct  oxidation 
of  the  alcoholic  solution  in  the  air;  the  process  is  however  very  slow  and  dot's  not 
afford  a  good  mode  of  preparation  (Mallet).— 2.  By  treating  the  chloride  immersed 
in  water, with  recently  prccipiUited  oxide  of  silver,  which  immNliatt-ly  acts  upon  it  with 
apontaneoiu  evolution  of  he^it,  and  is  converted  into  chloride.  The  filtered  liquid  is 
an  aqueous  solution  of  oxide  of  teUurctbyl  fit>e  from  silver  and  chlorine.  By  evapora- 
tion St  a  gentle  heat,  the  oxide  is  obtained  as  a  white  maws,  having  a  very  di^tinct 
crystalline  character  (Mullet). — 3.  Wohler,  by  dig«'«ifinpa  eolution  of  the  cryslHl- 
li*ed  oxychloride  with  recently  precipitated  oiide  of  eijver,  found  that  chloride  of 
silver  was  immediuiely  formed  ;  but  tlie  liquid  did  not  filter  well,  the  exotm  of  oxide 
of  silver  runuinf  through.  On  evapomting  it  in  the  wattr-bath  to  a  sjTup.  it  begsn 
to  smell  of  teUurrtliyl,  and  the  undissolved  matter  turned  blacL  On  dilution  with 
water,  it  filter«d  clearly,  but  the  Bolutioa,  when  again  evaporated  to  s  syrup,  emitted  nn 
odour  of  t^lluretb^l  and  ht'gan  Muddenly  to  give  off  a  eaa  (carbonic  anhydride  absorbed 
from  the  air)  with  effervescence.— 4.  A  solution  of  the  sulphate  was  decoDipow'd  with 
a  hot  saturated  solution  of  baryta-wuter,  the  excesks  of  haryfn  removed  by  carbonic 
add,  the  liqoid  healed  soma  time  to  expel  the  carbonic  acid,  and  then  filtered.  The 
■olttdoa,  when  evaporated  over  the  water-bath,  smelt  constantly  of  t<>Uureth}-I,  and,  as 
■oon  sa  it  was  brought  down  to  the  consistence  of  a  syrup,  gave  off  gas  with  effervee- 
eeoee.  The  same  evolution  of  gas  was  fluh«eqnently  pKjduced  io  the  cold  man  by 
stirring  it.     The  Mmp  r»»*Jdue  i>xhihited  sipns  of  mj-t^iHinHtion.     (Wohler.) 

The  crystalline  oxide  obtained  by  Mallet  decomposed  when  heated  in  a  tube,  yield- 
ing metallic  tellurium  and  an  oij  having  a  very  ofli-uttive  odour.  In  the  air  it  burned 
with  the  blue  Oami?  of  tellurium  (Mallet).^ — The  solution  of  the  oxide  has  an  alkaline 
reaction,  and  when  mixed  with  hydrochloric  acid,  yields  chloride  of  teUuretbyl  in 
eolourlees oily  drops  (Wohler,  Mallet).^  Yields  a  crystalline  salt  with  nitric  acid. 
(Wohler.) 

Oxyhrom.  idt.      (C*fl'«Ta)*  j  ^   =  C^U  ••TeO.C*H'tciBr».-Obt«ined  by  dissolving 

the  bromide  in  sninionia.  Ciystallisee  in  ahioing,  colourless  prisms,  of  the  same  form 
M  the  oxychiotide. 

Oxychloride.     (C'fi'*re)*!*2*  =  C*H'*TeO.C*H^»Tea-.— Obtained  by  dissolving 

the  rlilori^lr  in  caustic  ammonia  or  potash,  and  evaporating  the  solution  till  it  crystal- 
lise. It  is  better  to  add  ammonia,  because  an  exccas  of  it  does  not  decompose  the 
product.  The  salt  crystallises  easUy  as  the  excess  of  ammonia  evaporates  The 
TU other-liquor  containa  sal-ammoniac  or  cliloride  of  potsssinm: 

2C*H'»TeCl'  +   K-0    -  2KC1   >   C*H'»TeO.C*HWTeCl«. 

Colourlei^,  highly  lustrous,  six-sided  prisms,  soluble  in  water  atad  aloohol ;  a  toIudoD 
of  the  comporund  in  hot  al<»hol  yidds  very  beautiful  oystahk 
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Hydrochloric  add  added  to  solutions  of  tliia  compound  thrown  down  colom-lMS  oilj 
cMoride  of  t«lliu*eUijrl,  it  »maU  qunntitj  of  which  remains  in  solutiun.  Sulphuric  wid 
aUo  precipitat«fl  tb«  chloride,  while  Hulphnte  of  tt^Uuirethyl  remains  in  »:iJati<«i,  and 
from  this  the  chloride  may  bo  precipit»ited  by  hydrochloric  add.     (Woh  1  ♦r,) 

Oxyiodide.    (C*H'»Te)'  j^  -  C<H'»TeO.C«H'*TeI'.— Obtained  by  dissolving  tha 

iodide  in  Hmmonia  and  leaving  tho  solution  to  praporate  spontanpoa^ly.  CrystalliMi 
rertililv  as  the  ammonia  rolMtinea,  in  pale-Tellow  transparent  prism",  i»otnorphoai 
vntli    the  corresponding  chlorinp  and  bromine  compounds.     Thesv    cjr.  -  u9 

orungp-vellow  on  the  surface  when  eipost'd  to  the  air.     They  are  but  »f>i  i  !» 

ill  pure  water,  but  dissolve  freely  in  wat^r  containing  excess  of  ammoiiu*.  n  .-i/o- 
chloric  ficid  udd^d  to  the  aqueous  (lolution  throws  down  a  heavy,  ypUowLah-red  mixttm 
of  chloride  and  iodide<  of  t(41ur<-tliyl.  Sulphuric  acid  throws  down  the  ormnge-yeUov 
iodide ;  and  hydrochloric  acid  added  to  the  liltrate  separates  the  coloarleas  chlorida. 
Sidphurous  acid  precipitates  from  tho  solution  of  the  oxyiodide  aa  easily  fusible,  seaii- 
■olid  mixture  of  tcUurethyl  and  the  iodide. 

Sulphate.       /(^Q.x"  JT3  (0*. — Obtained  by  adding  a  hot,  neutral,  aaturated  loh- 

tion  of  sulphate  of  silver  to  a  solutioQ  of  oiychloride  of  tellurethyL  as  long  as  any 
chloride  of  silver  is  formed. — CrystaJlisea  in  groupa  of  imall,  short,  colouxleas  prrtBin^ 
easily  soluble  in  water.  Sulphuroua  acid  pnecipitatea  from  it«  solution  a  yellow  oily 
body,  of  a  most  disagreeable  odour.  Chloride  of  barium  throws  down  sulphate  of 
barium  and  reproduces  the  oxychloride. 

SulpAide,  C^H'TeS. — Sulphuretted  hydrogen  passed  through  a  solution  of  the 
nitrate  throws  down  an  orange-coloured  precipitate,  wbich  on  heating  the  liquid  metti 
into  black  drops.     (Mallet.) 

TtUurida  of  Tellurtthyl  or  Diielluride  of  Ethyl,  C*H'*Te*- — Thia  eom- 
pound  wasflret  obtained  by  Mallet  in  endeavouring  to  prepare  telluric  mercaptao  by 
saturating  an  aqueous  eolution  of  telluride  of  poT&siiium  and  ethylsulphat«  of  barion 
with  telluretted  hydrogen,  and  distilling.  At  first  nothing  but  tellurethyl  passed  otw; 
but  on  applying  a  strou^r  bent,  aoother  liijuid  distilled  oTer,  having  a  much  greater 
density  and  higher  boihng  point,  and  so  deep  a  red  colour,  that^eveo  in  small  qoio- 
tity,  it  appeared  black  and  opaque  like  bromine.  It  likewise  possesses  an  extremelj 
ofTenflive  odour.     (Mallet.) 

The  same  compound  is  obtained  in  small  quantity  in  the  preparation  of  teUorathjr] 
by  the  method  given  on  p.  hbi).  Wh«>n  about  \  of  the  tellurethyl  haa  passed  orer,  a 
small  quantity  of  the  ditelluride  likewise  du<ti]»  over,  diiitinguished  by  its  deep  ted 
colour.     (Wtihler.) 

BTKVXACETAHrxSB.  C*H»NO  =  N.H.C^H\C»H»0.— Biacorered  by  Warti 
in  185lt  (Ann.  Ch.  Pbys.  [3]  m.  491  ;  Compt,  rend,  xxxri.  180).  It  is  obtainid: 
I.  By  adding  acetate  of  ethyl  to  aqueous  ethylamine,  and  eyaporating,  first  OfTsr  ths 
water>bath,  then  in  vacuo: 


C*HK>.C*H*.0 

Aertate  of  ertiyl. 


EthfUmlne. 


N.H.C«H».C*H>0 

EihfUcvUmids. 


C«H«0. 

AlcolioL 


8.  By  the  action  of  cyaaate  of  ethjl  on  glacial  acetic  add : 


C»H»O.H.O 

Ac«Uc  actil. 


N.(CO)'-.C'H» 

Cjruitlc  ecl<«r. 


N.H.CH'.CTPO    + 

ECh>lM«uinid«. 


CO*. 


ft  is  a  colourless,  syrupy,  tincrystallisable  liquid,  which  boils  at  200°  C,  distiOiat 
almost  without  decomposition.  It  is  decomposed  by  potash,  yielding  ethylsLmine  sal 
acetate  of  potassium,  and  hy  phosphoric  anhydride,  with  separation  of  carbon. 

Btb^iaiMetamide.  Cm"NO*  =  KC'H».(C'H'0)'.  (Wurtz,  Ann.  Ch.  Phw. 
[3]  adii.  43.)— P reduced  by  heating  cyanate  of  ethyl  with  acetic  anhydride  in  a  B«»I«d 
tube  to  180°— 200^0.: 

(C'H«0)»0  +  N,(CO>".CH*  -  N.C»H».(CHMD)»  +  CO«. 
It  is  a  colonrle538  liquid  of  specific  gravity  l"0092  at  20*"  C. 
aTBTXAMIDII.     Syn,  with  ErHTLi^wxR. 
BTHYLABXZVSB  and  STSTXh&MMOnTCmiS.     Oifranie  base*  formed  on 
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ptmntla,  wbieh  arc  formed  on  the  ammonui  type,  are  known  in  the  free  itiite.  lad,  like 
unmonia,  nnite  directly  with  acids,  forming  salts  which  may  be  regarded  as  analogow 
in  ompoaition  either  to  hydrochlorate  of  ammonia  or  to  chloride  of  anunoninm,  e.g, : 

Uydrochlorate  of  ethylamine        >      )  Chloride  of  ethylammoninm 
(N.H«.C«H»>HCI  t  "  (     (N.H».C»H*).CL 

Neutral  ralphate  of  ethylamine     {      )  Neutral  sulphate  of  ethylammoniom 
(N.C«H».H«)".H«0«  J  ■  \     (N.C*U».H»)».SO*. 

Neutral  phoephate  of  ethylamine  {     (Neutral  pho«phat«  of  ethylammoninm 
(N.C-H».H»)».H»PO«  t"i     (N.CH».eVpO«. 

Tetrethylammoninra,  on  the  other  hand,  like  other  ammonium-bases  (i.  194^  i«  not 
known  in  the  fi«e  state,  and  its  salts  cannot  be  referred  to  the  ammonia  type,  ex- 
cepting by  regarding  them  as  compounds  of  trietbvlamine  with  chloride,  sulphate,  ftc 
of  ^n.  €.g.  iodide  of  tetrethvlammonium  N.(C'H*)*J  -  iodethvLite  of  triethylamina 
N.(CH*)'.0^*L  They  are,  in  fiict,  produced  by  the  direct  combination  ci  ethrl-salta 
with  triethylamine ;  but  their  chemical  reactions  are  most  simply  represented  by  re« 
gardiag  them  as  ammonium-  not  as  ammonia-salts. 

There  are  likewise  ethyl-basea  containing  methyl,  amyl,  phenyl,  Aw.,  aa  well  aa 
•thyL 

—i.yi«— <.^.    QtHiN  -  N<    H  .    Etkylammonia,  Etkyiia.  (A.  Warts  [1848], 

Compt  rend.  zzriiL  228  and  823 ;  Ann.  Ch.  Phys.  [3]  xzz.  443.) 

FvrmaHoH, — 1.  By  the  action  of  potash  on  qranate  or  cyannrate  of  ethyl  (Warts) : 


Cy^iwtaof        Hjdrata        EthylamiiM.       Cartwnatoof 
•tbjri.         ofpotaMlani.  pousaiom. 


CjrBiiiirat*  of 
•thyU 

In  the  case  of  eyanuric  ether,  howerer,  the  transformation  into  ethylamine  does  not 
take  place  at  once,  as  the  pnveding  equation  would  indicate  ;  but  by  three  sueceesire 
steps,  each  consisting  in  the  assimuation  of  a  molecule  of  water  and  the  elimination 
of  a  molecule  of  canwnic  anhydriile,  the  intermediate  products  being  an  indifferent 
mly  body,  first  obeerred  by  Habich  and  Limpricht  (pw  293^  and  hydrate  of  triethyl- 
carbotiiamine ! 

0»H«N»0«   +    H'O   -   C0«   -     C^«»N»0« 

Cyinaraia  of  In<4ifllTent 

otbyL  bodj. 

Cm»»N»0«   +  HK)   -   CO*  -     C'H«*N»0 

IndlflipKnt  HjdrateoftrlethjrU 

body.  carbotrbunlno. 

C^»«NK)     +   H»0    -  C0«   -   3CHT? 
Hydnte  of  trlcthyl-  BthyUniiiM. 

orbocriuiim. 

The  same  prodncts  are  sometimes  obtained  by  the  action  of  ethylate  of  sodinm  on 
eyanurate  oi  ethyl,  and  sometimes  on  the  cyanate.  (Hofmann,  Pro&  Boy.  Soc. 
n.284.) 

2.  By  the  action  of  potash  on  ethyl-carbamide  (ethyl-urea)  (Warts) : 

((CO)"  (  H  ,nor  } 

V\  C^»  +  2KH0  -  n]  H     +  NH»  +  ^^J   [V; 

i  H»  (C*H»  ^     > 

and  similarly  according  to  Tnttle  (Ann.  Ch.  Pharm.  ci  288),  by  distiUing  a  mixture 
of  area,  ethylsnlphate  of  calcium,  and  caustic  lime,  or  a  mixture  of  cyanate  of  potas- 
sinm,  ethylsnlphate  of  calcium,  and  slaked  lime. 

S.  By  Uie  action  of  ammonia  on  various  etbylic  ethers^  vis.  on  the  bromide  ov 
iodide  (Warts;  Hofmann, Chem.  Soc  Qu.  J.  iiL  300): 

C«H«Br  +   NH»  -  CH^.HBr; 

tm  tb«  eUaride  (Ororeey  Chem.  8o6  Qa.  J.  xiii  331),  phosphate  (De  Cleraon^ 
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Ann.  CL  Fhyt.  [3]  xIit.  835),  nitrate  (Jancadellft,  OompL  rend,  xlriii  Zi2\  at 
Biilphit«  (CariuB,  Ann.  Ch.  FhuraL  ex.  209). 

4.  By  heating  chloride,  bromide,  or  iodide  of  Mnmoniam  vith  alcohol  or  ether  in 
Kuled  tube*  (Berthelot,  Ana.  Ch.  Phja.  [3]  xuviii.  63): 


C*H» 


NH*C1 


-  Tl"- 


HCT  +   H'O 


:0   +   ZNH'Cl  -   2[^g!JN.HCl]    +    HK) 


fi.  By  the  decomposition  of  sulphpthamic  acid,  that  compound  being  resolreJ  bj 
bfat  into  ethjiamiuf',  nuiphuric  acid,  aad  prububly  olcuhol  and  idetbioaic  add 
(Strecker,  Ann,  Ch-  Pharm.  Ixit.  60,) 


CH»»NS«0« 

Sulphrthjunic 
ACkd. 


+    2H»0 


C*H*N 
BthyU. 
mine. 


+  H«0«  + 

SuJpbudc 
•cM. 


2C»H«0 

Alcohol. 


iMtikluoic 
■eld. 


6.  Cyanide  of  etbyl  left  in  contact  for  eome  time  with  hydrochloric  or  snlphuhe 
acid,  yields  a  salt  of  ethylarainei,  just  as  cyanide  of  hydivgeu  treated  in  the  bum 
manner  yieldfl  a  salt  of  ammoniu,     (E.  Meyer,  J.  pr.  Chem.  IxriiL  279.) 

7.  Whit*  precipitate  (NffHg'Cl)  heated  with  iodide  of  ethyl  forma  a  doubii 
chloride  of  mercury  and  ethjlunmomum,  a  corresponding  doable  iodide,  and  other 
cofapouuds  (p.  636). 


PrtjtmratioHt — 1.  By  decomposing  cyanate  of  ethyl  with  potash,      "nie , 

tekf*  ^flice  at  ordinnry  temppreturea,  and  is  Httended  with  great  evolcttioo  of  beat; 
hence  it  is  beat  to  mix  the  liquids  in  n  bottic  having  a  well  ground  stopper,  which 
tnnRt  be  tightly  seoured,  and  to  cool  the  bottle  extemaJJy.  Tlie  decompositiott  im  eua- 
plete  in  about  five  minutee,  the  Tesael  then  containing  nothing  but  ethjhunine  tod 
Ciirboniite  nf  potus»iam.  The  liquid  is  then  distilled,  and  the  Tapour  of  ethyhusise 
passed  into  h  receiver  containinp:  a  little  water  aud  cooled  extemaUr.  To  obtain  the 
anhydrous  baoe,  the  aqneoas  solution  thua  formed  is  saturated  with  hydrochloric  acid; 
and  the  hydroch lorate  of  ethylimine  crywUillised  by  evaporation,  thoroughly  dried. aid 
gently  heated  with  twice  ita  weight  of  qui(?k  lime  in  a  long  gltLss  tube,  doaed  at  OM 
end.  the  mixture  occupying  the  lower  liulf  of  the  tube,  while  the  upper  half  is  fill«d 
with  fragments  of  caustic  potash  to  dry  the  vapour  of  ethyhunine  aa  it  is  evolved. 
T}ie  dry  vapour  then  passes  throuph  a  delivery-tube  into  a  small  flaak  or  U-tube  mO' 
rounded  with  a  freeaing  mixture,  and  is  tliere  condensed  to  a  liquid,     (Wurta.) 

2.  By  the  action  of  ammonia  on  bromide  of  ethyl.  Strong  ammonia  ii 
enclosed,  together  with  excess  of  bromide  of  ethyl,  in  a  combustion -tube  two  f«eC 
long,  and  the  sealed  tube  is  immersed  in  Ixiiling  wafer.  Decomposition  takes  pim 
quickly,  with  ebullition,  and  is  complete  in  about  a  qiiiirter  of  an  hour,  its  oompletiin 
being  indicated  by  the  volume  of  the  bromide  of  ethyl  remaining  constant  inafafnj  of 
diminishing.  The  tulie  then  contains  hydrobromate  of  ethyiamine,  from  wbkJi  tiu 
base  may  be  obtained  by  diistillation  with  potash  or  lime.  (Hof  mann,  Cbam.Soe. 
Qu.  J.  iu.  300.) 

3.  By  heating  iodide  of  ethyl  with  ammonia  in  sealed  tubes.  The  action  ia 
this  case  is  more  complicated  than  when  the  bromide  is  used,  the  formation  of  ioibds 
of  etbylammonium  being  accompanied  by  that  of  iodide  of  ammonium,  and  of  tht 
iodidea  of  di«,  tri-,  and  tetretbytammomQm,  aa  ahown  by  the  foUowiBg  equatiooi: 

C*n*I     +       NH»     =     (N.C'HrH')!. 

Iodide  of  eltajrtJuriaioDluin. 

2C'H»I     +     2NH'     =     [N.fC*H»)lH*]L     +       NH«L 
ladUe  of  lilethfUmmonluin. 

3C*m     +     SNH*     -     pf.(CTT7.H]L      -»-     2NH«L 

Iodide  of  iTJtthf  Uinnioiitiim. 

iC'H'I     +     4NH*     -     [li.(CH'riI.         +      8NH*L 
Iodide  orictnethTlammoolutn. 

This  uuxtnre  of  iodi  'es  distilled  with  potnah,  yields  a  distillate  consiating  of  ammonis, 
cthjlamine,  drethylamine  and  trieth^lamine(thehydrateof  tetrethvlammoninmfonrMsd 
at  the  same  time  being  resolved  into  triethylamine,  water,  and  ethylene  (p.  661), 
which  it  in  impossible  to  separate  completely  by  fractional  distillation.  The  sepantiai 
msiy  however  be  eflPected  by  subjecting  the  mixture  of  bases  previously  debvdratrd.  ta 
the  action  ci  oxalate  <ff  eihyi,  by  which  thp  ethyiamine  is  converted  into  die<ti^]rloa» 
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■lidci,  and  the  diethjlanune  ioto  dlethjloxAmate  of  etb/I,  while  the  triethjlamiod 
~ — imiu  unaltered : 


(C*0')- 
(CH») 

OkaIIc  ether. 


0" 


Os.t]icetber. 


RibyUmtat. 

(C»H» 

(    H 

l>lelb}Unitna. 


i      H» 

okjiin»de. 


'T(< 


C'H»         p  *      H    ["• 


DivthrtoxHnut*  of 

Mbfl. 


AlcoboL 


On  distilling  the  prodact  of  thia  reaction  at  the  heat  of  thp  WMter-hath,  the  triethf- 
Limint',  which  hna  noi  been  acted  on^  passes  orer  pur<».  The  reflida«  eonsista  of  a  fibrou* 
taasa  of  di^thyloianiide  satonitcK]  with  an  oiJy  liquid,  which  ia  dietbyloxamatf*  of  ethyL 
On  Mibmitting  this  mixtare  to  the  action  of  boiling  wnter,  the  diethjrloxunido  dissolves, 
ami  Ihe  diptlijloxamate  of  ethyl  remains  aa  an  iusoluble  oily  layer  floating  on  the  hot 
■olation,  from  which  it  may  be  sepiiru^ed  by  a  tiip-funneU  Th>>  diethyloxaniide  crya* 
txlliMa  fnm  the  aquecua  aolatiou  ou  cooliDg,  and  when  diatilled  with  potaah,  yielda 
pure  ethylamine : 


N"  (C*H»)« 

oxaimde. 


2KH0       .       2N  \ 


Elhflamlne. 


(CO*)" 

Oaalat*  of 
lioiajiiuui. 


0- 


I 


The  oily  liquid  serves  for  the  preparation  of  diethy lamina,  p.  559.  (Hofma  n  n,  Proa 
Roy.  Soc  XI.  66.  626.) 

4.  From  nitrate  of  ethyl.  Nitric  ether  is  mixed  with  twice  or  three  tinim  ita 
wei^'iit  of  absolute  alcohiW  previously  saturated  with  ammoniacol  gio  ;  the  mixtare  is 
heattni  to  lOOO  C.  for  two  tJuys  in  a  sealed  tube  half  filled  with  it,  then  distiUe,!  with 
exeoDS  of  potui»h;  the  vu  pours  which  pasa  owr  are  rewived  in  hydroetiloric  acid  ;  and 
the  chloriae  of  ethyl-imnuonium  thtis  formed  is  separated  from  chloride  of  aimnoniom 
by  solution  tn  alcohol  (Junc»«lclla).  AcconlinK  to  Carey  L«*a,  aitnWe  of  ctiiyl 
heated  with  ammonia  yields  tjliethylamiae  and  a  small  quantity  of  triethylaniine,  hh  well 
aa  ethylamine.  To  Mrpurate  these  l>aaea,  he  distils  the  cout«ata  of  the  (ul>e  with  potoau ; 
Kceires  the  rapoura  in  dilute  sulphuric  add ;  diasotrea  oat  the  sulphates  of  the  ethyl- 
bases  with  alcohol,  which  l(.>area  sulphate  of  ammonium  tindiB8oh'ed  ;  then  converts 
them  into  picmtes  ;  and  se|uiratea  the  pieratea  of  ethylamine  and  diethylamine  by 
repeated  cry8talli.«i:jtion.  the  ethylamine-salt  being  the  Ie«i8  soluble  of  the  two.  The 
quantity  of  triethyLiniliie  produced  i»  too  small  to  interfere  with  the  process,  unlcaa 
the  reaction  i»  conducted  in  a  particuliir  manner  to  be  nfterwardn  described  (p.  559). 
The  picratea  of  ethylumTne  and  diethylamine  are  decomi)Osed  by  hydrochloric  acid, 
and  the  bases  are  obtained  by  distillation  with  potaah.  (Chemical  News,  r.  118 ;  Rij^ 
Chim.  pure,  1862.  p.  239.) 

J*rvprrtifs,-  Anhydrous  ethyhiminc  is  a  transparent.  poJoutIpm.  rery  mobile,  inflara- 
mablr  liqiiiil,  of  specific  gravity  0  6964  at  8"^  C.  It  doee  Dot  solidify  i*t  tlie  tempera- 
ture of  a  mixture  of  solid  carbonic  acid  and  ether.  BoDs  at  IS?**  C.  (Wurtx). 
Vapour  density  at  43°  and  under  a  pressure  of  773-04  mm.  =  I'SjC?  (laarn)  It  has 
a  rery  pungent  ammoniacal  odour,  a  strong  alkaline  reaction,  and  i«  highly  caustic,  a 
small  drop  of  the  concentrated  aqueous  solution  placed  upon  the  tongue  producing  » 
burning  pain  and  acute  inflammation.  It  forms  vety  dense  white  fumes  with  hydro- 
chloric acid  gusi,  and  makea  a  hiasiog  noise  whirii  strong  hydrochloric  acid  ia  dropt 
into  it.    (Wurt*.) 

Ethylamine  mixea  with  vaier  in  all  proportions,  the  mixture  being  attended  with 
eoDsideruble  rise  of  tempeniture.  The  solution  is  distinguished  frtim  aqneoun  ammonia 
by  a  certain  degree  of  viscidity.  By  conlitmi?d  boiling,  the  whole  of  the  ethylamine 
may  W  expelled. 

The  solution  of  ethylamine  exhibits,  with  many  metallic  salts,  reactions  aimilar  to 
those  of  ammonia.  It  is  however  distiniiuiMhed  from  ammonia  by  r«diaaolving  the 
precipitates  which  it  fflrms  with  solutjoDs  of  aluminium  (Wnrtz),  gold^  and  ruthrnium 
(Carey  Lea),  and  by  not  redissolving  tho.«e  which  it  forms  with  salts  of  cadmiunL, 
nickel,  and  e'tftalt.  The  precipitnte  fonned  with  cM/-rjc  aaltt  is  less  easily  soluble  in 
ethylamine  than  in  ammonia  (Wurtz).  With  stannic  chloridi'^  ethylamine  forms  a 
pnvipitate  very  soluble  in  exceea,  wherean  that  formed  by  ammonia  dissolves  but 
•lowly  in  exc«6»  of  that  alkali.  The  pn-cipitute  formed  by  ethylnmine  in  ^o/</-salta 
ba*  bat  HtUo  resemblance  to  Eliminating  gold :  it  ia  decomposed  by  heat,  but  without 
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detonrttion  (C»Tcy  Lea).  Dichloridg  cf  pfatinnnt  ia  not  immedifttelj  predpiUlrf  hf 
«>t}iyl»niiiii*  from  a  modertttely  concentrated  solution  (Wnrtz).  PhofpkotnolifbdH  atU 
forms,  with  sohition  of  ethybniini^  »  yellow  precipitate  like  that  with  ammooia,  b«t 
morf  soluble  (Meyer). 

B'C'tmpositif/m. — 1.  Ethykmine  vnpoar  paiiMd  through  a  red-hot  porcelain  toh*  it 
resolved  into  ammonia,  hydrocyanic  acid,  hydrogen,  and  a  small  quantity  of  a  faydro- 
carbon. — 2.  On  the  approach  of  a  burning  body,  it  tjikea  fire  and  bums  with  a  yellowiah 
flame. — 3.  Iodine  diK^mposes  the  at^ucons  aolution  of  ethylamine,  forming  hydnodate  o( 
eth>laniijie  and  diniodethylamine,  which  eannot  be  diatilled  witooib  d«oom{Kv 
■ition : 

2C*H'N  +  I«  =  HI  +  C»H*N.RI  +  C\H»I«)N. 

Bromine  and  chlorine  act  in  like  manner. 

4,  Nitrous  acid  decomposea  ethylamine,  with  formation  of  nitzooa  ether  and  &«• 
nitrogen: 

CHTT  +  NK>»  -  CE^JHO*  +  HK)  i-   IT. 

An  eaay  way  of  «hibiting  thia  reartioD  in  to  drop  a  crystal  of  lutrite  of 
into  a  solution  of  bydrochJorate  of  ethylamine.  mixed  with  an  eqoai  Tolome  i 
chloric  acid,     A  Htnall  quantity  of  yellow  aromatic  oil  is  formed  at  the  ( 
6.  With  chloride  of  cyanogen,  ethylamine  acta  like  ammotii&;  thoa  : 


2(N.C*HMP) 

BtbyUmiDe. 


+  CN.a  = 

Chloride  of 


(N.C*H*JB»).Ha 

Hfilrochlurat*  of 
fltbflMnlxM. 


N.CN.CH».H. 

CrMicCbflanUt*, 


ucoy 


+    N 


6.  With  cyanic  add  it  fonna  ethyl-carbamide : 

((cor 

and  with  eyanaie  of  ethyl,  diethylcarbamide : 


J(CO)- 


+    N 


V    H« 


7.  Oil  of  mustard  fsulphocyanate  of  allyl)  converta  ethrlamine  into   thiosinetByb^ 
ine,  C'«H"N^.     (Hinterberger.  Ann.  Ch.  Pharm.  Ixixiii.  346.) 


•M    ETHTLSn- 


mine, 

8.  Fop  the  reaction   of  ethylamine  with   dibromide  of  tthytent, 

■oats  of  Ilttaj'lainlne.  Ethylamine  is  a  strong  ba<!«i,  neutralising  aeidi  \ 
pletely  as  ammonia,  and  eipfUing  ammonia  ficom  ummoniacal  salts.  Most 
ethylamine  are  easily  aolublp  in  alcohol,  a  property  by  which  they  are  diati 
from  «alt8  of  ammonia.  Hence,  when  the  two  bases  occur  together,  they  nuy 
sepiiPuttd  by  conTerting  them  into  chlorides  or  saJphates,  and  digesting  the  «■.., 
residue  in  strong  alcohol.  According  to  Meyer  (J.  pr.  Chem.  Ixvii.  147),  the  wfeA- 
tion  is  easily  effected  by  treating  the  mixed  bases  with  excess  of  tartaric  add,  aod 
evaporating :  acid  tartrate  of  ammoniuia  then  crratalliaes  out,  while  the  ethyUmia«. 
aalt  remain»  ia  the  form  of  a  bjrup,  easily  soluble  in  alcohol 

Acftate  of  Ethylamine. — When  ethylamine  raponr  is  passed  into  a  Teased  eee* 
taining  glacial  acetic  acid  and  surrounded  with  tee»  the  salt  is  obtained  in  the  form  <rf 
a  TBiy  deliijueseent,  crystalline  mass  of  daazling  whiteness.  Phosphoric  anhjdnd* 
chare  it  rapidly,  but  doca  not  gire  rise  to  the  formation  of  any  compoand  analonowto 
acetonitrile.     (Wurti.) 

Bromhydrate  or  Bydri-*hromate  of  Ethylamine,  CH^N.HBr,  or  Bromiit 
of  Etkylammnnitim,  C-H'X.Br.— This  salt  is' produced:  I.  By  the  direct  comlia»> 
tion  of  ethylamine  and  hydrobromic  acid. — 2.  By  the  ai;tion  of  bromii^e  OQ  aOBMW 
ethylamine  (Wurts).— 3.  By  the  action  of  bromide  of  ammonium  on  alcohol  cr  eth« 
(Bort  helot,  p.  653).-^-4.  By  the  action  of  amrnonia  on  bromide  of  ethvL  It  is  errv 
talline,  and  gives  off  ammonia  when  diatilled  with  potash. 

Car  bona  tf  of  Elhyfaminr.—Whea  hydrochlorate  of  ethylamine  is  carefully  dis- 
tilled with  carbonate  of  podiura,  both  being  thoroughly  dry,  carbonate  of  ethylamia* 
pauses  over,  and  coudonses  as  a  crystalline  mass  saturated  with  a  riscid  liquid,  whose 
solution  has  a  stronp  alkaline  reaction.  It  has  an  ammoniacal  odour,  gives  off,  even  at 
ordinary  tempemtures.  vapours  which  turn  reddened  litmus  blue ;  is  rery  d«liqo«9C«at, 
and  dissolves  the  basic  carbonates  of  copper  and  zinc.  The  aualyms  of  fiiia  "til 
yielded  quantities  of  carbon  and  hydrogen  greater  than  are  required  bj  the  forosb 
ot  add  carbonate  of  ethykmine,  C»H'N.H.CO*. 
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Be«p«ctiiig  th«  sn-ealled  anhffdrovs  etrrbunatr  of  et^ftamine^  obtoinr^  by  pasAtiig 
carbonic  uihydride  into  anhydroua  fsthykmine,  we  b«Iuw, 

Cklorkydrat*  or  Hj/drochlorat€  of  Etht/Umino,  CHT^.HCl,  or  Chloride 
e/  Ethyl  ammonium,  C'H'N.Cl. — Formation  similiir  to  that  of  the  hydrobroinata. 
Prep&red  by  satiintiDf^  with  hydrochloric  acid  the  aqucoua  Bolation  of  ethylamine, 
which  \a  obtaiaed  hj  distilling  cyanic  acid  tritn  pot&ah.  On  evaporating  to  drynsM, 
diMolving  the  re«idae  in  strong  boiling  alcohol,  and  cooling  the  nolution,  tha  »lt  is 
d«>poait«d  in  Urge  OTBtalline  umiDe.  From  the  aqaeoaii  solution  it  crTBtalliaes  in 
striated  prisms.  Fuses  between  76°  and  80°  C,  and  solidities  on  cooling  in  a  semi- 
trunspttrent,  cryRtoUtne  maas.  Qirea  off  rapours  at  a  high  temperature ;  boils  betwoen 
Sli**  ami  320° ;  and  if  then  left  to  cool,  solidifies  in  a  milk-white,  amorphous  nuwa, 
vfaoM  melting  point  is  above  260°.  The  crystals  are  reiy  deliquescent.  On  treating 
Abe  aqueous  solution  with  amalgam  of  pot«saiam,  hydrogen  is  giren  off  and  a  solatioo 
of  ethylamine  is  formed.     (Wurtz.) 

ChlorO'Ouratf,  C^H*NCLAuCR — Obtained  by  mixing  the  aqneoos  wlutions  of 
hjdroehlonte  of  ethylamine  and  trichloride  of  gold.  Forms  rery  line,  golden-yellow, 
prismatic  crystals,  soluble  in  water,  alcohol,  and  ether,     (Wart is') 

Chloromercurate,  C»H«NCLHgCl,  or  (C*H»NCl)*.HgXl*,— Obtained  by  mixing 
the  aqoeous  solutions  of  corroaive  sublimate  and  bydrochlorate  of  ethylamine  in  equi- 
Tolent  qoantitiea.  Crystallisee  more  readilj  than  the  oorreeponding  salt  of  methyla- 
mine,  but  forms  smaller  crystali^  From  thie  alcoholic  soltition  it  is  depoaited  in  small 
whi  te  fccttli*     ( W  u  r  t  z. ) 

Chlond"  of  Eihylam7ni>nium  with  Cyanidg  of  M,rctirv,  C*H'XCl.Hg"C)*— Obtained 
by  mixing  a  neutral  solution  of  hydrochlorate  of  ethyfiimine  witli  ncjueous  cyanide  of 
menrnry,  and  eTaporating  orer  "the  water-bath  to  the  crvBtullijiing  point.  Lor^e  lami- 
nated crystals,  which  are  permanent  in  the  air.  and  are  decomposed  by  the  heat  of  the 
water-bath.  Soluble  in  water,  sparingly  in  cold  alcohol.  Tuate  disogroeably  metallic 
(Kohl  and  Swobodo,  Ann.  CL  Pharm,  Ixxxiii.  342.) 

C-hloTOTialladite  of  Ethylamine,  ((?H»NCiy.Pd"Cl».— An  aqueous  soIutioB 
of  hydrocnloraic  of  cthylainiae  evuporated  over  the  water-bath  with  excess  ol 
dichloride  of  pallftdium,  yields  large  black  crystiUs  grouped  in  feathery  tufla;  by 
tmnsmitted  light  xhf.y  exhibit  a  fine  red  colour.  They  yield  a  red-brown  powder,  and 
ret4iin  their  luxtre  unimpaired  &t  the  heat  of  the  water-bath.  (Reckenachuss, 
Ann.  Ch.  Phorm.  Ixxxiii.  3i3.) 

Cktoroplatinatr,  (C»H*NCl)*.Pt"a*.— Obtained  by  mixing  the  concentrated  solu. 
tions  of  tetTHchlciritle  of  platiaum  and  chloride  of  etliylummoniom,  adding  alcohol, 
pressing  the  resulting  yellow  precipitate,  and  dissolriug  it  in  boiling  water.  On  cailinf , 
the  double  salt  separatee  in  beautiful  tablets  of  a  deep  urange-yellow  colour.   (Wurtx^ 

For  the  compounds  of  ethylamine  with  protodiloride  of  platinum  and  other  pUtinous 
salt«,  see  PLATurcK-BAflSS. 

EthylcarbamaU   of  Eihylammonium,  C»H"N»0»  -  '^^^^'jj^^^lo  - 

(CH'Ny.CO'.— Thi«  salt,  homologous:  with  the  so-called  anhydrcv*  carfHmtiU  of  ant' 
mimta,  is  produced  by  passing  caibonic  anhydride  into  anhydrous  ethylamine  cooled 
by  a  freezing  mixture  (i.  761). 

Mntybdate  of  Ethylamine,  (C*HTT)».H»Mo*0»  -  {C*H»N)rMo«0'.-Mol;bdic 
acid  dissolves  readily  in  ethylamine,  and  the  s<jlutioa  left  to  evaporate  over  chlonde  ol 
calcium  depoeita  white  scales,  which  become  red-brown  when  dry,  aad  uitinmtely 
assume  a  regular  brown  colour.  They  continually  ^re  off  etfaylamiDe,  and  are 
gradually  convertt'd  into  a  more  add  salt.     (Meyer,  J.  pr.  Chem.  livii.  161.) 

nitrate  of  Etkytaminf^—OhltAnti  by  saturating  ethylamine  with  nitric  acid 
Very  deliquescent;  ci7«talli«ei  from  the  aqueous  solution  in  thin  lamins.  The  syrupy 
mother-liquor,  when  heated,  gives  off  gasee  which  Imrn  with  a  yellow  flame,  and  yields 
a  brown  watery  distillate  witii  a  few  drops  of  oil  floating  on  the  surface ;  the  residue 
is  a  brown  maes  which  dtimalely  becomes  chtirrcd.     (W  urtz.) 

Oxalate  of  Ethyiaminc,  {Cm'Hy.EKH)*  -  ,^^^^"J0*.— Obtained  by  satn- 

rating  ethylamine  with  oxalic  acid  and  evapor.iti«g.  CrystalHses  in  right  rhombic 
prisms.  When  heated  it  gives  off  2  at.  water,  and  is  converted  into  ethyloxamide, 
N*.(C»0')".(CH')*.H*.  Heated  with  excess  of  oxalic  acid,  it  yields  a  smail quantity  of 
ctlivloxamic  acid-     (See  Oxamic  Ann,) 

Phosphate  of  Etkylammoniumand  Mag^teiium,  (C-H'NV.Mg'.H'.CPO*)*  + 
10n*O  ?  Obtained  by  adding  ordinary  pbfjsphate  of  sodium  to  a  «f>lution  of  sulplxate  of 
niit^ncsitim  mixed  with  ethylamine  and  either  of  itt)  salts,  as  a  balky  precipitate  which 
becomes  cr^'stailine  on  standing,  is  much  more  soluble  than  the  correspondhig  ammO> 
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Bium-salt,  &Bd  when  left  oyer  sulplmric  acid,  gives  off  all  ita  wat«tr  and  part  of  tlw 
ethykniine.     (Meyer.) 

Sulphate  of  Ethylamine  or  of  Ethjflammonium. — Deliquescent,  nnajnal- 
lisablc,  vary  Bolubk  in  alcohol,  dries  up  in  vacuo  to  a  tiaiupareat  gummy  miua. 
(Wurta.) 

Sulphate  of  Ethylammonium  and  Aluminiutn,  Ethylamine-alum.  /AJ'r*  l^^' 
+  24H'0. — Obtained  by  mixing  the  eolutions  of  the  component  salt*,  and  eraporatine, 
CryBtallises  ordintirily  in  regular  octahedronfl  like  common  alum,  but  ocfasionftUy  is 

grisms,   whii'h,   however,   yield  octahedrons    by  recrystallisation,      (Kcnner  and 
thamer,  Ann.  Ch.  Pharm.  icj.  17'i  ;  Meyer,  ioc,  cit.) 

Sulphate  of  ethylamin©  tileo  forma  cryatulliaable  double  ealta  with  the  tulphtO^^  cf 
magntamni  and  cvpimt,  and  irith  chloride  oj  ropper  (Meyer) ;  with  snlphaU  of  xif. 
(Carey  Lea.)  The  mugnesium-ealt  appears  to  contain  2C*H»N.Mg^.(SO*)*  +  a^ 
(Meyer.) 

Sulpht/drate  of  Ethylammonium.  Preparrd  by  paaaing  gulphydric  add  gM 
into  anhydrous  ethylamine  cooled  with  ioa.  Colonrlfss,  eaaily  fusible,  voUtile  ajstaK 
which,  when  exposed  to  the  air,  abaorb  moisture,  and  change  to  yellow  dxopa. 
(Wartz.) 

Tartrate  of  Ethylammonium   and    Sodium  has  been   obtained  Ij  Cutf 
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Subgtitution-pr&dvcti  of  Ethylamim. 


DicKLoramiTLAMiNB.  C»H'a*N.  (Wa  rta.  Ann.  Ch.  Phys.  [3]  xxx.  474.)— ChJoriM 
plumed  into  aqueous  ethylamine  cooled  with  ice,  forms  this  compound,  together  vitlt 
nydrochlorute  of  othylaniine : 

2C'H*N  +  CI*  =  CHT^.HCl  +  C^H*C1*N  -»-  HCL 

The  action  ia  attended  with  rise  of  tt'mperaturo  and  a  alight  evolntion  of  nitrofea 
gas.  The  dichlorethylaroine  is  deposited  in  the  form  of  a  yeilow  liquid,  which  may 
be  pnriflpd  by  washinj?  with  water  and  rwtiiying  over  chloride  of  calciam.  It  has  a 
penetrating  odour,  and  produces  coughing  and  flow  of  tears.  Boils  at  91°  C.  Tb« 
rapotir  explodes  when  heated  in  a  tube,  but  not  with  sufficient  force  to  brtyik  th* 
tube. 

The  compound  treated  with  excess  of  chlorine  i»  converted  into  a  solid  body  mhidt 
rrystallises  in  scales.  Ammonia  decomposes  and  diaeolvea  it  gTaduaUy.  Canitie 
f>''tafh  decomposes  it  slowly,  fnrminp  chlonde  of  potaastum,  ucetnte  of  potassium,  and 
ammnniH.  a  gus  containing  chlorine  being  also  givpn  off"  in  small  quantity,  and  a  fr» 
drops  ofnn  oily  liquid,  whicii  has  a  disagreeable  odour,  like  that  of  impure  cyanide  vt 
ethyl,  sinking  to  tao  bottom : 

CH'CHN  +  3KH0  =  CTI'KO-  +  NIT  *  2KCI  +  H'O. 

The  gaa  and  the  oily  liquirj  nr<»  seconrtan'  products.     (Wurtc) 

DiBBOMETUTLAMiNB.  (J»H»Br'N.  (Wiirtz,  Ann.  Ch,  Phys.  [3]  xxx.  4-7.)— BrwiniBS 
acta  on  ethyliimiue  in  the  same  manner  as  chlorine,  and  vrith  considerable  x-iolenee,  « 
that  it  is  neco««ary  to  add  the  broiiiinc  drop  by  drop,  and  cool  the  liquid  with  iet. 
The  givati-?  part  of  the  resulting  dibroraethylamine  n>mains  dissolved  in  the  waTny 
liquid,  only  a  amall  portion  settling  down  in  tlio  form  of  an  oil  ns  the  action  approadiN 
its  terminulion.  The  dissolved  portion  may,  however,  be  extracted  by  agitatijig  vitk 
ether,  and  evaporating  the  ethereal  solution.  The  product  is  an  oily  Liquid  haviag 
an  orange-rpfl  colour  arising  from  a  slight  exceea  of  bromine,  which  nay,  howerer, 
be  removed  by  agitation  with  veak  pot^aah.  It  is  hearier  than  water,  and  bJas  a  pos- 
geut  odour. 

DDnoDRTHTTLAMDni  C»H»PN.  (Wurtx,  Ann.  Ch-  Phys.  [31  xxx.  478.)-Iedt«« 
introduced  into  an  aqueous  solution  of  ethylamine  exerts  an  immediate  action,  attemM 
with  rii<_e  of  temperature,  producing  hjdriodate  of  ethylamine.  and  a  bluish  blaek  iiq[lid 
which  is  diniodpthylamine.  This  compound  dpconip<iB«i  when  dintilled.  {riving  eC 
vapours  of  iodine,  and  consequently  has  not  yet  bt-t-n  obtained  in  a  state  of  pnrJty. 
It  is  soluble  in  alcohol  and  ethor.  Caustic  pottiah  decompofses  it  »rFadmdly,  fonoiaf 
iodide  of  pota.s:iium,  a  email  quantity  of  iodate,  and  a  yellow  cr^itidline  leuJat, 
the  composition  of  which  has  not  been  af^ertoined. 

Sletbinauiliie.      CH-'N  «  n|^*^'*^T    (.-V.  W.  Hofraann.  Phil.  Trsn*.  l»50. 

pt  1*20;  Chem.  Soc.  Qu.  X  iii.  300.)— This  compoand  is  produced  :  1.  Aa  hydrobioiut* 
byheatinji  an  aqueous  solution  of  etbylamine  with  bromide  of  ethyl  in  imlfd 
tubes  (C'H'N  +  C'a*Br=C^H"N.HBr),  and  may  be  obtained  in  the  fn*  state  U  di*- 
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filiation  with  potush.— 2.  As  m  hjdriodBto,  toother  with  the  eoirmpoDdlnQ  rfvmpnundji 
of  the  othrr  ethjl-buwa,  by  henting  iodide  of  ethyl  with  BDnnonia  in  sriik^ 
tub«c,  and  mxy  be  sr panted  by  HofnuoD's  method  liready  dMcribed.  The  liquid 
diethyloxamale  o{  ethyl  i«  •«p«ruted  from  the  cry»tftlllne  diethyloxamid*'  by  th^  method 
dcecrilHKl  on  vngt*  &i6,  uid  then  distilled.  The  boilinj?  point  ^aifkly  nfM»»«  t^  "ifiiF  C, 
And  the  Uqaid  wtiich  paases  orer  *t  that  tompeimture  yields  diethylamiae  by  distillation 
viib  potaah : 

(C*0')- 
Oxalntf  of 

3.  Nitrate  of  ethyl  he«ted  with  ammonia  yielda  a  mixtore  of  ethyUmine  and  di« 
ethrlamine,  which  may  be«eparated  in  the  tnajmer  described  on  pp.  666, 660.  (Carey 
Lea) 

Diethykmine  is  a  Tolatile,  inflawiTnable  liquid,  lyiiling  at  67**  C.  Yery  soluble  in 
Water,  and  baring  a  Btrong  alkaline  reiietioa  (HofmannV  With  nutallie  M/tt,  it 
•rTts  for  the  most  part  like  etbylamine,  but  it  is  distinfjuiahed  therefrom  by  three  re- 
actionn  :  I.  It  doei<  not  precipitate  a  aolutioii  cf  pfvtochhridr  of  paUuditnn. — 2.  The 
precipitate  which  it  forms  with  rinc-mlU  is  not  soluble  in  execs*  of  diethylamine.— 
3.  Added  io  large  excess  to  a  solution  of  mercuric  cUoridc,  it  forms  a  precipitate  which 
ia  not  aoluble  io  acetic  acid,  whereas  the  precipitates  formed  in  like  manner  by  ethyl- 
amine  and  by  ammonia,  disaolre  eaaily  in  that  acid.     (Carey  Leu.) 

Iodine  acts  on  diethjlamine  in  tbe  some  manner  a<i  on  ethylaraine.  forming;  an  oily 
eobstitatioQ'prodact  Nitrous  add  acta  upon  it  in  the  same  manner  as  oa  eLhylamiDc 
(Ricbe,  Ann,  Ch.  Pharm.  cxL  91.) 

N.(C'H')'H       +       3HN0*      .      2C»H*N0«      +       2H«0      +       N». 
DlatbyUiDliie.  Nltroui  NItraus 

•cid.  Mlker. 

yf'\t\L  cy^nate  of  ethyl  it  forms  triethylcarbamide  (HofmaDQ»  Compt  rend.  lir. 
262). 

N.(C»H*)'.H      +      N.(CO)"C»H»      -      N'.(CO)''.(C'H»V«H, 

ripthrlitmine.  Cjanat*  of  pth^l.  Trl^thyl-artMinlda. 

For  the  reaction  of  diethylamine  with  dibromide  of  ethylene,  aee  Ethtlbjoi-Basm. 

The  salts  of  diethylamine  are  not  much  known.  The  cMoropfatinate,  2(C'H"N. 
Cl}J*tCl\  is  modemU-Iy  Holublc.  and  cryhtttUisfs  in  nrsnge-red  grnnules  (Hofmann). 
Weltzien  obtained  largi'  orange-yellow  shining  crybtals,  which,  according  to  J.  Miiller^ 
belong  to  the  monoclinic  system. 

TrletbTlajnlne.  C»H'»N  -  >'(C'H')».  (Hofmann,  loc.  ni.— Cfrey  Lea, 
ChemioiJ  >rew9,  ri.  14'2 ;  Rip.  Cliim.  pure,  186*2.  p.  446.) — Produced:  1.  By  heating 
diet  by  la  mine  with  bromide  of  ethyl,  and  diitlliing  the  resulting  broooide  of 
tripthylamraonium  with  potiufh. 

2.  By  the  action  ofetbylate  of  potassium  or  aodinm  on  cyanate  of  ethyl, 
precisely  as  ethylaminc  ia  produced  from  bydratti  ofpotaeaiomf  and  cynnic  ether: 

N.(CO)".C*n»  +  2C*H»K0  -  N.(CH»)«  +  (CO)'.K''.0. 

The  materials  are  digested  together  for  several  hours  at  «  moderate  heat,  and  then 
distilled  in  a  sand-bath.  The  strongly  alkaline  distilliite,  saturated  with  hydrochloric 
a<rid  and  evaporated,  3rield»  «  residue  from  whiclj  pure  tri<'thylamiDe  may  be  obtained 
by  distillation  with  potash.  The  cyanic  ether  aad  the  sodiura-aioohol  must  be  perfectly 
anhydrooa,  otherwise  the  chief  product  of  the  reaction  will  be  etbytamine ;  but  even 
when  water  is  altogc-tber  absent,  a  different  reaction  sometimes  takes  place,  attended 
with  the  formiition  of  triethylcarbotriamine  (p.  660). 

3.  Iodide  of  triethylammonium  ia  obtained,  together  with  other  iodides,  by  heating 
iod  i de  of  ethyl  in  a  sealed  tube  with  ammonia.  The  product  distilled  with  potaah 
yields  a  mixture  of  ethylamine,  diethylamine,  and  triethylamine,  whicb  may  be  sepa^ 
rated  by  means  of  orali<*  ether  as  desmbeii  at  p.  665.  The  triethylamine  not  being 
acted  uj*on,  passes  over  by  simplp  distillation.     (Hofmann.) 

4.  Nitrate  of  ethyl  heated  in  sealed  tubes  with  ammonia  always  yields  a 
certain  quantity  of  triethylftmincT  togefhor  with  ttliylaniiue  Mud diethylamine,  und,  by 
proceeding  as  follows,  the  proportion  of  triet'iylamine  may  be  eonsideraMy  incrt-aseJ. 
A  mixture  of  3  volumes  nitn*fe  of  ethyl.  3  volumes  strung  aque<^jua  HmmontH,  nnd 
2  voluiufti  absolute  alcohol,  is  heat«Hl  to  100-'  C.  in  a  sealed  tube  for  four  hours.  The 
contents  of  the  tube  are  then  exactly  saturated  with  nitric  acid,  and  evaporated  over 
the  water-bath  ;  tho  puHly  muss  Im  di»tsolvt'd  in  4  rolumcs  of  absolute  alcohol ;  the 
solution  ia  distilled  with  »  eonsidemble  excess  of  caustic  soda;  the  distillate  is  received 
ia  •  mixture  of  3  volumes  nitrate  of  ethyl  and  2  Tolnmea  absolute  alcohol  surrooiidcd 
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t»y  &  freezsQg  muchire;  and  the  liquid  thtia  Mtantedirith  tlie  alk&Iine  rapotir  is  to> 
troduced  into  aeal&d  tube*  and  heated  in  a  wftt«r-bath.  Thi«  mode  of  prtxetdiai 
3neld9  a  product  in  which  the  proportion  of  ethylamino  in  very  small,  u>d  of  the  i*- 
moind^r  the  diethvlanuiifl  conititntes  three-fourths,  the  triethjiamine  one-foottk 
To  separate  theae  bases,  they  are  converted  into  picmtes,  the  picrates  of  ethylaniibe 
and  triethjlamine  cryBtalllsiDg  out  in  needles,  and  the  picrate  of  diethjhuniae  after* 
wards  separating  as  a  heayy  oil  The  crystalline  picrates  of  the  two  basea  are 
dijvtilJed  with  an  alkali ;  the  vuponrn  condensed  in  water,  and  the  solation,  after 
mcwlerats  ronrentration,  is  agitated  with  ten  times  its  Tolame  of  ether,  which  taJces 
up  thf  triHThylamine,  leaving  the  efhjlamine  dissolved  in  the  water.     (Carey  Lea.) 

5.  TrieMiykmime  is  given  ofl^  together  with  ethyU-Deandwatfir,  in  the  decompoEttion 
of  hydrate  of  tetrethybornioniuni  by  heat    (HofmanD.) 

Tncthykmine  is  a  coloturlen,  stroogly  aUtalioe  licjuld,  inflammable,  having  an 
agreeable  ammoniacal  odour;  it  is  but  spariogly  soluble  in  water,  and.  when  the  qoan- 
tiW  of  water  present  la  not  sufficient  to  dissolve  it,  floats  on  that  liquid  like  an  oil 
(Hofmann ;  Lea.) 

The  aqueous  solution  forms  with  salts  of  rirconium,  fflua'num,  cadvnum,  and  rinc, 
white  precipitates  insoluble  in  excess:  with  aluminiuin'BaltB,  a  precipitate  eaalj 
Botuble  in  excess.  It  forms  a  green  precipitate  with  nicJkd  salts,  greemab-blue  with 
cobalt  Baits,  white  with  atannovs  salts,  brown  with  nitrate  of  tUver,  reddish-brown 
ynlikpentachloride  of  antimony,  yellow  wiib  uranh  salts,  yetlowish-white  with  aalt^  .  f 
mtreury.,  greyish  with  salts  of  iVoji,  blue  wifh  vopper  salts,  white  with  *aitt  of  nuuin  ■ 
9ium  and  ceriU7n,—ti\l  these  precipitates  being  insoluble  in  excess  of  the  alkalL  ^itb 
stannic  chloridf  it  form?  a  precipitate  soluble  in  excess  of  the  alkali ;  with  acrtalf  of 
l<'ad,  a jprocipitate  insoluble  in  excess  of  th*  alkali,  but  soluble  in  excess  of  the  l&id 
salt.  It  dotw  not  preeipitalo  the  salts  <:<f  platinum  or  paUadiutri.  With  trichloride  of 
gold,  it  forms  a  yellow  precipitHte  insohiblwin  excess,  and  blackening  rapidly,  from  fo^ 
mation  of  protoxide  of  gold,  the  reduction  being  attended  with  evolution  of  aldehyde. 
This  is  the  most  charnct«rietlc  reaction  of  trititbylamine.     (Carey  Lea.) 

II^drftfn-OTitate  of  Trifthi/lamine  or  Brvmide  of  TVifthf/lammomum  crjstalliMS  ta 
beautiful  fibrous  crystals  several  inches  long:.     (Hofmann.) 

The  h//drO(-Atorate  crystallises  in  white  lamixue  ;  it  is  not  deliquescent,  very  inflam- 
mable, volatilises  easily  without  decompo#iitiou.     (Carey  Lea.) 

The  chloroplatinate,  2C*H"NCl.PtCl*,  ta  very  soluble  in  wat-cr,  and  crystallises  on 
cooling  from  strong  solutions  in  splcn-did  orange-red  rhombic  crystals.     (Hofmann.) 

The  nitrate  does  not  cTyKtalliBe,  biil  remains  in  the  form  of  a  thick  sjTup,  when  iu 
solution  is  evaporated  in  vncno.  The  tulphate  is  very  soluble  in  water  and  alcohol; 
by  evApiratinn  in  vacuo  it  is  obtttinocl  as  a  confused  cry»tiilline  mass.  It  fozms  a  double 
bhU  with  sulphate  of  snnc.     (Carey  Lea.) 

Trietl»Tlcarbotrf  amine.  C'H"N»  -  N"  fC""(C«H*)»H«}  ;  or  THotbylcyaao- 
dlamlne,  N*  [CN.(C*H*)M1'} .  (Hof  mann,  ProcRoy.  See  xi.  282.)-Not  known  m 
tlif  s«>pamte  state,  but  obuined  an  a  hydrate,  CH'^N^O  =  C'H''N».H*0.  by  healiof 
etiiylate  of  sodium  with  cyunurute  of  ethyl  (sometimes  also  with  the  cyanats),  ili* 
etiiylate  of  swJium  being  then  rcsolvod  by  the  heat  into  ethylene,  C*H*,  which  eani^, 
and  hydntte  of  sodium,  which  acts  on  the  cyanuric  ether  in  the  manner  KpretcotcJ '  - 
the  equation : 

C»H»N»0»  +  4NaH0  =  2Na»C0«  +  C»H"N»0 
Tht!  reaction  actually  takes  place  by  eeveiral  Stages,  as  already  en : 

Hv'Irate  of  triethylcarbotriamine  is  a  basio  oil,  which  neutni 
definite  salts.     The  ffold-saU,  C'H»'N»  HCl.AuCl*.  and  the  pfatinum-^aU,  li,  i 
HCl).PtCJ',  have  been  analysed.     The  iodide  forms  splendid  cryst^nJ*. 

fbe  bydrstcd  base,  which  may  also  be  regarded  as  fi  I'l  f^if  i  iii  Oiisjjf  Uiamu\\ . 
sulved  by  distil!atio&  into  etbykmine  and  djcthylcarbamide : 

{     CO  ,f^^  t      CO 

N«-  (C«H»\«     -      NJ   „f      +     N«J  (C»1P)» 
H*  <  I      H» 

]ti«t  as  gnanidine  (earbonyl-triamine)  is  reeolred,  under  ef 
tttamonia  and  curbamide  (urea): 
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iv.  :Uo).— Obtained  together  with  w-* 
hydntte  of  triethylamylammontnm 
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bitter,  And  hiving  &  not  unpleasant  odour.  Boili  at  164'*  C.  Soluble  in  water.  Th« 
MttljjAtitr,  htfdmcMoratt,  nitrai«,  and  oxalate  ctystallufr  eaaily  but  ure  deiiquMCeaL 
Tiie  chtoroptatinaU.  cryataUiaeB  in  orange-yellow  nwdles  of  cxtraordiDuy  beauty. 

Tetretbylammonlani.  (>H*N  =  N(Cn»)*.  T*tr€tht/lium.  (Hofraann.  Phil. 
Tmna.  I  Sol,  p.  357  ;  Ghem.  Soc.  Qu.  J.  iv,  304.)— This  compound,  which,  like  am- 
tnoninm  itaclf,  is  not  known  in  the  free  state,  ifi  obtained  as  an  iodide  or  bromide  by 
the  action  of  iodide  or  bromide  of  ethyl  on  triethylamine: 

N(CH»)»  +  C'H*I  =  N(C'H»)'I. 

Iodide  of  ethyl  acta  quickly  with  the  aid  of  heat,  the  bromide  slowly. 

The  iodide* or  bromide  treated  with  moist  oxide  of  silTor.  yieJda  a  strongly  •Ikali&e 
eoiotiou,  contAtning  the  hydrate  of  tetrctbylamnioniam,  and  thia,  when  treated  with 
•cida,  yields  the  other  aalta.  The  bromide,  chloride,  iodide,  carl«onate,  nitrate,  phos- 
phate, and  Bidphate  are  all  cayatailine.  The  orthophosphate  (C*H»N)«PO',  is  strongly 
alkaline. 

Bromidt  of  Tetrethylammoniuin  forms  white  opaque  granular  crystalfl. 
(Hofmann.) 

ThecA/orirff,  obtained  by  neutralising  the  solution  of  the  hydrate  with  hydro- 
chloric  acid,  forms  double  taltii  with  the  chlorides  of  gold,  merciuy,  and  plntinum. 

Ckloro-auratf,  C*H*'NCl.AuCl*.  Lemon-yellow  precipitate  obtained  by  mixing 
the  solutions  of  the  two  chlorides.  BissolTea  but  sparingly  in  cold  water  and  in 
hydrochloric  acid. 

CAioromercuratei a.    2C*H*NCL5%''C1'.      "WTiite    cryatallino    precipitate, 

aolnble  in  water  and  in  hydrochloric  acid,  especially  at  the  boiling  heat.  From  the 
boiling  solution  it  Bepamtea  in  plates  haying  an  unctuous  appearance.     (Hofmann.) 

A.  2C*H«NCI.ng"CI».— Obtained  by  decomposing  the  yellow  crystulif  C"H'»N'Up^I* 
(pp.  638,  666),  with  oxide  of  silver,  nnutralising  the  reflultinc  alkaline  liquid  with 
ixydrochloric  acid,  and  evaporating.     It  forms  wlute  crystals.     (Sonnenschein.) 

ChloToplatinate.  2C"n»'NCl.RCl*.—Tetrachlorideof  platinum  added  to  chloride 
of  tetTBthylammonium,  immediately  ftirma  an  orange-yollow  precipitate,  resembling  the 
corresponiling  potaMtium  atid  ammoaiura-iialts.  Slightly  eoluble  in  water ;  \&m  solabl« 
in  alcohol  and  ether.    May  be  ciystatlised  in  beautiful  octahedrons.    (Hofmann.) 

Hydrate.    C»H«NO  -  ^^*^^*^* j 0.— Prepared  by  decompoaing  the  iodide  with 

oxide  of  silver.  The  solution  of  the  iodide  is  ^ntly  heated,  and  recently  precipitated 
oxide  of  silver  added  in  small  portions  with  agitation,  till  the  resulting  iodide  of  silver 
aammea  a  permAnent  yellow  colour.  The  liquid  filtered  from  the  silver-precipitate  is  a 
■olatioD  of  the  hydrute  of  tetrethybrnmon  ium.  It  may  likewise  be  obtained  by  decom- 
posing the  sulphate  with  baryta ;  but  this  process  is  not  so  good  aa  the  preceding,  on 
account  of  the  difficulty  of  getting  rid  of  the  excess  of  bairta  or  of  sulphuric  acid. 
The  alkaline  solution,  evaporated  in  vacuo  over  sulphuric  acid  and  lime  yields,  after 
K>me  time,  long  hair-like  needles  which  tire  extn?mely  deliquescent  and  attract  car- 
bonic acid  wpitUy  from  the  air.  By  remaining  longer  in  vacuo,  the  crystals  disappear 
again,  and  the  liquid  dries  up  to  a  semi-aolid  mu&M,  which  also  deliquesces  and  attructs 
sarbonio  acid  rapidly. 

The  solution  of  this  compound  is  strongly  alkaline,  and  hae  the  pungent  bittenteaii 
of  quinine.  In  the  concentrated  state,  it  burns  the  tongue  and  acts  on  the  epidermis 
like  caustic  potash  or  soda ;  nibbed  between  the  fingers,  it  excites  the  well-known  sen- 
sation prcKiuoed  by  the  fixed  alkulies,  and  the  same  peculiar  odour.  It  saponifies  fats 
as  readily  as  potash,  converts  furfuraralde  into  furfurine,  and  decomposes  oxalic  etbet 
into  oxaijc  acid  and  alcohol.  "With  metallic  solutions  it  behavea  like  caustic  potash, 
ezMpting  that  hydrate  of  alumina  is  less  soluble  in  it,  and  hydmted  chromic  oxide 
qdte  insoluble. 

A  moderately  concentrated  solution  of  hydrate  of  tetrothylainmonium  majr  be  boiled 
without  alteration,  but  at  an  advanced  state  of  the  evaporation,  decomposition  setit  in, 
svsin  at  the  tempentture  of  the  water- bath,  the  residue  intameseing  strongly,  and  being 
grwiiially  but  eomptetely  resolved  Into  water,,  triethylamine  and  defiant  gaa : 

C«H*N.H.O  =  H'O  +  C«H'*N  +  C'H*. 

The  solution  of  the  hydrate  boiled  for  about  24  hours  with  iodide  of  ethyl  in  a 
flitsk  provided  with  a  condensing  tube,  so  that  the  volitilised  products  may  be  con- 
dt-nsed  and  mu  back,  becomes  perfectly  neutral,  and  is  converted  into  alcohol  and 
indiile  of  tetrt'lhylammoninm : 
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A  eoiiMntrated  Bolution  of  the  hydrat*  mixed  with  an  allukline  soloticm  of  iodide  of 
potawium,  yields  a  crygtalline  prmpitat*  of  iodide  of  tetrethylammonitwn  ;  thia  dbA 
u  due  to  the  insolubility  of  the  latter  snbstancw  in  alkaline  liquids. 

Jodidn  of  Tetrethyiammonium.—*.  ProtUfdide.  CTI*SL  Wh«j  perfertly 
anbydroos  iodide  of  ethyl  ia  added  to  triethylamine,  dried  OTer  hydrate  of  potaaaiiim, 
thf  mixture  becoroea  slightly  turbid,  heat  being  evolved  at  the  aanw  tame.  The  actka 
goea  on  bnt  slowly  at  OTdinary  temperatoreH,  the  mixture,  after  sereral  daya,  Wiag 
converted  into  a  solid  mass  ;  but  on  exposing  the  mixtnre  for  a  minat«  or  two  to  tJie 
temperatupo  of  boilinx  water,  a  powerftil  reliction  ensaea,  the  liquid  remaining  for 
some  time  in  a  state  oi  brisk  ebullition,  even  ailer  removal  of  the  beat,  and  aolidifring 
on  cooling,  into  a  hard  mass  of  ciystalfl,  which  ia  raoW'White  or  yellowiah,  according 
aa  the  triethylamine  or  the  iodide  of  ethyl  ia  in  excess.  To  avdd  los*  ot  tn'ethvU- 
mine,  it  ia  best  to  heat  the  mixture  in  aealed  tabea.  On  diasolving  the  crprstalliiw 
mass  in  cold  water  and  leaving  the  solntion  to  evaporate  apontaneonaly,  the  iodide  ia 
obtained  in  beautiful  weU-deflned,  white  cjyst^s,  of  considerable  aise,  which  may  be 
aeparated  by  mwJmnic^d  means  firom  small  qaantities  of  a  reddish  iodine-eompoaiid 
■ometimes  formed  by  the  action  of  the  air.  Thia  latter  oobetance  ia  ibnned  ii 
much  larger  quantity  at  higher  temperatures,  for  which  reason  it  is  besrt  lo  sroid  the 
oae  of  hot  water  in  the  puriflcation  (vid.  infra). 

The  crystjils  are  anhydrous,  and  do  not  diminish  in  weight  by  ezpoaiuv  to  the  tem- 
perature of  boiling  water.  When  rapidly  heated  to  a  higher  tempjerature,  they  fem, 
and  are  decompo^  into  triethykmine  and  iodide  of  ethyt  which  form  two  layeia  ia 
the  receiver,  but  quickly  unite  and  reproduce  the  original  compound. 

The  aqueous  solution  mizt'd  with  caustic  potash  solidifies  at  once  to  a  cnrstalline 
mass  consisting  of  the  iodide  itself,  which  is  less  soluble  in  alkidine  liquids  than  is 
pure  wdtcr.  With  nitrate  or  solphute  of  Bilver,  it  yields  iodide  of  ailver,  and  a  aohi> 
tion  of  nitratyc  or  sulphate  of  tetrothylannmonium^  With  oxide  of  silver  it  yields  a  eola- 
tion of  the  hydrated  oxide  of  tetpethylammonium. 

b.  Taioduie.  VThea  iodide  of  ethyl  is  heated  for  some  time  with  alcoholic  amtnooia 
in  such  a  manner  that  the  volatilised  portions  may  condenoe  and  run  back  again,  a 
liquid  is  formed  conluining  iodide  of  ammonium,  and  the  iodides  (rfthe  four  ethylaia- 
moniums  j  and  this  liquid,  when  exposed  to  the  air  for  about  a  month  (whereby  tb» 
iodide  of  Qmraoiitum  is  decomposed  and  iodine  set  free),  yields  teriodide  of  tetrethyU 
smmonium  in  large,  shilling,  oark-red,  prismatic  ciystaLi.  The  same  compound  is  bjow 
quickly  obtained  by  heating  the  liquid  with  iodine  ;  it  then  separates  in  amaU  needle- 
■iiaped  crystals,     (Welt  si  en.  Ann.  Ch.  Pharm.  Ixxxvi.  292;  xli.  33.) 

Teriodide  of  tetrethyl ammonium  boiled  with  aqueous  potash  is  partially  deeompaaai, 
giving  off  a  volntile  ethyl-base,  probably  triethylamine,  and  forming  iodide  of  poCas* 
einm,  iodate  of  potassium,  and  iodoform.  To  account  for  the  formation  of  these  produeU, 
however,  we  must  suppose  that  maiah  gas  is  given  off: 

3(?H*^I'  +  6KH0  ^  3C«H'*N  +  AKl  +  2KI0«  -l-CHP  +  5CH« 

Teriodide  of  tetrethylammonium  dissolves  alowly  in  cold  water,  readily  in  boiliiig 
alcohol;  ftom  the  latter  solution  it  crystallises  in  needles  arranged  in  featoeiy  groapi. 
It  dissolves  in  the  iodides  of  potaastum,  sodium,  and  the  ethyl-ammonioma,  and  sqia- 
rates  from  these  solutions  in  large  crjrBta!s.     (WeUaien.) 

c.  Perifididf.  The  liquid  from  which  the  teriodide  has  crystallised,  yielded,  on  di- 
lation with  water,  a  heavy,  red-brown,  oily  compound,  rich  in  iodine,  and  probaLlj 
consisting  of  a  higher  iodide  of  tetrethylaramonium.     (Weltzi  en.) 

lodomercurates.  a.  2C'H»NI.5Hg^I«.  Obtained  by  the  two  foUowinf  p»- 
easMS :  1,  Mercuric  icdide  boilod  with  a  solution  of  iodide  of  tetruthylammoniuBi,  is 
converted  into  a  yellow  compound,  which  melta  and  ooliecta  aa  a  transparent  layer  at 
the  bottom  of  the  vessel,  and,  on  cooling,  solidifies  to  a  brittle  mass,  having  a 
crystnlline  fracture.  2.  Iodide  of  tetrethylammouium  mixed  with  a  large  eoKOsas  c( 
mercuric  chloride  forms  a  whitish  crystalline  precipitate,  which  ia  a  mixtoTB  of  ths 
iodomercurate  with  a  large  quantity  of  the  oorrospondiog  chlorine-compound  : 

I20«H»KI  +  lOlI^Cl*  »  2C*H*'NL6Hg'I»  +  6(aC*H«NCl.Hg"Cl'). 

By  boiling  with  waXet  the  latter  ia  removed,  while  the  iodine  compound  remaiaa 
(Bof  raann.) 

j.  2C*E^KI.&Hg''P.  Produced  by  the  actka  of  trimercoramine  on  iodide  of  ethyl: 

N'Hg*  +  «CH*I  -  2(C»H»)*NI.3Hg"I». 

Yellow  crystals  which  dissolve  somewhat  readily  ia  alcohol,  and  are  not  deoompossa 
by  water.    (E.  MalUr,  Ana.  Ch.  Pharm.  cviii.  6.) 
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e.  CH'^Nl-Hg"!'.  ProdoffBdl  by  the  action  of  meUllie  KiMaQi?  on  Uriodida  of 
tMMhjiuamonixim. 

(C»H»)«NI*  ■»■  Hg  -  (C»H»)«NI.Hg'l». 

The  compound  diseoWes  sparingly  in  WHler,  more  easily  in  hot  alcohol,  from  which  it 
•cpAntes  on  coolizig  in  light  yellow,  ehining,  itcaly  crystals.  (H.'  Risse,  Ads.  Ch. 
Phnm.  cTii.  224) 

A  compound  of  mereurie  iodide  with  iodtds  of  tetrethylammonium  and  iodide  qf 
mtrtMrcUtrfthiflammmwrn,  C«H»'N*Hg*I"  =  2C'E"NI.C"H"Hg"Nn'.7Hg''I'.  is 
produced,  together  with  Borvrat  othera,  by  the  notion  of  iodide  of  othyl  on  clvluride  of 
■iMcnrainmonium  (white  Dreeipitate^,  NH'Hg'Cl  (p.  536).  It  forms  yellow  crystals, 
which,  aftar  being  purified  by  washing  with  warm  absolute  alcohol,  resemble  mosaic 
sold,  and  appe«r  under  the  microaoope  aa  eubea  with  octahedral  and  dodecnhe«lml 
iMces.  They  are  deconipoBed  by  sunlight,  with  leparation  of  mercury ;  melt  at 
160**  C,  and  decompose  at  higher  lemperatorca.  They  are  insoluble  in  water, 
alcohol,  and  ether. 

Iodide  of  potassium  and  iodida  of  tetrethylammonitnQ  dissfjlre  the  yellow  compound 
for  the  most  part,  with  separatioo  of  metallic  mercury  ;  nitric  add  separates  mercuric 
iodide.  Its  solution  in  not  hydrochloric  acid  yields  greenish-yellow  sillcy  crystals. 
Chlorine  and  bromine  separate  all  the  iodine  after  some  time,  forming  crystala  with 
a  jetty  lustre,  resembling  nnphthalia.  When  the  yellow  crystals  are  heated  with 
recisntly  precipita.ted  oxide  of  eiker,  iodide  of  silrer  is  formed,  together  with  a 
atrnngly  alknline  liquid,  which,  after  the  6J.c^a  of  silrer  has  been  removed  by 
•ulphurettad  hydrogen,  contaioB  hydrate  of  tetrethylammonium.  But  if  the  alkAliDO 
volution  is  n«<utmlised  with  hj<{roohloric  actd,  without  prerious  treatment  with 
•ulphurotted  hydrogen,  and  ernporated,  white  crystala  are  obtoiaed  cooaisting  of  the 
compuund  2((C'H»)*NCl).Hg^Cl»  fp,  AfilV 

TrtetbyliuarlABiBiooliEiii.  C"H»^  =  N(C^»)H?H".  (Hofmann,  Ch#m. 
Soc.  Qu.  J.  iv.  313.)— Tht?  itididt  obtained  by  the  action  of  iodide  of  amyl  on  tripthyl- 
amine  forms  flue  crystals  having  a  fatty  lustre,  unctaous  to  the  touch,  very  soluble  tn 
water  and  alcohoU  insoluble  in  ether.  The  soktiotia  hare  the  bitter  taste  of  quinina. 
The  hydrate,  N*CC'H»)XC»n'')  j  q^  obtained  by  beating  the  iodide  with  moist  oxide  of 

■ilrer,  forma  an  alkaline,  Teirr  bitter  solution,  which,  when  erapomted,  yields  a  non- 
ezyatalliaing  symp.  By  diatillation  it  is  resolved  into  water,  ethylene,  and  diethyl- 
ABylamine : 

N(C»H»)^C*H")JQ    _    HK>    +   CH*  +  N.(CH7C*H". 

The  kjfdrcehhraU  forms  deliquescent  lamin*.  The  chloropiatinaU  separates  feom  a 
boiling  aqueous  solution  in  splendid  orange-yellow  no^dles.  The  nitrate  forma  hard 
nt^leji.  The  »ulpkate  and  oxalate  are  obtained  in  gummy  masses  by  evaporation  in 
▼acuo. 

For  baaea containing  ethyl  together  with  methyl  and  phenyl,  BeeMsTKTLi.imru 
and  VtmiTLuaKva. 

Ammonium-bases  produetd  by  the  action  of  Chloracttic  Ethtr  on  Triethylamine, 

TrtetHyU^zetlirlusetyluameBluiu.  C"H*»0»N  -  N  } c»hvcS»)0'  — ^'^^ 
m  mixture  of  tripthykminp.  and  chloracetic  ether  [C'H^C?B»)C10^  is  heated  to  \WP  C. 
in  a  scaled  tubei,  a  smiil!  qunntity  of  gas  burning  with  a  gn>en  flame  is  given  off;  and 
chloride  of  tetrethylAmiiioaium  is  formed,  together  with  tJie  chloride  of  triethyloiethyW 
aeetylammonium,  that  is  to  say,  an  ammonium  in  which  three  at  H  are  replaced  by 
a  at.  ethyl  and  the  remaining  1  at  H.  by  a  complex  molecule  conUining  the  element's 
of  ehlan>eetic  ether  minu*  the  chlorine. 

On  adding  tetjTic-bloridp  of  platinum  to  the  solution  of  these  chlorides,  the  eAloroplati' 
naie  of  the  complpi  anjrannium-roolecule,  iM-Ing  slightly  soluble,  easily  »ppnnit€»  from 
the  platinum-salt  of  tetr<'thyliunmonium,  which  is  very  soluble.  Treated  with  sulphy- 
drio  acid,  it  yields  the  ehl<iride  of  tht*  complpi  ammonium,  which  is  very  deliq^ueecent 
The  gM-saU  ciystallima  in  needles  which  melt  at  100°  C. 

Trl«tli7l-oxM«t3rlanim«liSam.     C«H"0*N  -  N  j  JS^qI  —The  preceding  chlfw 

ride.  treated  with  oiide  of  silver,  yieMa  chloride  of  silver  and  fm  ulcohdic  solution  that 
df  posita  a  crystallin<5  substance,  which,  though  perfectly  neutral,  unitea  with  nitric  and 
hydriodic  acids,  forming  wdl  defined  salts.    These  saita,  however,  belong  to  another 
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series,  differing  finom  the  preceding  by  containing  an  atom  of  hydrogen  ta  pbee  of  fdi^l 

—  a  difference  which  In  shown  by  the  elimination  of  alcohol  during  the  TeactioB. 
Hence  these  salts  are  not  (^fretfaylic,  like  the  precMiing,  bat  fnethylic. 

Tlie  chJoroplatinate,2['S.{C*H*)\C'WO^)W.lPiCW  forma  splendid  rhorobo'dal 
prismii.  The  chforoaurate  ciystallises  in  neeolea,  moderately  soluble  in  boiling  yrtXtf. 
The  nitrate  is  aolubl©  in  alcohol,  and  is  precipitated  from  the  solatioii  by  ether  in  fine 
soedleg.  The  iodide  {arms  crystals  very  soluble  in  water,  and  h&ring  the  eompooticM 
1:N^C»H»)\CH»0')1LC-H'^N0». 

The  crystalline  auMtance  which  remains  after  the  treatment  of  the  tetrothylic  chloride 
(see  above)  with  oxide  of  silver,  is  perhaps  the  monatomic  baee,  C*H'*NO'  = 
N(C*H^)».(C»H»0«)  j  Q     jj  j^  poeaible,  howeTer,  that  this  «omt)ound  maj  •pUt  sp  at 

the  moment  of  its  fonnatioii,  and  that  the  crystalfl  contain  1  at.  water  leai^  bsTing 
therefore  the  composition  CH'T^O*  this  being  the  molecule  which  eaters  into  th« 
eompoffition  of  the  iodide  jnst  mentioned.  On  this  hypothesia,  the  eompcnuid  b 
question  would  be  triethylic  glycocol: 

it  is  known,  indeed,  that  g:lycncol  itself  has  n  tendency  to  form  oompo'andB  nnular  is 
composition  to  the  iodide  above  mentioned,  one  of  them  being  repreeented  by  tbs 
fbrmuk  (C»fl«NO*)CLC^H»NO» 

The  tnethylic  compoond  is  not  attacked  by  potash,  by  boQing  nitric  &eid,  or  ly 
nitrous  acid.  When  heated,  it  yields  charcoal  and  a  strongly  alludine  liq[md,  which  it 
not  triethyl&mine.  (Hofmann,  Proc  Boy.  Soc.  zi.  626;  Rep.  Chim.  pore,  186% 
p.  196). 

STKT'XiASCntOia'nmi.    See  Ethtlikixm. 

STHTXAHCYl..     S«e  Etuyl  (p.  526). 

STB-BX^JKYXcrriuc  &CZS.  C"H»»0'  «  C*H"    (o*— Obtained  hjum. 

CH'.Hi 

rating  a  mixtaro  of  amylcitrie  acid  [(C*H*0')'".C*H",H».0»]  and  abaolnte  alcohol  with 
hydrochloric  ncid  gas,  then  evaporating  the  alcohol  and  exceae  of  hydtochloriic  add, 
washing  with  aqm^uus  (tarbooate  of  ■odium,  dissolving  in  ether,  and  decolorinn^  with 
animal  charcoal,  as  a  colourless  syrapy  liquid,  having  a  Tety  bitter  taitc  JUld  Mid  I^ 
action.     (Breunlln,  Ann.  Ch.  Pharm.  xci  323.) 

vrBnkAiirn.ic  btbsx.    Sc«  Amtl,  Oxidb  of  (i.  205). 

BTBTl^B  JiSES.     See  Ethtuikiices,  £TBTi.>iLBsnas.  ETHTT-FHOflPBUlM^  fte. 
BTBTK-BSa'ZTXiAMxirB.    See  BBmrsTLAKiNB  (i.  676). 
STHTXt-BKOiiKAarziiZK'B.    See  PsBNTiAiiixs,  Dkrxtatitks  of. 
BTBTZ'-BirxnilC  BTBBB.     Sec  Etbvi.,  Oxidb  of  (iL  543). 
BTBTX.-CacOD73i.     Syn.  with  AnsKfDiETKTL  (L  397), 
BTBTXn^ABBJLKZO    ACID    and   BTBYl.-CABBAlHrT3>E8«       See  Ci»- 
BAMIO  Aciu  (i.  751),  and  CiftUAKiDB  (i.  754). 

BTHYIt-CB£OBAVX£XWB.     Sec  Fhextlamiws,  Drktvatitss  OT. 
ETBTX.-COllS2Brs   and    ETBTXi-COVlVB.      See    Cooactx    (i.  1068).  asl 

CoNTSTB  (ii.  5), 

BTBTlr-<rr/IJ7JUICZX»B.     Syn.  with  CrAHXTHTLAiCins  (iL  190). 
BTBTX-CTAlf  AXriKIVB.     See  PHHNTLAifijra,  DEWTATTVsa  OF. 
£THTii-]>XACSX&MZBB.    See  ETHTi.AcsTiJcn)B  (ii  &52X 
BTBTXi-SlTHlOirzc  ACrD.  Syn.  with  ethyl-ralphnroiu  add.  (See  Sultet*- 

oua  sTUBus.) 

BTBT&-CABBAJiCil>BS,  OT  Eihyt-ur*a». — These  compounds,  deriwd  from 
carbamide,  or  urea,  N'(CO)".H*,  by  the  substitution  of  ethyl  for  the  whole  or  part  of 
the  hydrogen,  have  already  been  pailly  described  under  Casbaicidb  (i.  7o4J.  The 
following  additional  statements  have  been  recently  published  by  Wurtx  (Rep.  Chink 
pore,  1962,  199)  and  Hofmann  {Proc.  Roy.  Sot  ii.  273  ;  Compt  rend.  Lv.  252). 

Eikyi-carhamide.  N*.(CO)''.C'H*.H'.— CryBtallises  in  obliaue  rhombotdal  psumi 
having  the  obtuse  edges  truncated.  Meltfi  at  92°  C.  By  diy  aiatiUation  it  give*  cS 
ammonia  and  a  small  quantity  of  ethylamine,  and  leaves  a  reaidue  consisting  ti% 
mixture  of  cyannric  ethers,  the  chief  product  being  diethylic  cyanarate 
C»[(C»H»)VH.]N«0>(p.  293).   (Wurtz). 

Dietkyl.carbamide,   N\CO)''.(C'H*)*-H>,— Ooborless,  prismatic cxyitalfl  Mlnhfe 
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in  water  and  alcohol ;  from  the  alcotiuHc  nnlution  It  separate  in  sflky  fletxibla 
nondeliqnnmit  nefdles.  Melto  at  109-—IV2-6°C.  Bofls  at  263<*  {corrected). 
Wh«n  boiled  with  potaah,  it  giyea  off  ethjb mine ;  N^  (COnC»H»)*.H«  +  H»0  - 
(X)*  ♦  2(N.C«H».H'')-  It  likewise  gives  off  Pthykminewheo  treated  with  nitfouf  add. 
WHmi  chlonne  ia  paaaed  into  a  solution  of  diptliytcarbainid(>,  a  b^vy  riticid  oil  ia  pre- 
cipitate, purtially  Boluble  in  watir,  and  having  a  burning  tast*  and  p«viilisr  odour. 
Nilrato  of  diethylcorbamide  forma  rhomboidal  prisma,  much  flattened  and  ratrCTnely 
d«l>qufMC**iit. 

Diethylc&rbamide  cxhibita  exactly  the  aame  propertiefl,  whether  prepopod  by  tbo 
ftction  <jf  cyanate  of  ethyl  on  ethylamine,  or  of  water  on  eyanate  of  ethyl.     ( Wurtt.) 

Trieth'ylcarhamide.  C^'^N'O  -  N» f CO)" (CH»)».H.  — Produced  by  tJje 
action  of  <7anat«  of  ethyl  oo  diethylainine.     (HofmaoiJ,  Wurta.) 

N.CCH»)«.H   +  N.CCO)-.C*H*  -  jr«.{COr.(C»H»)«.H. 

It  forma  soft  crystala,  soluhle  in  water,  aleohol,  and  ether,  melting  iit  63'  C,  and  distilling 
without  de«ompo0ttion  at  223°  (Hofmanu) ;  boik  at  about  235'^.  (WurtK.)  It  doea 
not  appear  to  combine  with  acioa,  with  chloride  of  sold,  or  with  chloride  of  Dlatinum. 
By  the  MXian  of  aUcalia  il  ii  reaolred  into  ethylamuM,  diethjlamine,  aDdcarbome 
auhydride.     (H  o  f  m  a  n  n.) 

Dittki/l-tricarbonjfi-tttramide  or  -tftramine.  CH^N*©*  -  N\((50)\ 
(C^*)*.H'. — This  compound,  which  may  be  regarded  a«  a  carbaaiidej  or  urea,  of  a 
higher  order,  ia  produced  by  the  action  of  cyanate  of  ethyl  on  urea : 

CH*N»0     +     2C«H»N0     =     CrH'«N«0'. 

It  isniaring^y  soluble  in  cold  waiter,  but  diasoh'es  easily  in  boiling  water,  and  crystal- 
liaea  therefrom  in  bi-ittitiful  white  scalen  baring  a  silky  lustre.  It  is  easily  soluble  in 
•Icohol  und  ether;  disaolrcjt  abo  in  acids,  but  not  more  readily  than  in  water;  also  in 
cold  potjif^h^  and  i»  {n-ot^ipitutcd  unchanfed  from  the  solutioo  by  acids. 

By  boiling  with  potaah,  boweror,  it  u  decomposed,  yielding  ammonia,  etbylamine, 
Aud  carbonic  anhydride : 

N«.((5b)*(CH»)*.H«  +   3H»0   «  2NH»  +   2(N.C*H».H»)   +    8C0». 

This  compound  is  isntneric  with  duikylcyanuraU  of  ammonium,  (?[(0*H*)*.NH*]N"0»; 
bat  it  does  not  exhibit  the  characters  of  an  ammonium-aalt     (Hof  man  n.) 

The  hydrated  base  produced  by  the  action  of  cyanuric  ether  on  cthylat«  of  sodium, 
via.  triethyl-carbony  1-triamine,  N».(CO)".(C'H*)».H*  (p.  662),  u  also  related  t» 
the  ethyl-earbamides. 

mrrBrrsaarm.  C'H*  or  OH*.  Ofrfiant  y**,  BkarhurrtUd  ffjfdrym.  Heavy 
Curhurrtlrd  HvdriMjtn,  E/ai/i,  Ethene,  Ethfrin. — This  compound  was  discovered  in 
1796  by  four  Dutai  chemists,  Deimun,  Pneta  van  Troostwyk,  Bondt,  and 
Lau  w e re n burgh  (Crell.  Ann.  1796.  ii-  195,  310.  and  430;  Gilb.  Ann.  ii.  201).  It  is 
produced  by  heating  alcohol  with  strong  sulphuric  acid  or  boric  anhydride;  and  by  the 
dry  distillation  of  formates,  acetatea,  butyrates,  and  many  other  organic  bodiea,  espe- 
cially fats,  resins,  caoutchouc,  wood,  roal,  &c.:  it  is,  thorefttre,  a  con(»tituent  of  coal-gas, 
being  in  fact  the  compound  to  which  that  gas  chiefly  owes  its  illuminating  jiower.  It  haa 
alao  been  shown  by  the  experiments  of  Berthelot  (Compt  rend,  xliii.  236)  that 
ethylene,  is  well  as  other  hydriioarlxins,  may  be  foriniMl  directly  from  inorganic  ma^ 
terialst  as  when  a  mixtore  of  disulpliiJe  of  carton  and  sulphurett^  or  phosphoretted 
hydrogen  i«  passed  over  red-hot  copper,  or  more  abunilantly  when  a  mixture  of 
dtsulpnide  of  carbon,  sulphuretted  hydrogen,  and  carlionic  oxide  ia  paase^l  over  red-hot 
iron.  A  mixture  of  ethylene  with  tritylene  and  njarsh-gua  is  al»o  obtained  by  the 
dry  distillation  of  formate  of  l>Mrium  ;  nwi  as  formic  acid  may  be  prodaced  by  th« 
action  of  carbonic  oxide  on  hydrate  of  pot^w'^iuni.  it  fcdiovrs  that  the  ethylene  may  b« 
considered,  in  this  rase  also,  u  produced  &om  inor^ranic  materials. 

Prrparatiem.—l,  A  mtxtore  of  I  vol.  strong  alcohol  and  4  vol.  sulphuric  acid,  ia 
gmtly  heated  in  a  iask  or  retort,  and  the  evolved  gaa  is  pnsaed  through  two  Woulfo'a 
bottlce  —  one  containing  milk  of  lime  to  irpe  it  irom  sulphurous  acid,  and  the  other 
containing  stpjng  sulphuric  acid  t4>  absorb  the  vapoars  of  »>tlier  and  aleohoL  The 
mixture  aoon  blttckt^ns.  and  froths  considerably  towards  the  end  ;  the  frothing  may, 
boweTer,  be  prevented  by  adding  a  sufficient  quantity  of  sand  to  the  mixture  to  form  it 
into  a  thick  paste.  A  very  good  way  of  condwting  the  process,  given  by  Mitacher- 
lich  (Ann.  Ch.  Phys.  [3]  vii.  12),  is  to  boil  alcohol  of  80  per  cent  in  a  flask,  and  ptu« 
the  vapour  into  a  boiling  mixtore  of  10  pts.  strong  aulphorie  add  and  3  pta,  water 
(boUing  potmt  160 — lGh°  C).  In  this  case,  themixtnre  does  not  blacken,  and  the  gaa 
obtained  ia  free  flom  sulphuroos  acid  ;  but  it  requires  to  be  purified  from  ether  and 
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idcoHol  Taponr  as  before.  The  artion  coDsistj  oltiinately  in  a  delijdratioii  of  tb* 
alcohol ;  C^RHJ  -  H»0  =-  C>H* ;  but  it  is  probable  th»t  ethTlaulphnric  acid  isfini 
foniiwl,  and  yi*lda  ethylene  by  ita  8ubs«iuent  derompositi^^D,  C'H*.H.SO*  —  C*H»  + 

2.  Abaolntfl  alcohol  is  mixed  with  four  times  its  weight  of  fa»»d   >>ori<?  anhydiidi; 
and  the  mixture  gently  heated  in  a  retort.     A  large  (quantity  of  ethylene  gas  ia  f" 
evolired,  which  may  be  rendered  pure  by  mere  woahing  with  water.     The  reajdl 

tlie  retort  aenres  for  a  fronh  operation,     tha  only  inconvenience  of  thi«  method  il,  1  

tlie  deliTcry-tubcs  are  apt  to  btM?ome  stopped  up  by  solid  boric  anhydride  mechanicilty 
ciirned  over:  henco  it  ia  necoseaty  to  use  very  wide  to  bee.  (E  helm  en,  Ajui.  Ch. 
Phrs.  [3]  iTi.  139.) 

ProprrhV*.— Ethylene  t»  a  coloiirleM  gas,  having  a  faint  ethesval  odovr ;  if  quite  6t* 
from  ether-Taponr,  it  would  probably  wj  destitute  of  odour ;  it  ia  izrespin^CL  lU 
■pecific  gravi^  is  0-Q7B4  (Saaesure),  answering  to  a  condeaaatioa  to  2  toL  (Ij 

etlcttlution,   H-li^-^— i.li  x  00693 -09702).   When  exposed  to  strong  prB«n»^l*a 

temperatore  of—  110°  C,  it  eondanses  to  a  Umpid  liquid,  which  does  not  aolidiiy. 

Elhyleiie  |?m  ia  nearly  insoluble  in  water,  and  dissolTee  but  Bparingly  in  alnAol 
(see  Gasks,  AusoamoM  of)  ;  tthcr  diMolvea  it  more  fireely.  It  is  likewise  abaortwd  Ij 
cuprotiB  chloride, 

Drctrmpomtiont. — Ethylene  passed  throngh  a  red-hot  tube  is  resolred  into  i 
and  free  carbon,  C^H*   =   CH'   -f   C.     It  is  very  inflammable,  and  bums  io  th*< 
with  a  bright  white  flame ;  probably  undemiing  in  the  flame  the  same  decompootxti 
at  when  passed  through  a  red>bot  tube,  so  that  the  marsh -gas  boms,  and  the  sqwrateil 

Surtides  of  carbon,  beitig  rendered  incandescent  bv  the  high  temperature  thos  pn> 
uced,  give  to  the  flame  its  peculiar  brightQcsa,  Mixed  with  a  quantity  of 
juBt  sufficient  for  complete  combustion,  it  explodes  riolcntly  when  brought  io 
with  flame,  or  when  an  electric  spark  is  passed  through  the  mixture.  2  rob.  < ' 
containing  2  aL  C  and  4  at  H,  consume  6  at  or  6  toL  O,  and  produce  4 
besides  water.  In  chlorine  gas,  ethylene  bums  with  a  vexy  smoky  flame,  C*H*  ♦ 
CI*  =  4IIC1  +  C.  A  mixture  of  I  voL  ethylene  and  2  voL  chlorine  bums  tkf^ 
when  set  on  fire,  depoaitbg  a  veiT  laiige  quantity  of  charcoaL 

Comhinations. — Ethylene  is  a  diatomic  radicle,  uniting  with  2  at  chlorine,  broiniiM, 
cyanogen,  and  other  monatomic  radicles:,  and  witJi  1  at.  oxygen,  sulphur,  and  otixt 
dUatoraic  radicles.     With  the  elements  of  2  at  peroxide  of  hydrogen,  it  forms  hydiali 

of   ethylene,  ethylenie  alcohol,  or  glvcol,  and  with  the  peroxidea  of  tt- " 

radidee  it  forms  ethers,  which  are  aci«l,  neutral,  or  basic,  according  to  the  , 
of  the  combination.  With  chlorine,  bromine,  in^dine,  p«mitric  oxide,  and  tlie  i 
of  sulphur,  it  unites  directly.  It  La  quickly  abeorbed  by  sulphuric  anhydride,  and  hf 
Nordhausen  sulphuric  acid,  forming  ethiouio  anhydride  (p.  524)  and  laetliionic  too. 
When  briskly  iind  continuously  agitated  with  ordinaiy  strong  sulphuric  acid,  HW, 
it  unites  therewith,  forming  ethylaulphuric  acid,  C*H^*  (Bert helot,  Ann.  Ck 
Pharm.  xciv.  76).  Whea  it  is  heated  for  some  time  to  100^  C.  with  hydriodic  tai, 
the  two  combine,  forming  iodide  of  ethyl,  (C*H*  +  HI  -  C*H*I).  A  similar  actios 
talces  t)Iace  with  hydrobporoic  acid,  but  less  readily  ;  and  with  hydrochloric  acid  itti 
Tery  slow  indeed.     (Berth clot  Ann.  Ch.  Pharm.  civ.  184  ;  car.  114,) 

BTKT&Sira,  ACSTAVas  or.  (Wurta,  Compt  rend,  xliiu  199;  ADa.Ck 
Pharm.  c.  110;  Ann.  Cb.  Phys.  [3]  It.  400.  Atkinson,  PhiL  Mag.  [4]  x^4M; 
Ann.  Ch.  Pharm.  eis.  232. 

AfonoacetaU.    C*H«0'  -  c^h!*^'  "  (CH«)''.(?H'0».HO.     MonoacfOc  glfect, 

Gli/colic  motufaeetin.—0^talii6d :  1.  By  the  action  o£  bromide  o/ethyltiu  on  seeUlsof 
potassium : 

CTI»0| 


.  ethy 


C'H'Br'  -t-  2[^^2f*^]  *  ^^ 


2KBr4.     (<^*>"!o» 


0. 


1  pt  of  pure  bromide  of  ethylene  and  1  pt  of  acetate  of  potassium,  together  with 

2  pt«i.  of  85  per  cent  alcohol,  are  heated  for  two  days  to  100^  C.  in  a  strong  flask  (a 
soda-water  bottle  answers  very  welt)  securely  corked.  Bromide  of  potassiun  is  t^ 
formed,  together  with  a  colourless  liquid  containing  monnacetate  of  ethyleaev  ttttik 
acid,  and  acetic  ether  (fonned  by  the  sation  of  the  acetic  acid  on  the  aleobol),  hmiim 
slwhol  and  water.  On  distilling  it  monoacetate  of  ethylene  mixed  with  acetie  acU 
paasee  over  between  130°  and  180*  C^  and  Dearly  pure  monoacetate  from  180°  to  IS*". 
By  repeated  roctificatioQ  of  these  liouids,  the  pore  monoacetate  is  obtained,  bodiv  •! 
182*^.  In  the  first  distillation,  the  liquid  often  jumps  xiolently,  m  oonaeqneMS  oftbi 
separation  of  a  little  bromide  of  potassium;  in  this  case  an  equal  voloms  of  Kb* 
must  be  added  to  precipitate   toe  bromide  of  potassium,  ancl    the  liquid  fiitend 
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^Atkinaoo).  Mmrwell  Sitnp«on  recommends,  enpecioUy  fur  the  preparation  of  lug« 
^Tuntitiea  of  the  monoaceUtc,  to  heat  the  materialB,  not  in  »  elofted  reesel,  but  in  a 
Wge  Auk  connected  with  a  Liebig's  condenser,  in  such  a  manner  aa  to  cauae  the  con- 
denaed  vapoor  to  flow  back  into  the  TesseL  A  considerable  quantity  or  diacotate  of 
ethjlme  is  formed  at  the  aame  time  as  the  monoacetate  in  thia  reaotioa  (Louren^  o). 
—  2.  By  the  action  of  acetate  of  potaaaium  on  chloride  o/ethf/lene.  The  decomposition 
does  not  take  pkce  bo  readilj  aa  with  the  bromide,  and  required  the  mixturt;  to  be 
heated  for  three  or  four  days  (Atkinson), — 3.  By  heating  a  mixture  of  I  at.  glycol 
•ad  1  aL  leetie  mnhydride  in  a  sealed  tube  for  s«Terul  hours  at  a  temperature  not  ex- 
ceeding 170^  GL,  and  collecting  apart  the  liquid  which,  in  the  subsequent  distillation, 
pHMiOTer between  180"  and  188 »  C.  (Maiwell  Simpson.  Proc.  Roy.  Soc  ix.  726.) 

(«"HT|<^     .    (C^OrO    .    <S;}!T   jo.  .   C^-OJo. 

4.  By  baating  1  at  ethylenie  alcohol  (glycol)  with  1  at  acetic  acid  to  2G4<^  C.  in  a 
sealed  tube.    (Lonren^o.) 

Hommcetate  of  ethylene  is  a  colonrleaa,  oily  liquid,  boiling  at  182^  C.  It  ia  heaTiei 
than  water,  and  miscible  with  water  and  with  alcohol  The  aqueous  solution  ia 
DeutraL  It  h  easily  decomposed  by  potash  or  baryta,  yielding  hydrate  ;pf  othyleaOi 
and  an  acetate  of  the  ba8«. 

Monetkytenie  Diacetate.    CTI'«0*=|^IJvJ 0*  -  (CH*)".(C*HK)»)«.— Pro- 

duced: 

1.  By  the  Action  of  iodide  or  bromide  of  etliytene  on  acetate  of  silver: 

Iodide  of  ethylene  is  mixed  by  small  portions  witli  TwU-dried  acetate  of  silver,  and  the 
mixture  is  introJuced  into  a  flask.  A  bnsk  action  soon  begins,  and  the  mass  assumes 
m  yeUow  eoloor,  from  formation  of  iodide  ofsilTer,  and  gives  off*  a  considerable  quantity 
of  gaa,  principally  carbonic  anhydride  and  ethylene  (arising  from  secondary  actions). 
As  soon  as  the  mixture  is  snffidently  cooled,  a  fresh  portion  is  introduced,  and  tba 
process  continued  till  between  1(J0  and  150  prammes  of  iodide  of  ethylene  have  been  used. 
At  the  end  of  the  reaction,  there  is  found  in  the  flssk  »  yellow  mass  of  iodide  of  silver 
ntented  with  a  liquid ;  and  on  distilling  this  mixture,  which  requires  a  somewhat 
high  temperature,  an  acid  liquid  passes  over,  coloured  brown  by  iodine,  and  containing 
•MtlA  acid  besides  neutral  products.  When  subjected  to  fractioDal  distiUation,  it 
begins  to  boil  at  120**  C,  bat  the  temperature  soon  ribes,  and  the  portion  which  distils 
over  between  leo*  and  200°  roust  be  coUectod  apart  The  distillatei,  which  is  still 
acid,  is  redistilled  over  oxide  of  lead,  and  again  subjected  to  fractional  distillatinn,  till 
it  passes  over  almost  entirely  between  180°  and  100®.  If  it  still  contains  a  trace  of 
iooide,  it  must  be  rectified  over  oxide  of  silver  (Wurti).  Bromide  of  ethylene  is, 
however,  to  be  preferred  to  the  iodide  for  thia  preparation,  because  it  is  more  essilj 
obtained  and  has  a  lower  atomic  weight     (Wurtz.) 

2.  By  heating  moDoac«?taLe  of  etbylene  with  chloride  of  acetyl  in  a  sealed  tube  to 
100°  C.  for  a  day,  the  action  taking  place  in  two  atagea,  as  sitowa  by  the  following 
•qiaations: — 


cm*o.n 


0* 


CH'O.a 
Acet/I, 


C'lI'DJCl 

Ae«'tni)rrhlnrld« 

of  Ktii}'lene. 


0. 


Acetic  actd. 


MoonacMate  Of 

Ethjiten«. 


0.      ♦      CH^jo       . 


Acetic  actit. 


(C'H'V 
(6h'0)  , 

ni«rft.lr  of 
Kth)  leiM> 


0»    +       H»0. 


Two  layers  of  Hquid  are  thus  formed,  the  lower  consisting  of  water,  the  upper  of 
diacetate  and  acetoiychloride  of  ethylene,     (Lou  re  n  50,  Ann.  Ch.  Pharm.  ciiv,  126,) 

It  is  a  colourless  neutral  liquid,  nearly  inodorous  at  common  temperatures,  but 
smelling  slightly  of  acetic  acid  when  heated.  Specific  gravity  »■  1*128  at  0°  C 
Boiling  point  186=— 187°  C.     Vapour-d^-ntiity  -  4'744. 

When  poured  into  a  small  quantity  of  wafer,  it  sinks  to  the  bottom  in  the  form  of 
an  oil.  It  dissolves  in  7  pts.  of  water  at  22°,  and  is  separated  Irom  (he  solution  by 
chloride  of  calcium.  Alcohol  and  ether  dissolve  it  in  all  proportions  (Wurtz).  By 
banes,  in  presence  of  water,  it  is  resolved  into  acetic  acid  and  hydrate  of  ethylene. 
(Wnrtx.) 

Polyeth^/lfnic  ])iacetatet, — These  ethers,  which  maybe  regarde«l  as  {-oni  pounds  of 
ttceiic  anhydride,  C^HH)*,  with  2,  3,  4,  &c.,  molecules  oi  oxidu  of  ethylene,  aru  pn^ 
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duccd.  together  with  monpthylpnic  diacetate,  by  heating  oxide  of  ethylene  with  ghri4l 
■|u»«?tic  acid  or  iwetic  unhydridp,  and  may  b«  s*"p!irat*>d  by  frftctionnJ  distillation.  The 
finit  portion  of  the  distillate  cuusi«itd  of  moDtithylenic  diueetate,  uiter  which  theie  paM 
oyer  snooeBsiTely : 

DiethgUnie  diaeetaU,  f^HK)}*!^     ~  (C*H*<^)'C*H'0*,  boiling  at  aboat  260®  C. 
TrUihyUmic  diacetate,  l0^^yW   =  (C^H*0)'.C*H'0»,  boiling  at  about  890°  Q 

TftrHhyUnie  dwcrfa^c,  ^JSJ^Qvtf  O*  -   (C*H«0)*.C«H«0*,   a  viscid   liquid  which 

boils  above  W(P  C.  under  the  orclin&ry  atmoBpLcric  preasore,  and  requiroi  to  be  dis- 
tilled in  a  rnrcfled  atmOBpbere. 

The  Hume  compounda  may  be  proda»d  by  the  combination  of  neutral  diethylauc 
aeetate  with  1,  2,  3,  &c.,  molerulea  of  oxide  of  ethylene. 

Each  of  thpBi,  when  diatilled  with  potaah,  yields  the  corresponding  polyethylenie 
dJ(\>bol,  the  general  equation  of  the  decompoeition  being: 

ETxm.Ejrs,    ACBTOBirrTKATB    or.     C*H"0^    -    ^H'D  fo*    • 

C*H'0  ) 

(Cfl^'.CH'OlC'H'O'.  (Maxwell  Simpaon,  Proc  Roy.  Soc.  x.  115.)— Obtainwi: 
1.  By  heating  equiviileiit  quaiatities  of  bn^ate  of  ailver  and  acetoxychloride  of 
ethylene  to  101}° — 120°  C,  or  of  acetate  of  ailTer  and  butj'roiychloride  of  ethylene  lo 
loO^,  then  digesting  with  ether,  filterings  and  jiiftti'lling  (Simpson): 

(C»H«)",CH«0«.C1  +  C«H^O«.Ag  =  AgCl  +  (C'H^)".CH*0»,C*H'0». 

2.  By  heating  monoaeetate  of  ethylen*  with  batyric  acid  or  chloride  of  butyryl,  or 
mnnobutyrate  of  ethylene  with  acetic  acid  or  chloride  of  acetyl  (LourentjoV  It  it 
a  colourless  liq^uid,  haTirig  a  bitter,  pungent  ta«t«.  heavier  than  wat«r,  inaoluble  in 
water,  soluble  in  alcohol.  It  is  reir  stable,  being  but  slowly  decompoeed  \>j  aqaeow 
{Hitiiflh,  eren  at  the  boiling  heat     (SimpaoQ.) 

BTBTXEXTB.  ACSTOVAXERATII  OF.     O'E'^O'^  (C'H*r.CrH*0*.C*H*Ol 

(L<iuren(,o,  Ann.   Ch.   Pliarm.  ciiv.   122.)  —  Obtained  bj  heating  monoacetate  of 
ethylene  with  Talerie  acid,  or  vice  versi.     Colourleee,  oily,  neutral  liquid,  boilii^ 
about  230^  C,  inaoluble  in  water,  soluble  in  alcohol  and  ether. 

BTErrziVzrs,  acstoxtcki.obxiis  or.    C'WCIO^  -  {Cm*y.(?EKm 

frfi/cot  rftloracttKjue,  <ihn\t}ic  Vhloraatiii,  (Max well  Si mpeon,  X,  114.) — Obi 
by  paftsins;  dry  hydrochiijiric  acid  gus  into  mouoacetate  of  ethylene  at  100°C.,  pi 
tuting  with  water,  washing,  drying,  and  rectifying.  It  ia  a  colourless  liquid,  ha' 
efwcific  graTity  of  1-1783  at  6°  C.  BoiJa  at  145°  without  deeompoeition.  Vi 
density  by  observation  «=  4-369  ;  by  calculation  (2  vol)  =  4*244. 

BTSTXiSirav   acbtoxtzodxsb   or.     c*h;io»   =    (CTI*)*.!^!!^)*!. 

Gtffeol  iodaeetiqiu,  Glyoolie  lodactiin. — Obtained  by  poasing  hydriodic  acid  gac  into 
monoacetate  ot  ethylene,  or  a  mixture  of  equiraJent  quantities  of  glacial  acetic  acid  and 
glycol,  externally  cooled,  till  a  portion  of  the  liquid  giree  a  eonaiderablo  oily  precipi- 
tate on  the  addition  of  watejf ;  if  the  passage  of  the  gea  be  fkrther  continued,  iodide  of 
ethylene  ia  likely  to  be  formed.  The  product  ia  well  waahed  with  very  dilute 
and  dried  in  vacuo. 


Glycolic  iodacetin  ia,  at  ordinary  temperatures,  an  oily  liquid,  having  a 

pungent  taste  ;  at  low  temperatures  it  crystaUiaea  in  table«.  It  sinks  in  waiet,  and 
i»  insoluble  in  that  liquid,  but  dissolves  in  alcohol  and  ether.  Heated  with  potaah,  it 
yields  iodide  of  potaesium,  acetate  of  potassium,  and  oxide  of  ethylene.     (Simpaon.) 

BTSTXiBirB,  BBiraOATB  Or.  C"H"0«  =  (cSo)*!^"  ^V^*^  ^^*^- 
toate.—^%  gnns.  of  benzoiite  of  aiker  (rather  more  than  2  at)  and  29  grina.  bromida 
of  ethylene  iixe  heated  for  several  days  to  KHJ^  C.  in  a  long-Decked  flask ;  the  prodad  is 
taken  up  with  ether,  and  the  solution  treated  with  a  small  quantity  of  alaLed  lime, 
then  filtered  and  distilled  in  the  water-bath.  The  residue  on  cooling  becomes  filled 
with  cryatals,  which  are  to  be  eepHrated  from  the  mother-liquor,  preaaed  betweea 
paper,  and  purified  by  fleveral  reeryptallisationB  from  ether. 

By  spontaneoua  evaporation  of  the  ethereal  solution,  the  compound  ia  deposited  is 
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_,  edoarleM,  right  rhomboiJal  prUmii,  which  melt  at  67^C,  fbrminff  •  liquid 
trhich  boila  at  a  t«rap«'rature  above  thp  boilin<;  point  of  merctiry,  and  distils  without 
alteration.  It  is  eaaily  decomposed  by  heating  with  potash,  yielding  hydrat<?  of 
•tliylene  and  benssoute  of  potassimii.     (Wurts,  Ann.  Cb.  Phys.  [3]  Iv.  iS?-) 

STSIXSnil,  BSOMOK  C^T.  C'H'Br*.— Thia  compound  was  diaoovvred  by 
BaUrd  ia  1)426  (Ann.  Ch.  Phys.  [2J  xzxii.  375)^  further  examined  by  Lowig  (DttC- 
Brom  ynd  »ein  cke^nuachea  VerAttHm,  Hcid.  1829,  p.  47X  SerallaB  (Ann.  Ch.  PhyftJ 
[21  xaaix.  228),  D'Arcet  {Llnstitut,  1835,  No.  1(I5  ;  J.  pr.  Chem.  v  28),  and  Eeg. 
nault  (Ann.  Ch.  Phys.  [2]  lii.  358).  It  is  produced  by  the  direct  combination  of 
bromine  with  ctliylene.  Bromine  p-adually  dropped  into  ethylene-gaa  quickly  looea 
its  colour,  abflorbs  the  gas,  and  i»«  cuuvurled  into  bromide  of  ethylene,  wMcb  may  h« 
pvrifled  by  waahiog  it  with  alkaline  water,  and  then  d'gti'll'ng  over  sulphuric  acid  .md 
caustic  baryta  alternately  (Balard).  As  the  combination  is  attenned  with  gri-Ht 
evolution  of  heat,  which  may  occasion  loss  of  bromine,  it  is  usually  recommended  to 
pan  a  stream  of  ethylene-gaa  throiigh  bromine  covered  with  a  layer  of  water ;  unless, 
aowerer,  the  current  of  jjas  is  very  slow,  there  is  great  ri»k  of  both  ethylene  and 
bromine  being  carried  off  ancombiat-d.  The  following  is  a  good  method  of  prepara- 
tion :  —  A  strong  gla»9  bottle  of  2  or  3  litres  capacity  is  prodded  withi  a  perfontted 
cork,  through  which  is  fitted  a  glass  tube  open  at  both  ends,  and  reacbing  nearly  to 
the  bottom  of  the  bottle,  while  the  upper  end,  slijihtly  projecting  ovw  the  cork,  com- 
monieates  by  means  of  a  flexible  caoutchouc- tube,  with  a  gaa-bolder  containing 
ethyleoa  To  start  the  operation,  the  botlI»^  is  detached  and  fllled  over  water  wit  h 
ethylene-gaa,  into  which  are  then  poured  from  100  to  l^Ogrms.  of  commercial  bromine 
«nd  about  half  that  quantity  of  water,  the  cork  with  the  glass  tube  being  imme- 
diately replaced.  Un  gently  agitating  the  bottle,  the  ethylene  is  rapidly  absorbed,  and 
on  torning  the  stop-cock  of  the  gas>holdcr,  the  gas  ruMhes  into  the  bottle  as  into  a 
Tacuom.  If  the  a^^itation  be  continued,  a  very  large  ToIum«  of  ethylene  may  be  thus 
united  with  the  bromine  in  a  Terr  short  time,  without  the  lo«8  of  a  particle  of  the  con- 
■titaents  or  of  the  compound.     (Hofmann,  Chem.  Soc.  Qu.  J,  xiii.  67.) 

Bramide  of  ethylene  is  a  eolourieas,  fragrant  liquid,  which  solidifies  to  a  erjstalline 
mam  at  about  0"  C.,  melt*  at  9^  and  boils  at  129'^.  Specific  gravity -2- 16.  Vapotir- 
densi^  B  6*480  (Bcgnaalt):  by  cakulatioa  (2  toL)  sr  6  fiG4.  It  is  iosoluble  in 
waier^  but  soluble  in  aicvkot  and  in  fthcr. 

Bromide  of  ethylene  is  decomposed  by  alcohoUe  potatk,  which  abstracts  the  elemen 
of  a  molecale  of  bydrobromic  acid,  leading  br«nnelhylcne  or  bromide  of  vinyl,  C^*I 
With  suJphi/drale  of  pviauium  it  yields  salphydi-iite  of  ethylene,  C'lI'-K^.S*;  with 
tHonosufphtelr  and  diaidphidt  of  pntaMtum^  it  yjf*ldLH  mono-  and  disulphide  of  ethylene. 
With  aedaU  of  iiiver  it  yields  diacctiite  of  ethylene  (p.  ftG'),  and  acts  in  like  manner 
on  other  silver-salts.  With  aatate  of  potatsium,  dissolved  in  aqueous  alcohol,  it  fonns 
monoacetate  of  ethylene  (p.  667).  According  to  Lourcnt;^  the  first  product  of  the 
action  is  diacetate  of  ethylene,  which  is  then  resolved  by  the  water  present  into  mono- 
acetate  of  ethylene  and  acetic  acid  (or  by  the  alcohol  into  monoacetate  of  ethylene 
and  acetic  ether).  Heutj-d  with  ci/anidf  of  poiagsiuTn,  it  yields  cyanide  of  ethylene, 
CH'Cy' (Simps on,  i.  314).  With  ammonia  it  forms  ethyleneHlianune,  diethylene- 
diamine,  and  triethvlene-diamine.  For  the  reactions  with  tthylaminf,  phenylanune,  tri' 
ethtfiphfjsphirtf^  anif  other  organic  basea»  see  Ajcmomuk-Basbs  (L  196);  also  £thyiju<(B- 
Ba^ss  and  Phospiiqbus-Basbs. 


Brominated  Dcrivativfa  of  Bromide  of  Etht/Une, 

Brominle  of  ethylene  is  decomposed  by  alcoholic  potash,  which  abufnictsthe  elo: 
of  one  molecule  of  hydrobromic  acid,  leaving  monobrom ethylene,  C^H'Br.     This  oom- 

Eound.  like  ethjl«'ne  itself,  unites  with  2  ut.  bromine,  forming  C^'Il  Br",  which  is  in 
ke  manner  atfjtcked  by  alcoholic  potash,  yielding  dibroniethvleoe;  and  by  continuing 
this  alternate  tn-utment  with  alcoholic  pot^ish  and  bromine,  the  two  following  series  of 
compounds  are  obtained : 


Bromethylene 
Dibromethylene 
Tribri^niftitylino 
TftmbromethvlcnH  or 
Dfbromide  of  Curbon 


CH*Br 
C^H»Br' 
CllBr* 

C'L'r 


Pibromrdf"  of  Bromelbylenc     .  CH'Br.Br* 
liibfomJdc  of  Dibromcthylene    CH*Br*.Bf* 
DilTOmide  of  Tribromelhylene  C-HBr*.Br' 
Dibromide  of  fetrabromethy- 
leae,  orTribromide  of  Carbon  CBr*.Br*. 


Bromethylene  was  discovered  by  Regn  aul  t  (Ann.  Ch.  I'hys.  [2]  lix.  358) ;  the  reat, 
with  the  exception  of  CT3r'  and  C'Br*,  »vre  firr<t  obtained  by  C  a  hoars  (Compt.  reod. 
xxxi  -'93),  who  did  not  parfictdarly  describe  them  ;  he  obNTVed,  however,  that 
the  bromidca  of  tiic  bromelhylcDcs  are  more  easily  attacked  by  alcuholik- potash,  ia 
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C^H»Br 


CH*. 


pmportiaa  as  th^j  contain  mom  bromioe,  th«  rtwtion  jieldlog,  in  addition  to  bromidt 
of  potouiom  and  a  brominuted  ethylene,  potaaaium-salU  of  peculiar  brominated  add* 
which  hare  not  be«n  examined. 

Bromttkylene  or  Bromide  of  Fint/l.  CEPBr. — A  mixtnre  of  bromide  of  etfayleac 
•ad  alcohoUe  potub  heated  to  30"  or  40°  C.  givea  off  a  gaa  wliich,  when  purified  bj 
passing  tbrou^h  water,  then  orer  chloride  of  culcium,  and  condensed  in  a  ncvirer 
Etumunded  with  ice  and  udt,  jieldn  bromethylena  as  a  colourless,  very  mobile  liquid, 
having  on  alliaceous,  ethereal  odour.  Specific  gravity  about  r62.  BoiU  at  ordioaiy 
ternperaturea.  Vapour-density  ■=  3*691  (Begnault).  When  kept  in  a  sealed  tube 
it  sometiiiiea  solidifies  to  a  white  amorphous  moss  of  the  same  compoaition,  baring  the 
appearance  of  porcelain,  insoluble  in  water,  alcohol,  and  ether ;  this  solid  modificah'nn 
■when  heated  becomes  carbonised,  with  violent  evolution  of  bydrobromic  acid.  (Hof- 
mann,  Chem.  Soc.  Qta.  J.  xiii.  68.) 

Potassium  heated  with  bromethyleDe  decomposes  it,  with  ignition.  Chitmne  attacks 
it,  forming  an  oily  sulotonce  (Hegoault).  Viii)!  cthutaU  or  amylaU  of  todiutn,  xX. 
yicliift  bn>mide  of  sodiani,  ethvlic  or  amylic  alcohol,  and  acetylene  (Sawitach,  BulL 
Soc  Chim.  de  Paris,  1861,  p.'?) : 

Brome<h)'lcD«.       Bthria|«or  Alcohol,  Acetylene, 

■odium. 

A  flimtlar  transformation  takes  place  when  bromethylene  is  passed  into  an  amnio- 
niMi^al  solution  of  aitmte  of  silver,  the  silver^eom pound  of  acetylene  being  then  pro- 
duced.   (Miaanikoff^  r6rV.  p.  12>) 

BromidtofBromtthyUnt.  C»H*Br*=C»H*Br.Br*.— Obtained  by  adding  brr»mine 
by  small  portions  to  bromethylene  contained  In  a  long-necked  flask  surrounded  b^  a 
ftrwzing  mixture ;  purifipd  by  washing  with  alka-Une,  and  with  pure  water,  drying  with 
chloride  of  calcium,  and  rectification.  It  is  a  colourless  liquid,  having  an  o<loDr  »onje- 
whut  like  tliat  of  chloroform.  Specific  gravity  «  2*620  at  23°  C.  Boihi  at  186-5'' C. 
(Wur(  z.  Ann,  Ch.  Phy»  [3]  li.  84  ) 

Alcoholic  potash  eoaverts  it,  psrtly  into  dibrom ethylene,  partly  into  monobromethy- 
lene,  and  the  latter,  by  the  ftirtncx  action  of  the  alcoholic  potash,  is  decompoaed  in  the 
manner  above  tneotioned,  yielding  among  other  produets  acetylene  (Sawitsch),  and 
bmmncetylene  (Reboal),  If  the  bromide  of  bromethylene  is  added  by  drops  t^  a 
boiling  solution  of  alcoholic  potash  contained  in  ii  flu»k  from  which  the  air  has  beeji 
expelled  by  boiling  the  liquid  for  a  short  time,  and  the  evolved  vapoun  an  freed  frnm 
admixed  alcohol  and  dibromethylene  by  passing  them  through  two  or  three  wash- 
bottles  containing  water,  and  in  which  tho  air  has  been  replaced  by  carbonic  anhydride,  a 
eonsiderable  quantity  of  gas  is  obtained,  which,  when  freed  fh)m  carbonic  anhydride  by 
notosb,  is  spontaneously  inftaminable.  and  is  found  to  consist  of  a  mixture  of  acetylene^ 
C»H«,  and  bromacstylene,  CHBr.  (Reboul,  Ann.  Ch.  Pharm.  cxxiv.  267.) 

Dibrometkglene.  Cff'Br*. — Produced  from  the  preceding  compound.  CHTV, 
by  the  action  of  sodium,  of  solid  hydrate  of  potassium,  or  of  alcoholic  potaish. 
When  solid  potash  is  used,  the  action  is  »o  violent  that  the  dibromethylene  distils  over 
Almo.<it  instantly.  With  alcoholic  potash  the  action  is  more  moderate  ;  and  by  drop- 
ping tho  bromide  of  bromethylene  into  boiling  alcoholic  potash,  separating  the  resnlt- 
ing  products  as  above  described,  and  rectifying  the  liquid  collected  in  the  flrat  wash- 
lottle,  the  dibromethylene  is  obtained  pure. 

Dibromethylene  is  a  oolourlesK,  limpid  liquid,  which,  in  contact  with  the  air,  becomes 
turbid  and  deposits  a  white  substance  of  isomeric  composition  ;  having  a  specific  gravity 
of  3-063  at  IA^5°  C. ;  insoluble  in  water,  alcohol,  and  ether,  nearly  insoluble  in  disulphid'e 
of  carbon  ;  not  attacked  by  mineral  acids  at  mean  temperature  ;  decomposed  by  aqoroui 
ammonia,  slowly  in  the  cold,  more  quickly  and  completely  at  KKT  C,  with  rormatioa 
of  bromide  of  ammonium  and  siF'paration  of  a  carbonaceous  subatsjiee.  Aqueous  potash 
acts  in  like  manner  but  more  slowly.    (Sawitsch,  Jahreaber.  t  Chem.  1860,  p.  430.) 

Bihromide  of  Dihrometht/lenr.  CH»Br*  =  C*H'Br».Br".  (Lennox,  Chem. 
Boc  Qu.  J.  xiii.  206. — Beboul,  h>c.  cit.). — Produced  :  1.  By  the  direct  combination  of 
bromine  with  dibpomethylene,  which  takes  place  with  great  energy  (Lennox). — i  By 
pasaiug  acetylene  gas  into  bromine,  the  compound  C-H'  then  taking  up  4  at  Br, 
(Reboul).  When  purified  by  washing  and  rectificiition,  it  boils  at  about  200" C, 
but  with  partial  decomposition,  giving  off  vapiura  which  powerfully  attack  the  eyes. 
When  exposed  to  a  freeaing  mixture,  it  solidifies  to  a  white  crystalline  mass.  It  is 
insoluble  in  water,  but  easily  soluble  in  alcohol  and  ether  (Lennox).  Specific 
gravity  288  at  22°  C.     (Reboul.) 

Ttihromtthjfhne,  CHJJr". — Obtained  by  treating  the  last  compound  with 
alcoholic  potash,  and  precipitating  with  water.    It  is  an  oily  liquid  boiling  at  \Vfi  C, 
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And  tfi  to  chAOge  Rpontiineotuljr  into  an  utimeric  solid,  euUy  soluble  in  nloohol  and 
ia  etMT,  from  ^nuea  it  crystdlues  in  coloorleM  plat«8.  An  alcoholic  or  tthereal  bo- 
Itttioa  of  the  oily  modification  likewme  yiftida  the  cryatalline  solid  bj  alow  «Tsportition. 
(Lennox,  /or.  at.) 

Dibromideo/Tribromeihylene.  CHBr*  -  C»HBi*.Bi*.— ObUiin«d :  1.  Bjcm- 
ttottsl/  distilling  tribromethyleQe  into  a  receirw  containing  bromine.  Combination 
takfls  place  with  considenible  eneigy,  and  the  product,  alter  wuabing  with  weak 
potaah  and  witJi  water,  is  a  ;eUowij«h-red  oil«  soluUe  in  alcohol  and  ether,  and  Holidi- 
lying  when  expoaed  to  a  fn^uritic  mixture.     (Lennox,  toe.  cit.) 

S.  By  the  action  of  bromine  od  broraaoetylene,  C-HBr.  When  the  gaaeou  mixture 
of  this  compound  and  acotylene  (p.  57o)  is  puased  into  bromine  covered  with  a  layer 
of  water  (to  moderate  the  action,  which  it  otherwise  so  violent  as  to  set  the  gas  on 
fifip),  each  of  these  bodice  takes  up  4  at  bromine,  forming  the  compounds  CH'Br'.Br*, 
and  OHBt'.Br',  and  a  liquid  is  obtained,  which,  when  freed  from  ezcesii  of  bromine 
by  aqieoos  potash,  and  sufficiently  cooled,  deposits  the  Latter  compound  in  ctystala, 
while  the  former  remains  liquid,     (Reboul.) 

Dibromide  of  tribrometJij-lone  is  insoluble  in  water,  but  soluble  in  alcohol  and  ethn 
(Lennox,  Reboul),  especially  at  the  boiling  heats  of  these  liquids,  and  crystallise* 
from  its  alcoholic  H«>lulioa  in  beaatiful  prisms.  It  smells  like  camphor,  melta  at 
48^ — 60°  C  and  is  decomposed  by  distillation.     (EebouL) 

Trtrabromrtki/ltnt  or  I}tbr<tmidt  of  Carhon.  C*Br". — Produced  by  the 
action  of  alcoholic  potash  on  thecompound,  C'HBr*  (Lennox),  also  by  that  of  bromine 
on  alcohol  or  ether  (Lowig).  It  is  a  white  crystalline  solii  For  its  properties  and 
reactions  see  vol.  L  page  76i. 

Dibromide  of  Trtrabromethjfiene  or  Tribromide  of  Carbon.  CBr*  — 
CT3r*.Br*. — Obtained :  1.  By  heating  bromine  in  a  sealed  tube  with  dibromide  o! 
carbon. — 2.  By  heafing  either  of  th*-  compounds,  C*H'Br'  or  C^HBr*.  with  bromine  and 
water  in  sealed  tubt-s  to  lOO^^C.  for  16  to  20  hours,  or  better  to  180'^  for  a  few  houra. 
Hydrobromic  scid  is  then  formed,  and  as  the  tube  cooU,  the  compound  C"-Br*  is 
deposited  in  cryatala ;.  the  remaining  liquid,  which  still  smells  of  bromine,  deposita, 
irbeo  left  to  evaporate,  a  mixture  of  tribromide  of  carbon  and  dibromide  of  tribrom- 
ethylene,  whi<rh  tniiy  ba  separated  by  alcoho!.  The  formation  of  tribromide  of  carboa 
is  represent fd  by  the  equations : 

CH-Br*   +  Br*  -  CBi*  +   2HBr 
•od 

CTIBr*    +  Br*  -  C»Br*  +    HBr. 

Tribromide  of  carbon  is  but  very  slightly  solable  in  alcohol  and  etiier,  eren  at  th* 
iMiline  bcata  of  these  iiquiiis,  but  dissolTcs  easily  in  sulphide  of  carbon,  and  »<-pHrMt«« 
from  the  solution  by  sponfaoeouB  evaporation  in  hard,  rather  thick,  transparent  cryst^ila, 
having  the  form  of  rifjht  reotangalar  prisma,  with  truncation  of  the  lateral  and  two  of 
the  basal  edges.  When  heated,  it  decomposes,  before  melting,  at  200"— 210**  C  into 
bromine  and  dibromide  of  carbon.     (Bobout,  Ann.  Ck  Fharra.  cxxiv.  271.) 

STSTXiXX-s,     ^TrmuLTM     or.     C'»n'»0*-  jc'H'wf^*  "  i^'^T- 

(C*I1'0')\— Obtained  by  heating  for  several  hours,  in  the  water-bath,  a  paste  com- 
poaed  of  90  grma.  (2  at.)  butyrate  of  silver,  48  grnw,  (I  at.)  of  bromide  of  ethylene, 
and  a  sufficient  quantity  of  butyric  acid,  exhausting  the  product  with  ether,  and  dis- 
tilling. After  the  ether  has  passed  over,  the  greater  part  of  the  remaining  hquid 
diatila  between  230^  and  240^  C.,  and  by  fractional  distillation  butyrute  of  ethylene 
ia  obtained,  boiling  between  239°  and  241°. 

Colourless  liquid,  having  a  strong  butyric  odour,  which  is  rather  persistent  when 
the  liijuid  is  rubbed  on  the  skin.  Specific  gravity  1*024  at  0^  C.  Boils  at  about  240°, 
•ad  distila  without  alteration.  Perfectly  iq»olab!e  m  water,  but  dissolrsa  in  all  pro- 
portions in  alcohol  or  ether.     (Wurts.) 

BTBTX.SVB.  BirrTsox'rcBi.omrDB  or.  C«ir'C10"»(C*H«)''.C*H^0».Cl 

Gii/eoftc  Vhi'trt'hutffrtn,  Glt/coi  CMoruhutyritjw.  (Simpson,  !cc.  ciL) — Prepared  like 
the  atetoxyehloride  (p.  568).  Colourless  liquid,  having  a  pungent,  somewhat  bitter 
tast#;  insolnhle  in  water,  freely  soluble  in  alcohol.  Specific  gravity  1-(IW4  at  O^C. 
Boiling  point  about  190^. 

KTBTXiSWS,  CBXOBX3»fl  OF.  (771*011  Dutch  liqtiid.  —  This  compound 
wus  discoverod  in  1795  by  the  Dutch  chemist*,  Deiman.  Paeta  van  Troostwvk, 
Bondt,  and  Lau  werenburgh  (Crall.  Ann.  ii.  20U),  and  has  been  further  examinwf  by 
Liebig  (Ann.  Ch.  Pharm.  i.  213  ;  ix.  20),  Dumas  (Ann.  Cb,  Pbys.  [%]  xlviiL  IM), 
Lnurent  (.ibid.  Ixiil  377),  Regoault  {ibid.  Iviii.  301  ;  Ixix.  261  ;  Ixxi.  371),  Hal»> 
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gnti  (Ann-  Ch.  Pliyii.  [31  rri.  Sand  U),  and  Pierre  (Compt  reod.  xxr.  ISO).— 
St*e  alio  Gm.  (riii.  162).  It  is  easily  prodaced  bv  bringing  ethylene  gaa  in  eontatt  with 
moiBt  chlorine  (the  gaaes  scarcely  act  upon  each  other  when  dry),  or  with  *  metallic 
perchloride,  which  easily  give«  up  p*rt  of  its  chlorine,  or  l>y  the  action  of  pentacblorids 
of  phoflphonifl  OQ  hydrate  of  «tltylene. 

Prqtaraiion. — ^Ethylene  gas,  produced  by  beating  a  mixtare  of  aloobol  and  aulpbune 

Fiff,  470. 


acid  (p.  565),  U  pa«a«d  tfaron^  %  wuah-bottle  rontaioing  potaab  to  free  it  ttom  sd> 
phuroufl  acid ;  through  a  second  containing  alcohol,  which  reraoTee  vapour  of  etherf 
and  sometimes  through  a  third  containing  water  to  fine*  it  from  alcohol -vapour.  ll 
tliPQ  pu&sea  into  a  large  ghiHs  globe  {fig,  470)i  baring  along  neck,  which  df«scenda  into 
a  liottle  cloBtHi  with  a  wrk,  and  after  the  utream  of  gas  has  been  continued  long 
enough  to  expel  the  air,  moist  chloriue  from  another  flask  is  also  admitted  into  the 
globe.  The  two  gas«  then  umt«v  forming  an  oily  liquid,  which  mmi  down  bto  tlit 
receiver. 

2.  Ethylene  gaa  is  passed  through  the  tubulus  of  a  retort  contAining  a  slight] 
heatM  mixture  for  the  evolution  of  chlorine  (2  ptB.  bLock  oxide  of  manganese,  3  pt 
common  Bait,  4  pta,  water,  and  o  pts.  milphuric  acid),  and  the  chloride  of  ethTl* 
tlms  formwl  ia  diatillwl  off.     Thia  process  may  be  employed  for  the  preparatiOQ  of 
chloride  of  ethylene  by  mPiinB  of  coal-gas  instead  of  pure  ethylene.     (Limpricht.) 

3.  Ethylene  gaa  ispaascd  into  pentachloridc  of  antimony  (produced  by  «atn- 
raHtig  ordinnry  butter  of  antimony  with  chlorine,  i.  318),  and  the  product  i«  distilled, 
till  the  diatillute  no  lon|»:(>r  yields  any  oil  on  nddition  of  wat*r.  The  oily  chloride  of 
ethylene  is  then  decanted,  shaken  up  with  oil  of  vitriol  till  it  no  longer  blackena,  then 
di«tiUed  ovpr  a  wat^-r-balh. 

The  product  obtained  by  eitJifr  of  thcae  mcthoda  ia  purified  by  wanbing,  firwt  with 
mlkjilin<\  then  with  pure  wut«r,  dried  by  contact  with  chloride  of  calcium,  and  recti£ed. 

Propertift. — Bichloride  of  ethylene  is  a  colourless,  neutjnl,  oily  liquid,  having  a 
fragrant  etbereal  odour,  and  a  sweetisb  aromatic  t^ste.  Specific  gravity  «»  1-247  at 
18^0.  (Liebig);  1*256  at  W  (Eegnault).  It  boils  at  82'fi  under  a  preMOi*  at 
765  mm.  (Regnault).  at  SS**  under  a  pressure  of  770  roni.  (Dumaa).  Vapoim* 
density  —  3'4434  (Gay*LuHaac),  by  calculation  (2  vol.)  —  3-4303.  It  is  nearly  isao- 
Ittbla  in  uvier,  to  which,  however,  it  imparta  ita  odour,  but  soluble  in  alcohol  and 
fthffr.  It  diaaolvea  a  conaidenible  qtiantity  of  pho»phi<rtt»  when  heated  therewitii.  It 
may  be  mixed,  and  even  distilled,  with  strong  sulphuric  acid,  without  alteration. 

JOecaittpotitioits. — 1.  Dtchloride  of  {Ethylene  is  inflnmmable^  and  burns  with  a  giw*, 
very  smoky  flame,  giving  off  vapours  of  hydrochloric  acid. — 2.  Wlien  p:is-«ed  in  th# 
liquid  stnta  through,  a  red-hot  tube,  it  deposits  carbon,  and  yiiddR  a  mixture  of  hydro- 
chloric acid  gaa  and  a  hydrocarbon  which  buma  with  a  bluish  flame. — 3.  Pasted  in 
tlie  Btrtte  of  vapour  through  a.  red-hot  tul>e,  it  yields  chloride  of  carbon,  free  carbon, 
and  ctTtttak  of  naphthalin. — 4.  When  covered  with  ti'oirr  and  exposed  to  sunahioe,  it 
is  gradually  deoompoaed,  yielding  hydrochloric  acid  and  acetate  of  ethyl : 

2C»H*C1'  +  2H'0  =  4nCl  +  C*H*0*. 

5.  Cktonne,  especi&Uy  under  the  influence  of  heat  or  light,  tmnsformji  it  into  mono-, « 
tri-,  and  per-cMorethylcne. — 6.  Ammonia  gag  doea  not  act  upon  b'quid  dichloridp 
ethylene,  but  when  mixed  with  the  vapotir.  it  forms  sal -ammoniac  and  uninflammah 
ga«(Bobiquct  and  Colin,  Ann.  Ch.  Phys.  [2J  i  213,  ii.  206).— 7.  Tlie  dichlorid 
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liMUd  in  Bealed  tuhm  with  dcohoiie  amnumia,  yieldA  th«  bases  C*H*.H*.N*, 
(C»H*)*,H'.N«,  «nd  (C*H*)«.N'  (sw  Ervpjain-TiAsus.).  -  %.  Potamum  •rtackn  it 
Tiolenttj,  forming  h  porous  maiss,  im<\  eliinimiting  a  mixtore  of  hjrdrogan  and  chlur- 
vthylcQo : 

2C»H*Cn*  +  K»  -  2Ka  +  H»  +  2CH»a 

9.  It  is  scarcely  attacked  by  aqneous  potash,  but  hj  aicohotic  potash,  or  Hhylatt  of 
pt-tauium  (or  sodium),  it  is  resolved  into  hydrochloric  acid  and  dilorpthvlene,  Cil*CL 
— 10.  "With  stiiphydratf-,  monosuiphide,  ditulphidf,  and  atUphoctfanate  oj  poUutium^  it 
yields  the  correspondiiig  salts  or  ctlien  of  ethylene. 


Chiorinatfd  Derivativet  of  Chloride  of  Ethylene. 

Dichloride  of  ethylene  subjected  to  the  continued  action  of  chlorine  yields  the  bpt*^ 
ral  chlorinated  dichloridea  containsd  in  the  left-hand  column  of  the  foUoTring  tabl«, 
and  cadi  tenn  of  this  aeries  {^WiDniog  with  C'U'Cl'X  when  tn-uted  with  alcoholid 
petaah.  gives  up  1  at.  HCl,  ana  yields  ths  compotmd  standing  oppo&ite  to  it  in  tho 
right-hand  column. 


Dichloride  of  Ethylene 
Hooochlorinated     „ 
Diehlorinated  , 

Triclilorinat*d         „ 
Perchlorinated         „ 


\ 


CHVCP 
C*H'C1.C1» 

c^H'a'.ci' 

C*HCP.C1» 
C»C1*.C1' 


Clilorethylene  , 
Dichlorethylcne 
Trichlorethylene 
Ferchlorethyleno 


C»H»C1 

chh:i» 

C'HCl* 

c*ci« 


These  compoands  are  precisely  analogous  to  the  brominated  compounds  prerionsly 
described.  Each  compound  in  the  left-hand  column  of  the  table  may  be  produced  by 
tlie  action  of  chlorine  on  either  of  the  rompoimds  which  precede  it. 

ChJnrtthylfnf  or  Chloride  of  Vint/f,  CH*Cl,  is,  at  low  tempenitures,  a  rery 
mobih'  liquid,  boilinig  even  at  — IS*'  or  — 15°  C.  The  gas  has  an  alliaceous  odour,  take* 
flj*  with  difficulty,  and  bums  with  a  red  flame,  groeu  at  the  edges.  Specific  gravity 
of  the  ^s  =  2-160.  In  the  liquid  state  it  is  insoluble  in  water,  but  mssolvea  in  all 
firoportions  ia  alcohol  and  ether.  PotnSHitim  slichtly  heated  decomposes  the  gas, 
eliminating  carlx>n  and  a  small  quantity  nf  naphthtJin.  By  chlorine  in  sunshine,  and 
by  perchioride  of  antimony,  it  ia  converted  into  the  following  compound:  — 

Chloride  of  Chlottthylcne.  CHTl*  =  C»H*C1.CI».— The  l^eet  mode  of  prepa- 
ration ia  to  pa5S  the  preceding  gHseons  compotmd  into  an  apparatus  conraining  penta- 
cbloride  of  antimony,  and  kept  cool  at  the  beginning  of  the  action.  It  is  an  oily 
liquid,  boiling  at  116*^  C,  and  resembling  Dutch  liquid  in  appearance  and  in  odour. 
Specific  gravity  -  1*422  at  17°  C.  Vapour-density,  obswred  -  4'722 — 1 672  ;  oaleu- 
Uted  (2  ToL)  -  4'591. 

Dichlorethi/icne.  CH'Cl'.— Veiy  volatile  liquid  boiling  between  36°  and  40»  C. 
Odour  alliaceous,  like  that  of  monochlorethylene.  Specific  gravity  —  1-250  at 
16**  C.  Vapour- density,  observed  =.  3'321,  calculated  (2  vol.)  »  3-36.  When  kept 
in  sealed  tubes,  it  change's  sputauoously  into  a  white  crystulline  isomeric  subjrtance. 
If  poured  into  chlorine  gas  in  sunshine,  it  takes  lire  and  deposits  c&rboQ ;  but  if  poured 
into  the  chlorine  iu  the  shade,  left  there  lor  12  hours,  and  tbes  axposed  to  the  sun,  it 
is  completely  converted  into  crystals  of  perchlorinuted  chloride  of  ethylene,  or  sesqoi- 
chloride  of  carbon,  C^Cl'-CI*. 

Chloride  of  Dichlorethyhne,  C^H*C1'  =  CI1-C1*.CR— Produced  by  the  con- 
tinued action  of  chlorine  on  Dutch  liquid  or  on  chloride  of  chlorethyleni*.  It  is  a 
liquid  smelling  like  the  preteding  compoands.  Specific  gravity  -  rfi76  at  19"  C 
Boiling  point  136°  C.     VapDur-dcusIty,  observed  »  ofQQ,  calculated  (2  vol)  s=  5-821. 

Trichloreihylrne.  C*HCI*.— Produced  by  the  action  of  alcoholic  ptit.a.sh  on  the 
preceding.     It  ia  an  oily  liquid  which  gives  off  hydrochloric  add  when  dihtiijpd. 

Chloride  of  Trichlorethulent,  CHd*  =  C*HCl'.a*-— Produc<d  by  the 
Ri>t.ioD  of  chlorine  on  Dutch  liquid.  It  is  liquid  at  0°  C,  has  a  rathi^r  fragrunt  odour 
and  hot  sweetish  tasta.  Specific  gravity  -  1-66267  at  0°  C.  Boiling  point,  163  8° 
under  a  pressure  of  763-36  mm.  VHponr-dBnaity,  observed  =  7'087,  culeukled  (2  vol.) 
—  7'0I6.  Alcoholic  potnsh  rici^ompaes  it,  with  great  rise  of  temperature,  yielding 
chloride  of  potassium  and  the  following  compound : — 

Perehlorethylene  or  Dichloride  of  Carhon.  C*01*. — ^Producedalsoby  sevvnil 
other  reactions  (i.  767). 

Chloridf  of  Perchloreihylene  OT  Trichloride  of  Cat  bon.  C  C1*=»C*C1*.C1*, 
— Produced  b^  the  continued  action  of  chlorine  on  chloride  of  ethylene  cr  its  chlori» 
Dated  derivatives,  and  by  aerenl  other  reactions  (i.  766). 
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BTVTX.Eirz,  CHiOSZOSSBB  0]>.  C'H*CIL  (Maxwell  Simpson.  Tne. 
Boy.  Soc.  xi.  690;  xii.  278).— Produced  by  passing  ethylen»-gM  into  uqii-  ' '     ^* 

of  iodine,  or  by  agitating  iodide  of  ethylene  with  the  aftme  sohition  ccj  « 

iodine;  the  former  proc<»«9i8  to  bf  preferred.      The  reddish  oil  which  cu„ :  :;:8 

bottom  of  thu  liquid  i«  washed  with  dilute  potash  and  distilled. 

Cbloriodide  of  ethylene  is  a  colourlees  oil  haTing  &  rweet  taste  and  slightly  eoloble 
,  in  water.  Specific  gnnity  =  2'161  at  0"  C.  BoHb  at  145°— 147°  C  Beated  witlj 
'  ■leoholic  potAJih,  tt  decnntpoBes,  yieldinpr  iodide  of  potrtB>tium  and  a  gaa  which  boma 
with  a  pivpn  fl«in<?,  and  is  pn^Tinbly  chloride  of  rinyt  C'H'CL 

STBTX.EVS,  CTAWZ]»B  OF.  C'H'N'  -  C'H«.Cy».— ObUined  by  the  actioB 
of  cyanide  of  potjisslum  on  bromide  or  chloride  of  ethvlcne  (see  p.  212). 

BirKTx.i:vB,  AxnKOMxaa*  nzcBXiOKXDS,  and  ss^oszaa  o».   See 

ETHTLBhTB,  BnOMIDE,   ChXOBIDR.  and  ItmJDK  OF. 

BTKYZ.BVB,  ETH-rSiATEa  OS*,  (l^'arte,  Ann.  Ch.  Pharm.  ctuI  84.)-. 
The  monoetAtflttte  or  ethyZ-ffltfcol,  C*H'«0»  -  ^Sw-E  1^*  "  produced  by  th« 
action  of  iodide  of  ethyl  on  ethylenate  of  Hodlum: 

(CHTfot    +    cm'i  N.I    +    (<^H'^lo» 

{Na.H)i"      +     CHI  Nil     +     e^H».Hi"- 

It  is  an  ethereal  liquid,  boiling  somewhere  about  180°  C,  but  it  has  not  been  obtainea 
quite  free  from  the  following  oompoond. 

DieiA^iate  of  Ethylene,  or  Ditthtfl^glyeol    C«fi'*0»  -  [^^^Oo*.— The 

preceding  compound  treated  with   potnssium  yields  the  componnd  i^„g  i-fO';  aod 
this,  when  treated  with  iodide  of  ethyl,  yields  diethylate  of  ethylene: 


l>m^'£[0'    +    C'H'I    =    KI 


(CH«)'- 


It  ia  a  colonrless,  very  mobile  liquid,  haring  a  fragrant  efhereal  odour.  Spedfle 
grarity  «.  0-7993  at  fJ*"  C.  Boils  at  l%^-&°  under  a  pressure  of  768'8  mm.  Vapour* 
density,  obs.  =  4'0!>6  ;  cale.  =  4'0S9.  It  i«  isomeric  with  acetal,  but  is  difltiaguiKbed 
therefrom  by  its  higher  boiliug-point,  aeefcal  boiling  at  104°  C. 

BTBTSJIirB,  BYBBATBS  or.~BTSTX.BirZC  AX.COBO&8.  These 
bodies,  which  miiy  be  regardt-d  as  compounds  of  oxide  of  ethylene  and  water,  are  re- 
presented by  the  general  fonnola : 


(CH'0)«.H»0 


-  t'^l?-[o-. 


The  Brat  term  of  the  series  (n  =  1 )  was  discovered  by  Wurtz  in  1856  ;  the  rttt,  op  to 
«  —  6,  were  obtained  by  Wurfz  and  by  Loaremjo  in  1859  and  1860. 

KoaoAthjrlenle    A|o<iliol»    OItooL         011*0*  -  ^*^?  j  O*  -  C«H«O.H«0. 

(Wnrtz.  Oimpt.  wnd.  xliii.  109;  Ann.  Ch.  Pharm.  e.  110;  further,  and  in  detail, 
Ann.  Ch.  Phys.  [3]  It.  400  ;  Ana.  Ch.  Pharm.  Suppl.  L  85.)— The  term  glyo(^,  formed 
from  theflrat  Billable  offflt/cerin  and  the  last  otaieohol,  denotes  that  the  compound,  u 
a  diatomic  alcohol,  is  intermediate  between  alcohol  and  glycerin,  which  are  rrapectaTclj 
mono-  and  tri- atomic 

Prrparation. — This  compoond,  the  type  of  the  diatomic  aloohola,  is  obtained  by  dis* 
tilling  the  diacetjite  or  monoaeetate  of  ethylene  with  potash: 


(C^H')- 
(C»H*0)' 

ethjrt«ue. 

C*H»O.H 
li«iio«e«ul«  of 


0*  + 


0»  - 


(p  + 


Ht^ratr  of 

puUMiuin. 

ijo- 

H>dr«(e  of 

potutlum. 


0» 


(C^H7 

Hvdralc  of 
eiliylcae. 


2 


io] 


0»    + 


CH'O 
K 

Ac«>l<tte  nf 

pOUtStUBB. 


(c*H*r 

H' 

Hydmlp'  of 

vthjrlrne. 

1,  Diacetate  of  ethrlene  (616)  gnu.  is  mixed  in  a  flas^k  with  hydrate  of  potaJsii 
(4'72  gnu.),  preTioQwy  ignited  and  pulrerist'd.     A   bri.<»k  action  immediattly  laki 
place,  and  after  th.i  lapse  of  a  day,  a  mass  of  acetate  of  potassinm  is  fuuud  in  tile  flist| 
The  mixtarc  is  then  heated  to  180°C,  in  an  oil-bath,  and  after  a  snjall  distillatioa 
tube  has  been  adapted  to  the  flask,  the  heat  is  raised  to  between  250°  and  260^.    L 
colourless  liquid  then  passes  orer,  which  is  to  be  rectified,  and  the  portion  which  di^J 
dta  between  1900  and  200°  collected  apart.     (Wurt*.) 
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i.  Atkinf  on  (Fhil.  Mag.  [4]  zvi.  433)  pr^pttrw  ^ycol  bj  the  action  of  potuh  or 
iMUTtaoD  moHoacttate  ofrthi/lrnej  p.  668.  Aecordioff  to  Debus  (Ann.  Ch.  Poarm.  ex. 
816),  tb«  quantity  of  gljcol  thaa  obtained  ii  onlj  about  bolf  the  cnlcukted  quantity*, 
the  loM  appArently  arifling  front  the  formation  of  a  componnd  which  is  but  elowlr 
resolved  by  neat  into  glycol  and  acetate  of  potsMinm.  He  therefor©  recommend*  the 
following  procesa :  — 

3.  The  monoacetate  of  ethylene  mixed  with  an  equal  Tolome  of  water  ii  exposed  for 
twelTe  or  sixteen  hours  in  a  strong,  well-corked  flask,  to  the  temperature  of  boiling 
water,  whereby  it  is  for  the  most  pan  rettolved  into  acetic  acid  and  glycol.  On  distill- 
ing the  contents  of  the  flask,  water  and  acetic  add  pass  over  below  150*^0.;  glycol 
mixed  with  a  ooosiderable  qtmotity  of  the  on  decomposed  acetjite  between  150^  and 
190* ;  and  aboTO  190",  glycol  containing  a  comparatiTely  gmall  portion  (about  16  per 
cent)  of  the  acetate.  The  portiou  boiling  between  loU"  and  I&(J°  is  again  heated  with 
water  in  a  close  vessel;  the  portion  of  the  prodact  which  diatils  above  190*^  ia  mixed 
with  the  former  portion  boiling  at  that  temperatore ;  the  whole  i«  di«tilled  with  a 
quantity  of  aolid  potash,  just  aafficient  to  neutralise  the  acetic  acid ;  and  the  liquid 
which  passes  over  at  244'^  u  rectified.     Glycol  is  thus  obtained  boiling  at  106*. 

In  all  procesae*  for  obtaining  glycol  from  the  acetatej;  or  other  compounds  of 
ethylene,  excess  of  alkali  is  to  Ite  avoided,  a?  it  greatly  diminishes  the  quantity  of  the 
product ;  in  general,  also,  hydrate  of  barium  ia  preferable  to  potaak  llie  foUowins 
method  gives  good  results  when  rather  large  quantities  of  glycol  are  to  be  prepare^ 
Th«  mixture  of  mono*  and  diacetate  of  ethylene,  boiling  between  180^  and  190°, 
which  is  obtained  by  the  action  of  bminid«  of  ethylene  on  acetate  of  potassium 
(pp.  666,  567),  is  mixed  with  as  much  hydrate  <!)f  barium  as  wonid  be  sufficient  to 
decompose  it  were  it  all  pure  mono-acetate  of  ethylene,  and  the  mixture  is  heated  in 
•  water-bath  till  the  alkaline  reaetioii  diuppfttrs ;  a  fiirther  quantity  of  hydrate  of 
bariam  is  then  added  ia  small  portions  at  onoe,  the  mixture  being  heated  for  an  hour 
or  more  after  each  addition,  until  the  alkaline  reaction  becomes  permanent.  The 
greater  part  of  the  acetate  of  barium  thus  formed  CTystallisca  out  on  cooling;  the 
crystals  are  sepamted  and  washed  with  alcohol,  the  alcoholic  washings  being  add<Hl  to 
the  Uqoid  drained  ftom  the  crystals,  whereby  rooro  acetate  of  barium  is  precipitated  ; 
this  is  sepoTuted  by  filtration  ^  and  the  filtrate  then  yields  pure  glycol  by  fractional 
distillation. 

4.  Glycol  i«  also  produced,  together  with  dietbylenic  and  a  small  quantity  of  tri- 
ethylenic  alcohol,  by  the  direct  combination  of  water  with  oxide  of  ethylona.  When 
oxide  of  ethylene  is  heated  with  water  for  several  days  in  a  strong  sealed  flask,  a 
sweetish  liquid  i«  obtained,  from  which  glycol  may  be  separated  by  fractional  distilla- 
tion.    (WurtB,  Ann.  Ch.  Phann.  ciiii.  253.) 

Pntpertit*. — Glycol  is  ft  colourle.<fl,  iuodopous,  somewhat  viscid  liquid,  of  specific 
gravity  1-125,  Iwiliag  at  i97"0°C.  It  mixes  with  water  and  with  alcohol,  bnt  is  only 
•lighdr  soluble  in  eth(T.  It  dissolves  hydrate  of  potaaaiura,  chloride  of  calcium, 
chloride  of  sodinm,  chloride  of  zinc,  trichloride  of  antimony,  and  mercuric  chloride  ; 
carbonate  of  potassium  in  small  qu&ntity,  the  sulphate  scarcely  at  alL 

Laomtmontuma.—X.  Glycol  is  cosily  oridahU.  When  it  is  dropt  on  platinum-bfncJt, 
the  mettil  hecomes  incandescent,  and  carbonic  anhydride  is  given  off.  If  the  action  be 
moderated  by  diluting  the  plycol  with  water,  and  the  oxygen  of  the  hip  with  uarbonle 
anhydride,  glycolic  acid.  Clf'O*,  ia  produced  by  the  oii'dation. — 2.  Dilute  nttrie  acid 
at  mean  temperature*  converts  glycol  into  gljcoHc  acid,  at  higher  temperHtures  into 
oxalic  acid  (Wurta).  When  glycol,  diluted  with  four  times  its  volume  of  water,  is 
placed  in  a  tall  vessel,  strong  nitnc  acid  poured  in  through  a  long  tube-fhnnel,  so  as  to 
form  a  layer  at  the  bottom,  and  the  whole  heated  to  about  30°  C,  glycolic  add,  gly- 
oxylic  acid,  C^*0',  and  perhaps  ahjo  glyoial,  C*H*0',  are  formed  {I>ebn^  Ann. 
Ch,  Pharm.  ex.  316).— 3-  Glycol  heated  to  '250<^  C.  with  hydrate  of  potauiitm^  ia  ooo- 
Terted  into  oxalic  acid,  with  evolution  of  hydrogen : 

C*H*0«    +    2KH0    -    CTK^O*    +    H». 

4.  Glyeol  heated  with  ehioride  of  sine  is  dehydrated,  and  yields  aldehyde.  C"H*0 
(isomeric  with  oxide  of  ethylene),  and  acraJdehyde,  C*H*0*.  a  polymeric  modification 
of  aldahyde,  boiling  itt  llO'^C.  (Wurte,  Bauer,  E*p.  Cbim.  pure,  1860,  p.  244.)— 
6.  Oiycof  heated  with  oxifgrn-acid*  yields  ethylenio  ethers  containing  1  or  2  at.  of 
the  acid  radicle,  according  to  tlie  proportions  xiaed  (Louren^o,  BnU.  Soc.  Chim,  Nor. 
1849;  Ann.  Ch.  Pharm.  laiv,  122),  e.g.: 


C"ll'    > 
Ac«ttc  triJ.       M»mo«c«l*te 


+    WO, 
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6.  Heated  with  kjfdrocUorio  aeid,  it  yieldi  hydro^ehlorids  of  etIigdflM  (jgjeoBe 
ohlorhydrm).    (Wurtx.) 

C-ljo.     .    HCl    -    <f*|a    .     H^. 

Similar  reactions  with  hydrobromio  and  hydriodie  adda  (Warts).'?.  FemUtcMenit 
ojfhovpharua  acta  violently  on  glycol,  forming  dieUoride  of  ethylene  (Wnrts) : 

^*[0«     +     2P(31»    -     C<fe*Cl»      +    2PCP0     +     2HCL 

8.  Glycol  Is  likewise  s^ngl^  attacked  hy  the  eUoridn  of  aee^  butyryt,  and  other 
monatomic  acid  xadidea,  yielding  aoeto^ehloride  of  etl^loneb  &c.  (Lourenfo^ 
p,  670);  thus: 

''^•JO.    .     0^.C1    -    ^lolgl     .     HK). 

The  same,  and  analoffous  componnds,  are  obtained  by  heating  glycol  with  a  fiitty  add 
and  hydrochloric  or  nydriodic  add:  e.  g. 

cg'io.    .    <^|o    .    Ha    .    ^H^j«    .    «I^. 

9.  Glycol  heated  with  iodide  of  ethyl  is  partially  decomposed,  yielding  monoethylate 
of  ethylene  (p.  676). 

Ethylenates  of  Sodium. — Sodium  acts  rapidly  on  glycol,  eliminating  hydrogen 
and  forming  monosodie  ethylenate  or  monosodio  K^J^^o^  v.  h[^'  ^^^^ 
crystalline  substance,  which,  when  treated  with  iodide  of  ethyl,  yidds  iodide  of 
sodium  and  monoethylate  of  etiiylene  (p.  674).  Heated  in  a  sealed  tube  with  brom- 
ethylene  (bromide  of  vinyl),  C^Br,  it  yidds  ethylene  gas  and  ^lyool.  together  with 
bromide  of  sodium  and  a  small  quantitqr  of  a  sodium-salt  which  is  soluble  in  alcohol, 
and  when  decomposed  by  sulphuric  acid,  yields  an  add  having  the  odour  of  aoetie 
add,  but  exerting  a  redudng  action  on  silver-salts.     (Wurts.) 

Monosodie  ethylenate  ftised  with  excess  of  sodium  is  dowly  converted  into  disodie 

ethylenate  or  disodie  glycol,  C»!fe*.Na'.0*.  This  compound  heated  with  dibromids 
of  euiylene  in  a  flask  connected  with  a  well  cooled  recdver,  yields  bromethylene^ 
together  with  glycol  and  bromide  of  sodium  (Wurts) : 

(?H*Na«0*  +  2C!«H*Br«  -  2C^»Br  +  C»H«0»  +   2NaBr. 

Polyethjflenic  Alcohols. 

These  compounds,  whose  compodtion  is  represented  by  the  ^neral  formula  gives 
on  p.  574,  when  n  =  2  or  upwi^ds,  are  produced  in  the  following  ways : 

1.  By  heating  oxide  of  ethylene  witn  water  in  sealed  tubM.  In  this  nuumer 
Wurtz  obtained  diethylenic  alcohol,  together  with  monethylenic  and  a  small  quantity 
of  triethylenic  alcohol. 

2.  By  heating  oxide  of  ethylene  withglyool  in  sealed  tubes :  this  reaction  yieldi 
diethylenic  and  triethylenic  alcohols.  (Wurtz.) 

3.  By  distilling  the  corresponding  polyethylenio  diacetates  (p.  568)  with  an  alkali^ 
the  general  equation  of  the  decomposition  being: 

By  this  process,  Wurtz  obtained  the  di-,  tri-,  and  tetr-ethylenic  alcohols. 

4.  By  heating  glycol  with  dibromide  of  ethylene  to  110'' — 120'*C.  in  sealed  tahtt. 
The  first  products  of  the  reaction  are  diethylenic  alcohol,  glycolic  bromhydrin  (by- 
droxybromide  of  ethylene),  and  water,  as  shown  by  the  equation : 

.[C|'j0.]     .     C^.B^    -    (^')>.     .    ,[C^^'|0]     ,     ^,, 

GIjrcoL  Dlbromtde  of  Diethylenic  Glycolic 

ethylene.  •Icohol.  bromhvdrhi. 

and  the  other  poljethylenic  alcohols  are  formed,  each  from  the  one  next  below  itia  ths 
■eries^  by  the  actios  of  the  glycolic  bromhydrin,  according  to  the  general  equation: 
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(n-l)H'O. 


The  hydrobromie  add  thuB  formed  then  *eta  on  the  excesi  of  glycol  pnaent,  rtpio- 
duciog  glyoolic  bromhTdiiii,  and  thus  the  action  is  cootinaed.  Bj  this  proems,  the  2-y 
3-,  4-,  6-,  and  6-ethjlemc  alcohols  hare  been  obtained,  and  separated  by  fractional 
distillation  ;  and  when  a  enfficipnt  excess  of  glyrol  is  present,  the  temperature  being 
BtiU  kept  between  11 0"^  and  120°  C,  still  higher  memberB  of  the  series  are  obtained, 
becoming  continually  more  viscid,  and  each  differing  from  the  preceding  in  boilings 
point  by  about  ifi*^  CL  If  the  tempenttore  of  the  mixture  is  allowed  to  rise 
■bore  130°,  the  liquid  tomB  brown  and  yields  the  hydrobromic  ethers  of  the  poly- 
ethylenie  alcohols  instead  of  the  alcohols  theroselres,  tJie  hydrobromic  acid  prodaced 
by  thp  rftHClion  then  acting,  not  only  on  the  glycol,  but  likewise  on  the  polyethylenio 
alcohols.  (Lonrea^o^  Compt.  rend  U.  3Cfi ;  Rip.  Chim.  pore,  ii.  467;  Amu.  Ch. 
Pharm.  ciTii.  269.) 

The  polyethylemic  alcohols  may  be  supposed  to  be  formed  by  the  union  of  two  or 
more  mohwules  of  glycol,  with  elimination  of  n  number  of  molccnli^s  of  water,  lees  by 
one  than  the  nninber  of  molecules  of  glycol  which  cater  into  the  combination  generally : 

]»letliylenlo  Alooliol.    C'H'*0*  -   ^^i^'|o*  -(C*H«0)'.H"-0.  (Lourenco,  J 

Bull.  Soc.  Chim.  1859,  p.  77.)— This  compound,  the  first  discoTcred  of  the  polyethy- 
lenic  alcohols,  contains  the  elementa  of  1  at.  oxide  of  ethylene  and  1  at,  glycol, 
(C»H*0  +  C^HH)*),  and  hence  was  originally  called  "  intermediate  glycol-ether."  It 
is  prepared  by  heating  3  at.  glycol  with  1  at,  dibromide  of  ethylene  (equal  weights  of 
tb«  two)  to  120°  C.  in  a  sealed  fiask  for  four  days.  Other  modes  of  formation  hav* 
already  been  mentioned. 

It  is  a  sweetish  eyrnpy  liquid,  boiling  at  about  245°C.,  soluble  in  water,  alcohol, 
and  ether.  Vapour- dansity.  ohsenred  =  3  78  at  311<'C. ;  calcolated  =  367 
(LourcQi^o).  It  is  easily  oxidised  by  contact  with  Dlatiaum-bhick,  or  by  trettfment 
with    nitric    acid;    the    latter    courerts    it    into    diglycolic  acid,    'C*n*0*     — 

H>         (0*,  an  acid  isomerio  with  malic  acid,  and  related  to  diethylcnio  alcohol, 

^^^7 1 0\  m  the  same  manner  as  glycolic  acid,  ^^"^  j  0'.  to  glycol,  *^g]  1 0*,  both 

these  acids  contauning  the  diatomic  radicle  glyeolyl,  CH'O,  derired  from  ethylene, 
CH*,  in  the  sane  manner  as  acetyl,  C*H»0,  from  ethyl,  C'H' ;  rix,  by  the  aabetitntion 
ofOforH*.    (Wurta). 

Trietbylenle  Aloobol.  C«H"0*  -  ^  ^^^*  [  0«  =  (C»H*0)lH»0.  —  This  com- 

pound  is  best  prepared  by  heating  oxide  of  ethylene  with  glycol  in  a  sealed  tube 
(2C*H*0  +  C*H*0»  =.  CH'*0*).  The  chief  product  of  this  reaction  itt,  howcrer, 
diethylenic  alcohol;  but  after  this  has  been  removed  by  fractional  diatillatioa,  the  re- 
sidue yields  ataboat2g0°  C,  a  very  thick  liqnid,  which  is  triethylenic alcohol  (Wurtz.) 
This  alcohol  is  likewise  easily  oxidised  by  platinitm>bkck  and  by  nitrie  acid,  the 

cm*    ] 

latter  coDverting  it  into  diglycoletbylenic  acid,  C*H'*0*  -  (C»H»0)»'o'. 
fW^urta.) 

TetnCbjlenle  AlcohoL    OH»0»  -     ^*^'^^t[o»     -    (C»H«0)«.H»0. -Boils 

voder  the  ordinary  preseare,  above  300°  C. ;  io  a  highly  rarefied  atmosphere  (under  a 
pressore  of  0026  mm.)  at  230*^  C.     (Lonrenf  o,) 

Ventetti7l«>ilo  Aleobol.  C"H«0*  =  ^^^Z\  0'  =  (C^*0)».H^.— Boils  at 
230**  under  a  pfe8j»ure  of  0-025  mm,     (Louren^o.) 

Hexetlijleixtc  AloohoL  C'^n-'*0'  -  ^^'^H'!^'  "  (C^'O/'IPO- —  Boils  at 
Z26^  onder  the  same  pressure.     (Lo  a r c  n 9 o.) 

aTBVX.2VS,  BTSROXTSROMXBB  OF.  C«H»BrO  -  jfC*H«}".HO.Br. 
Glt/'tihc  Broiithifdrin,  Gli/'^  hromfif^'lriqiu;  (Lou reuco,  BulL  Soc.  Chim.  de  Puris, 
L  77.) — Produoed,   togethor  with   diethylenic  ulcohol,  by  heatinf  8  at  monethylenic 
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■loobol  (glycolX  with  1  at.  bromide  of  ethylene  (equal  wwghto  of  the  two),  to  120"  G 
in  a  iealed  fiMk : 

8{C*H«.H^.0»)  +  CH'Br'  -  (C»'h*)».H«.0«  +  2(C"b*-H0.Br)  +  H«0. 
BTHTX.EVa,  HTl>KOXTCaX.OItX9B  0».  CEHJIO  =  (C?H')-HO.a 
G/vc'du'  Chlorhydrin,  Glycol  cUorhudriaue.  (Wurtu,  Ann.  Cb.  Pharm.  a.  12«,) 
—Obtained :  1.  By  saturating  glycol  with  hydrochloric  add  gsa,  heating  the  Uqaid  to 
100"  C,  repeatiikg  theae  operations  till  the  liquid,  on  being  remored  firotn  th*-  tuh^ 
no  longer  gives  off  ritmea  of  hydrochloric  acid,  and  rectifying  (W  artz). — 2.  By  heat- 
ing glycol  to  100'='  C.  with  disulphide  of  clJonDO  Lu  a  fliuik  provided  with  an  npn^ 
eondenaing  t^be : 

2(^g;jo«)  +  aa'S'  -  2^c?!k«j^j^)  +  2Hci  +  so«  +  s«. 

The  sulphide  of  chlorine  muat  be  added  at  once  in  slight  excess,  otherwise  as  ias»> 
lable  compound  (perhaps  a  sulphurons  ether)  is  produced  at  the  sumo  time.  The  heat- 
ing is  continned  as  long  aa  &dt  g^s  is  evolved ;  the  product  is  diseolved  in  ether: 
decanted  &om  the  snlphur  which  aepiiratea  ;  then  shaken  up  with  moist  carbonate  of 
potsjisium,  und  distiJIed  after  the  ether  has  been  evaporated  off  over  the  water-bath. 
The  product  amounta  to  nearly  the  theoretical  quantity,  (Carina,  Ann.  Ch. 
Pbnrm.  coxiv.  257.) 

Hydroxychloride  of  ethylene  is  a  coloorleas  neutral  liquid,  boiling  at  128*  C.,M>1ebk 
in  water,  burning  with  green  colour  in  the  flame  of  a  lamp  (Wurta).  Diluted  with 
half  its  volume  of  water,  and  treated  with  todium-amalffom,  it  ia  oonverted  into  oom- 
mon  alcohol,  C^H*0,  the  change  consisting  in  the  replacement  of  an  atom  of  ehlorins  by 
an  at^)m  of  hydrogen  (Louren^o,  Compt  rend.  lii.  104S).  Treated  with  an  aloabolie 
snlation  of  aulphydraU  of  potassium,  it  yields  oxysulphydrate  of  ethylene,  CH*JH"J90, 
(Car  in  8.) 

1JTKTX.ZBX,    HYSKOXTXOSZSB    OF.       CH»IO  -  ((7»H*)-.HO.L       Gfy' 

coiic  lodhffdnn.  Glycol  iodhydriqiie.  (Maxwell  Simpson.  Proe.  Roy.  Sot  x.  1191.) 
— Hydriodic  acid  w  rapidly  alworbed  by  glycol,  great  heat  beine  evolved,  and  the 
liquid  becoming  black  and  thick  from  separation  of  iodine ;  and  on  removiw  the 
ioaioa  by  dilate  potash,  a  mass  of  white  erystals  ia  obtained,  oooaistinfr  of  ickuM  of 
ethylene : 

C*H*.H'.0«  +    2HI   «  CTE«I»  +    2H»0. 

Sut  if  the  temperature  be  prevented  from  rising  by  surrounding  the  veaael  with  eoli 
%ater  duriag  the  passage  of  the  gas,  a  liquid  piquet  is  obtained,  which,  after  being 
treated  with  metallic  silver  to  remove  free  iooine,  exhibits  approximately  the  ooap»> 
sitioQ  of  glycolic  iodhydrin,  viz.  ll-l  per  cent,  carbon  and  3*6  hydrogen,  the  formula 
C*H»10  requiring  US  C.  and  3-0  H. 

It  is  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  has  no  taat«  at  first, 
but  almost  bums  the  tonc;ne  after  a  time.  It  is  decomposed  by  heat,  yielding  iodide 
of  ethylene,  and  probably  glycol : 

2(CH«XH0)  =  C»H«.P  +   C»H*.HO.HO. 

It  acta  with  great  energy  on  silver^salta.    Potash  decomposes  it^  yielding  iedide  d 

potjusinm  and  oxide  of  ethylene. 

BTBTIBSTB,  ZODZBB  OF.  CTH^P.— Discovered  in  1821  by  Faraday  (Aod. 
Phil,  xviii.  118);  fuimired  also  by  Regnault  (Ann.  Ch,  Phya.  li.  367),  D  Areet 
(I'lnBtitut.  1835,  No.  105),  and  K  Kopp  (J.  Pharm.  [S]  vi-  110).  It  is  prodnced: 
1.  By  the  direct  combination  of  iodine  and  ethylene  in  sanshine  (Paraday),  or 
under  the  influence  of  »  heat  of  50°— fiO*>  C.  (Regnaolt).— 2.  When  vapour  of  iodide 
of  ethyl  is  passed  through  a  red-hot  porcelain  tube  (E.  Kopp): 

2C^*I  =  C*H*P  +   CH'  +   H». 

8.  By  the  action  of  hydriodic  acid  on  glycol  when  the  h'quid  is  not  kept  eool  (8  i  mpsoaV 
It  is  easily  prepared  on  the  small  scale  by  passing  ethylene  gas  over  gently  oeated 
iofline,  part  of  the  product  then  subliming  in  colourlasa  needles.  To  obtain  laigs 
Quantities,  the  iodine  is  heatmi  in  a  long-necked  flask,  and  a  stream  of  ethylene  gu 
directed  on  to  its  surfdce.  The  heat  is  raised  veir  gradually,  and  aa  aoon  as  the 
mass  has  become  liquid,  the  gas  is  passed  into  it  By  this  means  a  brown  b'qoid  ii 
at  length  obtained,  which  erystallises  on  cooling:  It  is  purified  from  excess  of  iodine 
by  washing  with  dilute  potash,  and  finally  reerystalUsed  from  alcohol  (BegnanlL) 
Iodide  of  ethylene  ctTStaUises  in  colourless  needles  or  prisms,  melts  at  75°  C,  and 
su1>limes  easily,  but  with  partial  decomposition :  it  is  only  in  an  atmosphere  of  hy> 
drogeo  or  ethylene  gas  that  ii  can  be  sublimei'  in  perfectly  coloforieet  enyatda.    It  is 
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insolnble  in  wat^,  but  diasolVM  e&fiily  in  rther  and  in  boiling  a/cohd,  from  which  it 
cryiiulIiMt  for  th#  most  ptirt  on  cooling;. 

Iodide  of  ethylene  is  easily  rfsolred  into  ethylene  and  iodine,  thiB  deMmpomtion 
taking  place  slowly,  even  at  ordinarf  t«mp«ratnr«i,  especially  under  the  inilaentfe  of 
light  At  86°  C.  it  takeji  place  rapicUj,  citber  in  the  «ir  or  in  yacuo.  It  burns  when 
heJd  in  the  flame  of  a  epirit-Iamp,  giving  off  viiponrs  of  iodine  and  hyilriodic  acid, 
Cbloriae  cr  bromine  oonrertK  the  compoond  into  chloride  or  bromide  of  ethylene,  the 
iodine  being  partly  set  free,  partly  uniting  with  the  chlorine  or  the  bromine.  Aqneons 
potaah  AdM  but  slowly  upon  it,  even  at  the  boUing  beat;  but  when  boiled  wiUi  alco- 
boh'c  potash,  it  is  completely  de-coraposed,  partly  into  ethylene  and  iodine,  partly  intc 
hydriodic  acid  and  iodfthjleue,  C'lPI. 

a7HTX.S]rz,    ZOSAnBS.      C'IPL     lodetht/lenf.  Iodide  of  Fi'iiy/.— Prepared 

by  distilling  iodide  of  ethylene  with  m  strong  alcobolio  solation  of  potash,  the  receiver 
being  kept  at  a  low  temperatore.  Do  ad^ng  water  to  the  distillate,  iodethylene  sepa- 
ratM  aa  a  oolouiiess  liquid,  having  an  alliaceoux  odour.  It  is  insoinble  in  water,  but 
Tety  aolnble  in  alcohol  and  ether.  Nitric  acid  decomposes  it,  separating  iodine  and 
red  Taponrs.    (Regnault.  loc.  ciL — E.  Kopp,  Compt.  rend,  xviii.  871.) 

afTHTXAXll,  XOAOca^Oxma  or.  C^*Cir.— Obtained  hy  acitating  an 
•queoos  soltition  of  chloride  of  iodine  containing  a  trace  of  frw  iodine  with  iodide  of 
ethylene,  tilt  the  latter  ia  converted  into  a  black  oUy  liquid,  washing  this  H(|aid  with 
dilute  pot^h,  and  distilling  : 

CH*I'  +   CU  «  C»H«C1I   +  P. 

It  is  a  colourless  liquid  having  a  sweet  taste,  ulightly  soluble  in  water,  boiling  at  about 
147^  C.  (Maxwell  Simpson,  Proc  Boy.  Soc.  xi.  390;  R^p.  Chim.  pure,  1862, 
p.  350. — See  Addenda,  p.  969.) 

BTBTiawZ,  OXroa  OF.  CH<0.  Ethylenie  ether,  Glwolie  ether,  (Wurtx 
(1869],  Compt  rend,  xlviii.  101 ;  Ann.  Ch.  Pharm.  ex.  126 ;  R^p.  Chim.  pure,  i.  222 ; 
in  detaU  ;  Ann.  Ch.  PhyB.  {3]  Iv.  418.  427 ;  C^jmpt,  rend.  xlix.  398 ;  Ann.  Ch.  Pharro. 
ciiv.  61 ;  Compt.  rend.  L  1195;  Aiin.  Ch.  Pharm,  cxvi.  249  ;  R^p.  Chim.  pure,  ii.  340; 
Compt  rend.  liii.  378;  liv.  277;  R<ip.  Chim.  pure,  1862,  p.  16,  176;  Chem,  Soc.  J, 
XV.  387.) 

This  compound  ia  produced  by  the  action  of  potash  on  glycolic  ehlorhydrin.  Chlo- 
ride of  potassium  then  separates,  and  oxide  of  ethylene  ia  given  off  in  vapour,  which 
may  be  condensed  in  a  receiver  surrounded  with  a  frigorific  mixtxuH*  and  containing 
a  few  lumps  of  chloride  of  calcium,  OT«r  which  the  product  may  be  afterwards  rec- 
tified. 

Oxide  of  ethylene  is  a  transparent  colourless  liquid,  boiling  at  13*5°  C,  under  a  pres^ 

•nre  of  746-6  mm.     Vapour- density,  obs.  =  1-422  ;  calc. -  1-626  ( =  ^•^'^'^^■^+.}^  ^ 

2 
0-0693).     It  is  isomeric  with  aldehyde,  but  is  distinguished  from  that  compound  by  ita 
boiling-point  (aldehyde  boiling  at  21"^  C),  and  bv  its  strong  basic  properties.     It  does 
Dot  unite  with  the  acid  inlplutes  of  alkali-metala,  and  docs  not  form  with  ammonia 
a  compound  analogous  to  aldehyde-ammonia  (1,  107). 

Oxide  of  ethylene  mixes  in  sll  proportions  with  water  and  with  alcohol.  The 
aqneous  solution  treated  with  sodium-amalgam  in  a  veogel  cooled  by  a  freeoing  mixture 
yields  ethylic  alcohol : 

C»H«0     +     H«     -     C*H*0. 

TTie  Uquid  remaining  after  the  alcohol  h»s  been  distilled  off  contains  glycol  and  th» 
polyethylenic  alcohols.     (Wurtz,  R^p.  Chim.  pure.  1862,  p.  177.) 

Oxide  of  ethylene  is  a  strong  base,  uniting  directly  with  acids,  t.  g.  with  hi/droehlorie 
acid  to  form  hydroiychJoride  of  ethylene  or  glycolic  ehlorhydrin  (p.  ■')77).  C'H'O.HCl; 
with  acfiic  add  to  form  monoacetateof  ethylene,  CH'O.C^H'O' ;  with  acetic  dniffdrids 
in  v^irious  proportions,  forming  diacetate  of  ethylene,  C*H*O.C*H*^J,  and  the  sareral 
polyethylenic    diacetatee    bdnded    in    the    g^eial    formula,   (C*H*0)*.C*H*0*  — 

.^^^Qvi[0»*'   (p.  568).     In  like  manner  it  unites  with  tcattr,   forming  glycol, 

C»H*O.H'0.  and  the  polyethylenic  alcohols,  (CH*0)«.H'0  -  ^  g'/jo-**  (p.  674). 
which   may    also  be  regarded  as  compounds  of  oxide  of   ethylene    with    glycol, 

-  ^hIJo'.(ch^o)— '• 

Oxide  of  ethylene  proripitates  mngfi/tna.  nlumina,  fftrie  oxide,  and  cuprie  axid^^  ai 
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hyaratpft,  from  the  unltitioiw  of  their  9alt^  and  in  it»elf  predpitated  by  potash  tst 
from  itis  rombinfltioti  with  hydrochloric  acid.    When  it  la  sealed  up  in  a  fljisk  with 
strong  solution  of  cfUoridt  of  magnemum  for  seveml  hoata,  hydrate  of  maguwdam  is 
deposited,  and  glycolic  chiorhjdrin  remains  in  solution  : 

2(C'H*.0)  +  MgCl*  +  2H«0  =-  2{C«H<0.HC1)  +  M|rH'0». 
Oxide  of  ftthylpne  uuit<>s  diit-otly  with  ^tmtrr,  forming  glycol  and  the  polyethj 
alcohols  (Wurtit)  ;  with  ruJpht/drtc  acid,  forming  (probubly)  sulpbydric  glycol  and 
polvethylenic  oiysulphydrate*  (Foster,  p.  o82);  with  bromttu:,  forming  the  oompoi    _ 
(C*k'0)*.Br*;  with  awiMumw^toformthecthylcoe-hydoramines,  (C*H«0)vNH»(p.  6fl3); 
with  eddthyd*,  forming  the  polymeric  compound,  OH*0*. — Oxide  of  ethyleoe  n^v 
is  absorbed  by  ehlcridt  of  calcium  at  common  temperatures.    (Foster.) 

Compounds  polymeric  witk  Oxide  of  Ethylme. 
Dioxethylene.      C'H"0«  —    ^Jjo*,— Bromide  of  etbylenie  oxide  aohjected  to 


jid^H 

ipoo^^ 


the  action  of  reducing  agents,  snch  as  sulphydric  acid  or  metab,  gives  np  its  1 
and  is  converted  into  this  compoand.  The  rpduction  is  be»t  diecfwi  with  mracioj. 
On  leaving  this  metal  in  contact  with  the  bromine-compound  in  a  tube  for  twenty-fow 
hours,  a  colourless  mas^  is  obtained,  consisting  of  bromide  of  mercnry  impregnated 
with  a  Tolatile  liquid,  which  may  be  distilled  off. 

TJiis  liquid  haji  a  fnint  hut  pleaHant  odour,  crystalHsM  ■t90*'C.,  boils  at  102®. 
Specific  gravity   1*0482.      Vapoar-density,    ob«.   «   S'lO;    calc   (2  toL)   =    8«t7 

{  =  — '    - — '——  K  00693).    It  is  soluble  in  alcohol  and  ether;  is  not  attaclAl 

by  ammonia  ;  unites  slowly  with  acetic  anhydride  at  120°  C,    

Dioxyethjlene  is  probably  the  ether  of  diethylenic  alcohol,  (C*H*0)',H*0  -  H-0  = 
C*HK>' ;  it  ia  perhaps  also  a  homologne  of  Buttlerow*s  dioxymethylene,  prodoced  by 
the  action  of  oxide  of  lead  or  oxide  of  silver  on  iodide  of  metbyloae. 

Compound  of  Ethylenio  Oxide  with  Aldehyde.  C*H*0»  «  CPH'O.CH'C. 
(Wurtz.  R^p.  Chim.  pure,  1862,  p.  16.) — Obtained  by  heating  aldehyde  to  100«>C-  frf 
a  week  with  eireea  of  glycol,  and  submitting  the  liquid  product  to  nnctioaal  distillii- 
tif>n.  The  compound  C'H'O'  then  passes  over  below  100",  afterwards  water  and 
glycol. 

The  compound  of  etbylenic  oxide  and  aldehyde  is  a  coloorless  liqnid,  baviog  aa 
agreeable,  but  rather  pungent  odour,  .wroewhat  like  that  of  aldehyde.  Spedflc  gra^'ty 
=-  1-0002  at  0°C.  Boils  at  82-6.  Vapour-density,  obs.  =  8'192;  caLs.  (2  vol)  - 
3'047.  If  aldehyde  ia  the  oxide  of  ethyUdeQe,  this  body  may  be  regpuded  as  an  oxide 
of  ethylene  and  ethyUdene. 

It  is  soluble  in  If  volumes  of  water,  but  is  sepsrated  from  the  solntion  t>y  potash 
and  by  chloride  of  calcium.  JVjYrrc  an'rf  attacks  it  strongly,  forming  glycoUic  andoxaUe 
acids,  togf^ther  with  other  products.  It  ia  not  altered  by  caiutir  potash.  It  redocoi 
an  ammoniacal  solution  of  nitrate  of  silvtr  at  100°  C,  but  not  completely.  Heated  to 
140**  with  aettic  acid,  it  yields  diacetate  of  ethylene,  together  with  a  much  more  volt 
tile  product,  having  an  odonr  like  that  of  Baaer's  acmldehyde. 

Oxide  of  ethylene  and  aldehyde  do  not  unito  directly  when  heated  together  to 
100°  C. ;  but  the  aldehyde  is  rffliniflpd  as  when  heated  with  potaeh. 

BTHXIpESTE,  OXTSKOMISS  or.   or   Bromide  of  Ethylenic    Oriif. 
C-'II'Of 
CH*0  [  ^^^' — ^^^^  equivelcnt  quantities  of  cooled  bromine  and  oxide  of  ethylene 

are  mixed  and  enclosed  in  a  sealed  tube  immersed  in  a  fireczing  mixture,  the 
bodies  imite  into  a  red  crystalline  compound,  which  melts  at  66'  C.  to  a  dark 
liquid,  boiling  at  9fi°  and  emitting  an  orange-coloured  vapour,  which  condenses 
cooling  to  the  red  liquid  and  crystals.     The  compound  has  a  pongent  odour,  and  gi 
off  m  perceptible  vapour  at  ordinary  temperatnrea.     It  ia  insoluble  in  vatcr,  but  soTulJe 
in  alcohol  and  ether.    Reducing  agents,  such  as  metals  and  sidphydrie  acid,  remove  the 
bromine  nnd  convert  the  compound  into  dioxethylene. 

STmXBirs,  OZTETirXPBXBll  or,  CH*SO  (Crafts,  Ann  CHi.  Pbarm. 
cxxiv.  113;  cxxv.  123),— Produced:  I.  By  the  action  of  water  on  sulphobromide  of 
ethylene. — 2.  By  the  action  of  nitric  acid  oa  protosnlphide  of  ethylene  (p.  688).  T» 
obtaiE  it  pure,  the  sulphide  of  ethylene  ia  added  by  small  portions  to  fuming  nitrie 
acid;  the  excess  of  acid  ia  then  evaporated,  and  the  crystalline  residue  is  washed,  first 
with  water,  then  with  alcohol,  till  it  no  longer  exhibits  any  acid  reaction.  It  is  sdabl* 
in  water,  and  cryBtalHses  from  the  solution  in  acute  rhombohedroos  of  73°.  It  does  D*vt 
nnife  with  acids,  is  not  attiicked  by  ammonia,  but  potash  decomposes  it,  separating 
sulphide  of  ethylene  and  a  brow  resinous  body. 
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Thii  body  might  b«  reprMeotod  by  the  fonntik  *^'^f  0,  or  ^^"^  [s ;  but  it»  »- 

ttctioni  ar»  not  tneh  u  to  lead  to  the  nppo«ition  that  it  is  thus  ootutitnted. 

Diosysulpkidf  0/  Ethylene.  Cf*H*SO*  (Cmfta. /«•.«<.) — This oompomid,  which 
hu  the  composition  of  hydrate  of  aulphethylene,     Trt  [  0*,  or  glycol  io  which  2  at  H 

•re  repliiced  by  1  at.  S,  or  of  glycolic  acid  in  which  0  is  replaced  by  S,  ia  obtmined 
by  heatiag  protoaulphide  of  ethylene  witii  fdming  Dttric  acid  in  aealed  tuhea  to  160^ 
C,  care  bmng  taken  not  to  exceed  this  tempenture,  and  to  stop  the  operatioQ  before 
the  ozidatioD  ia  quite  complete.  Ae  eoon  aa  the  liquid  in  the  tubes  beoomes  well 
■aturated  with  ptrraitric  oxide,  the  dioxysulphide  sepamtes  in  small  crystala.  The 
tabes  are  then  to  be  opened,  uid  the  liquid  poured  into  water,  which  Bcpamles  a  amali 
quantity  of  the  diosyiiilphide ;  and  this,  together  with  the  crystals,  is  washed  with 
boiling  water,  which  removes  the  oxyaulphide,  CH^SO,  that  may  adliere  to  them. 
Farther  porificatioQ  may  be  effected  by  diaaolriiig  the  crystals  in  strong  nitric  acid, 
uad  again  separatiiig  with  water. 

Diozysulphide  of  ethylene  Beparates  from  its  solution  in  strong  nitric  acid  in  small 
crystals,  which  tinder  the  micmecope  exhibit  the  form  of  prisms  wiLh  obtuse  rummita. 
It  is  reqr  ■lightly  soluble  in  ordinuy  nitric  acid,  quite  insoluble  in  water.  Caustic 
potash  diasolTes  it  without  blackf^ning,  but  conTerts  it  into  a  body  which  appeara  to 
poaseas  alight  acid  properties  and  is  not  procipit&ted  firom  its  solution  by  acids. 

Onthrie  (Chem.  Soc.  Qu.  J.  xir.  1321  obtained  a  hydrate  of  oxydigiUphide  of  tih\f' 
tent,  C*H"S'O.H'0,  h^  treating  solphoehloride  of  ethylene  (p.  584)"witb  caustic  potash. 
It  is  a  yellowish  liqmd,  insolable  in  water,  soluble  in  alcohol  and  ether. 


I 


XTTHTXiiara,  oxtsuxvbtoratb  or. 


C»H-SO  -  ^^.'^"jg.       ytono^ 


»*t}j>hydratr  of  Ethylene.  Sulphydric  Glycol.  (Carias,Ann.Ch.  Phann.  cxxir.  M7.) 
— This  body,  intermediate  in  composidon  between  glycol  and  salpbydrste  of  ethylene 
(p.  6S5X  is  obtained  as  a  pottkssium-salt  by  treating  glycolic  chlorhydrin  with  excess 
of  anlpbydrate  of  potassium  in  alcoholic  solution : 

(CUTIS'       .     2KH8    .      'gHTjS     .     H^    .     KCl 

Tie  alcoholic  liquid  is  boiled  for  a  quarter  of  an  hour  in  a  Tessel  proTided  with  an 
1^}right  condentting  tube;  the  liquid  filtered  from  the  chloride  of  potassium  ia  super- 
■atonted  with  dilute  hydrochloric  acid  and  eraporated  in  a  shallow  dish  at  30^ — iw^  C. 
ttU  BO  ofly  liquid  begins  to  separate ;  and  the  residue  is  treated  with  cold  water,  which 
dissolres  chloride  of  potassium,  and  separates  oxysulphydrate  of  ethylene,  as  an  oily 
liquid,  which  is  to  be  woebed  witb  a  little  cold  water,  dissolred  in  a  «mall  quantity  of 
dilate  alcohol ;  and  the  tiolution  filtered,  if  necessary,  and  evaporated  in  a  rarefied  at- 
mosphere, taking  care  to  avoid  orer- heating. 

Oxysulphydrate  of  ethylene  is  a  <Y»lourl«)«  Uquid  of  the  consistence  of  glycol,  heavier 
than  water,  and  baring  a  faint  odour  like  that  of  merraptan.  It  diasolTed  sparingly 
la  pan  water,  easily  in  water  cvatiiiniiig  a  small  quantity  of  aloobol,  very  slightly  in 
pore  tther. 

Nitric  acid  conTerts  it  almost  wholly  into  isethionio  acid,  C*H*SO*,  with  only 
traees  of  sulphuric  and  oxalic  acidn. 

With  the  salts  of  the  heavy  metals,  oxysulphydrate  of  ethylene  yields  precipitatea 

whose  composition  is  expressed  by  the  general  formula  ^   mV  \  q.       These   precipi* 

tatea  are  fioccolent,  but  quickly  become  granular,  especially  the  lead-,  mercury-,  and 
■ilTcr-compounds.  At  100°  C.  they  sofleo  to  glutinous  masses;  the  mercurv'salt,  how- 
ercr,  melts  to  a  viscid  liquid.  The  mercury-salt  is  white,  modarately  soluble  in  strong 
alcohol,  whence  it  separatee  by  slow  evaporation  in  long  thread-like  curved  nredlea. 
The  *ino«alt  is  white  \  the  «>pptT-salt  dirty  blue-green ;  the  lead-salt  light  yellow ; 
the  si/oer-salt  yellowish.  They  are  aU  insoluble  in  water  and  in  acids,  moderately 
•ohible  in  strong  alcohol,  and  are  decomposed  by  aulphydrate  of  potaawmn. 

I>itthylcnic  Ojcygulykydraie.     C^H"30»  =  ^    fl,*^'!^     (Oaritts,  loe.  cit.) 

^This  compound,  anaJo^us  to  diethylenic  alcohol,  ia  produced,  with  evolationof  sul- 
phydrie  acid,  by  boiling  the  alcoholic  solution  of  the  preceding  compound : 


H«       0« 


H«a 


To  prepare  it^  the  alcoholic  polulion  obtained  in  the  preparation  of  the  monoethjlenie 
eompound,  after  filtratiun  from  chloride  of  potassium  and  neutrali&itioo  with  hydro 
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chloric  acid,  u  Mmporated,  with  gentle  ebullition,  till  the  ezeeaa  of  the  latte*-  is  «x- 
riellfd  ;  the  oily  liquid  which  th«n  sepurates  solidifies  on  cooling  to  a  white  crjRtelline 
mass,  generally  enclosing  a  certain  quantity  of  the  nnonoetbylenic  oxysulpbydrat* ;  it 
may  be  purified  by  waalung  with  cold,  very  dilate  alcohol,  and  recryataluaation  from 
alrohoL 

Diethylenic  oiysulphydrate  crystalline  from  alcohol  ia  group*  of  very  aleoder 
micioBcopic  needles;  melts  at  60<^  C. ;  is  iDSoluble  in  watrr,  but  easily  soluble  in 
alcohol.  The  solution  is  precipitated  by  Trutallic  talU,  the  precipitates  reaembling 
thosf?  formed  by  the  mouoethylenic  compound  in  colour  and  other  properties. 

Piethylenic  oxysidphydrute  is  easily  oxidised  by  dilate  nitric  add,  taking  up  3  tt> 

oxygen,  and  forming  an  acid,  (SO)     lO',  which  is  dibasic,  and  easilj  fbrms  salta  in 

H«     ) 
whioh  both  atoms  ot  typie  hydrogen  are  replaced  b^  metals.      The  barium'  and  Uai' 
•alts  are  easily  soluble,  and  orystaUise  indistinctly  in  microscopic  laminte. 

When  oxide  of  ethylene  is  heated  to  100"=  C.  m  a  close  vessel  filled  with  suJphydrie 
acid  gaa.  the  gas  is  rapidly  absorbed,  and  a  somewhat  oily  liquid  is  formeo,  Mrhich 
eannot  be  distified  under  the  ordinary  atmospheric  pressure:  it  boils  ■without  distilling 
to  any  perceptible  extent,  the  thermometer  gmdually  rising  to  SOO*^  and  the  liqtid 
turning  brown.  The  firat  product  of  this  reaction  is  in  all  probability  oxy  snip  hy- 
drate of  ethylene,  and  the  gradual  rise  of  the  boiling  point  seems  to  show  that  a 
number  of  polyethylenic  sulphydrabes  of  continually  increasing  complexity  ate  sobae- 
quently formed.     (Q.  C.  Foster,  Epiaioiary  communication.) 

mrmnjarB,  stba&atb  of.   C"H'«0«  »  .j^i2?))»(<^'-— 0*'t»i^«^  ^ 

decomposing  atearate  of  stlTer  with  bromide  of  ethylene  and  treating  the  product  with 
ether,  &c,  as  in  the  preparation  of  the  bensoate  (p.  668).  It  forms  small,  light, 
shining  scales^  resembling  stearin,  which  melt  at  76°  C.     (Wurtz.) 

KTSTIiSM^,  StreczSTATSS  OF.  (LoarenQO,  Rin.  Chim.  pure,  1860,  p. 
179;  Auu.  Ch.  Pharm.  cxv.  353,)— Two  of  these  ethers  have  been  obtained,  viz.^ 

(CH*)") 

1.  SueeinetkffUnie  acid.     C*H"0«  =  (C*H*0»)"JO«,— This  compound,   whiei 

may  be  regarded  as  derived  from  dietbylenic  alcohol  by  the  substitntion  of  1  at 
snefinyl  for  1  at.  ethylene,  is  produced  when  glycol  and  succinic  acid  in  eqalTaUnt 
[  pMportions  are  heated  together  in  a  sealed  tube  to  190° — 200°  C.  for  abont  ten  boui. 
An  oily  acid  liquid  is  then  obtained,  which  on  standing  solidifies  to  a  masa  of  small 
cnatalsof  euccinethylonic  acid.  This  coraponnd  melts  below  100''  C,  is  soluble  in 
water  and  alcohol,  sparingly  in  ether,  and  when  nentralifled  with  ammonia,  fbnu 
vifh  nitrate  of  silver  a  curdy  precipitate  insoluble  in  adds,  and  exhibiting  a  compo 
sition  intermediate  between  C*H*Ag*0*  and  C'H'AgO',  but  nearer  to  the  former. 

%  Neutral  Sueeinateof  Ethylene.  C«H«0«»  .^S^'qIJI  J  O-.— Obtained  by  best- 
ing sucdnethylenic  add  to  nearly  300°  C.  Water  is  then  given  ofl^  and  the  reeidoa 
Bolidifiea  on  cooling  to  a  crystalline  moss  of  the  neutral  succinate.  It  melts  below 
90^  0..  is  insoluble  in  water  and  in  ether,  but  moderately  soluble  in  boiling  alcohol, 
whence  it  separates  on  cooling  in  very  small  uyatals.    It  is  decomposed  by  distillatioo. 

STBTX.Birll,  SirZ.PHATE  (ACXB)  OF.     C'H*SO»  «»     (SO')''f  O*.      8uipk»- 

H*) 

gltfcolic  acid  (Simpson,  Proc,  Boy.  Soc  ix.  726). — Produced  by  heating  a  mixture  of 
glycol  and  monohyorated  sulphuric  acid  to  160°  C. 

C'H»0'  +  H'SO*  -   C*fl*SO*  +  H«0. 

It  is  not  known  in  the  free  state.  The  bariajQ-salt  is  obtained  by  dilutiog  th* 
above-mentioned  mixture  with  water,  saturating  with  carbonate  of  barium,  filterinft 
and  evaps rating  to  a  sjTup  over  the  water-bato,  whereupon  it  separates  as  a  white 
solid  mass,  which  m&y  be  purified  by  pressore  between  paper,  and  evaporation  in 
vacuo  over  oil  of  vitriol.  It  is  somewhat  deUqnesoent,  and  does  not  rosmly  ayttal- 
lise.  Decomposes  slightly  at  100°  0.  Easily  soluble,  in  water,  nearty  insolnble  in  $ih 
solute  alcohol  and  in  ether.  From  the  aqueous  solution  sulphuric  acid  throws  down 
sulphate  of  barium.  Baryta-water  occasions  no  precipitate  in  the  cold,  but  on 
heating  the  liquid  for  some  time,  it  becomes  turbid,  from  separation  of  the  samf 
■alt. 

STBTXiBirE*  W&FBXDX»8  OF.    These  compounds  are  obtained  by 
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cliloride  or  bronudF  of  ethyleae  Tith  aleobolie  nolotioiui  of  the  eoirespotMling  nUphidM 
of  potjwwinm. 

Protoiulpkide  of  Ethylene.  Cfl'.&  Lowig  and  Wei dmann  b  1840  (Pogg. 
Ann.  xUx.  123)  obtained  tluii oompoand  in  an  irapiire  »t&te  &a  an  amorphous  predpttate, 
deoompoeini;  wh«n  distiUed,  by  the  nction  of  ctilorido  of  ethyleiiH  on  protoi^ulphiie  of 
potoMiwm  ;  and  Crafts  (Ann.  Cb.  Phann.  cxut.  110)  has  recently  ol>Uin<^'a  it  pure 
■ad  in  vcll-dellDed  cry'sttdei,  by  the  action  of  protoaolphide  of  potaatrium  on  bromide  <J 
ttOtjUne,  which  ia  much  more  eaeily  nttafked  than  tli«  cUoride.  The  action  ia 
attended  with  considerable  rise  of  tcmppratore,  and  the  reaolting  anlphide  of  ethyleno 
diiitilled  off  at  200<*  C.  oondeoses  in  white  cryBtals,  which  mnat  b«  washed  with  ether 
to  fno  them  from  aa  oily  Bubstance. 

Protosulphidc  of  ethylene  is  somewhat  rolatile  at  common  temperatnr«j,  and  diatihi 
nndecompoeed  at  199°  or  200°  C,  solidifying  at  112^  in  the  crystulline  form.  It  dis- 
•oItw  in  alcohol,  in  eihor,  and  more  abundantly  in  salphide  of  carbon,  from  which  it 
•eparatca  in  well- developed  obliiiue  rhombic  prisms  of  6»®  44',  generally  most  developed 
in  the  direction  of  the  base. 

Chlorine  decomposiw  it,  witli  erolution  of  hydrochloric  acid.  With  bromitu  it  unite* 
directly,  forming  a  sulpho-bromide,  C*H*SBr*,  It  is  ozidixed  by  limiing  nitric  acid,  the 
product  consisting  of  CH*SO,  if  th<»  temperature  is  k*>pt  below  100"  C,  but  of  C*H*SO* 
(pp  580,  581),  «ttherpar«  or  miipd  with  the  preceding,  if  it  is  allowed  to  rise  to  160<» 
(Carius,  Ann.  Ch-  Fnarm.  cxxv.  123).     It  does  not  uniu*  with  amm^nin. 

Protosulphide  of  ethylene  is  isomeric  with  the  compound  obtained  by  pasaiuj^  sul- 
phydric  acid  into  aldehyde.  The  latter  compound  is  perhaps  sulphide  of  ethylidi'ne, 
and  is  distinguished  by  its  higher  boiling  point,  not  l>eginnjng  to  distil  below  206"  C, 
and  the  boUing  point  then  qnicldy  riaing  to  260^,  at  which  temperature  partial 
deoompoeitiou  takes  place.     (Carina.) 

Disutphide  of  Ethylene,  C*H'S',  ia  a  soft  yellowish  powder,  which  melts  below 
100°  C,  and  is  decomposed  by  distillation.  (Lowig  and  Weidmaun,  Pogg.  Ann. 
xIti.  84;  xlix.  128;  Gm.  viiL  366.) 

Ptntaiulpkidt  of  Ethylene.  C^*S»  ^?).— Produced  by  the  action  of  alcoholia 
tri-,  or  ponta-sulphide  of  potassium  on  chlorxd*  of  ethylene.  It  ia  a  yellowish  preci- 
pitate, melting  below  100°  C,  and  deeompoaing  at  a  somewhat  higher  temperature. 
(Lciwig  and  Weidmann.) 

BTHTXtXWS,  BxrXtPHZras  OP.  Isethionic  acid,  Cn*SOV  may  be  re- 
garded as  ahfflc7K-T/tono«u{phurou4  acid,  C*H*0*.SO',  that  ia^  glycol  with  1  at.  snl* 

(SO)^ 
phozous  anhydride,  or  (C*H*)"  /  0',  diethylenic  alcohol  in  which  1  at.  C^*  ia  replaced  bjr 

80;  and  disnlphetholic  acid,  CH^SK>*,  may  be  regarded  as  Hhyltiu-diMuipAttrous 

(S"0)«) 
acid,  (yH*O:2S0\  i.  e.  glycol  with   2  at  Bulphurous  anhydride,  or  as   (CTIM"    0*, 

i.  e.  triethylenic  alcohol  in  which  2  at.  C-'H'  are  r<'plared  by  2  at.  SO  (Carius.  Ann. 
Ch.  Phann-  ciiiv.  262).     See  I^Ermnyrr  Arm.  and  Siilphukous  Etxbbs. 
BTHTXAXTB,   sxJXPHOBSonnsB   OF.    CH'SBr*.     (Carina,    Ann.  Ch. 

Fharm.    cxxit.    113). — This    compound,    which   ma?  be   regarded  as   a   dibromide 

of  ethylenic  sulphide,  CH*S.Br',  or  as  a  sulphydrate  of  dibromethyl,  h[^'   " 

produced  by  the  direct  combinntion  of  bromine  with  protosulpbide  of  ethylene.  It  is 
a  yellow  solid  substance,  nearly  insoluble  in  rectified  ether  and  in  sulphide  of  carbon. 
When  exposed  to  moist  air,  or  treated  wilh  a  small  quantity  of  watier,  it  is  couTerted 
into  whit»  ciystals  oontaiaing  less  bromine  than  the  original  compound.  These 
crystab  dissolve  in  n  larger  quantity  of  ivater;  and  by  treating  the  solution  with  oxide 
of  silrer  to  remore  hydrobaomic  acid,  then  filtering  and  eraporating,  small  rhombic 
tables  are  obtained,  consi^ling  of  oxysutphide  of  ethylene.  CH*SO. 

BTHTX.SirB,  S1TUKOCBX.Oa^XBES  OF.  (Guthrie,  CheOL  Soc.  Qn.  J 
xii  109  ;  xiiL  3o  and  134;  xiv.  128.— Jahrfabor.  t.  Cliem.  1849,  p.  479;  I860,  p.433.)— 
The  following  oompooads  of  this  group  have  been  obtained  : 

DioUonMRtlphide  of  Ethylene  or  Snlphydrate  of  Dichlorethyl 

©isnlphochloride  of  Ethylene  or  Disulpfiide  of  Chlorethyl 

c'mci»s»  -  gg;g{8. 


684 


ETHYLENE :    SULPIIOCIILORIDES. 


DUalptiocMonde  of  Chloredi^rloae 
C'H'Cl'Xl'S' 


Disttlphide  of  Dichlorethyl 


C«H»Cl* 


Disulphochloride  of  DicMowthjleno 


DicFolphide  of  Triehlorethyl 

The  fint  two  of  these  ccrmpoonds  are  produced  hj  the  direot  combination  of  tb* 
chloride*  of  aulphar,  Cl'S  and  CIS,  with  ethylene;  the  third  is  al»o  s  product  of  th« 
iLotion  of  CIS  on  ethylene  -  and  the  fourth  in  produced  bj  the  action  of  chlorine  on  the 
third,  or  on  dianlphide  of  ethyl. 

They  are  aD  decomposed  by  dietiUation,  and  therefore  the  weighta  of  their  mole- 
cules cannot  be  determined  bj  experiment  The  last  compound  may,  however,  ht 
prodaoed  by  the  direct  aubstitntion  of  chlorine  in  disulphide  of  ethyl,  which,  ai 
■hown  by  iU  Tapour*den«ity  (p.  647),  is  (C'H')«.S»,  not  C»H*S ;  the  product  formed 
from  it  by  the  action  of  chlorine  ia  therefore  (C»H'C1»)'.S*,  not  C*H*C1*S  ;  and  bene* 
also  it  ia  probalile  that  the  two  preceding  compounds  ore  correctly  represented  by  the 
forinulEc  above  given,  mther  than  by  the  halvoe  of  those  formulje. 

JJichloroaulphide  of  Ethylene,  CH'Cl'S,  is  obtained  by  pecaing  ethyleu* 
giis  very  slowly  tJirough  dichloride  of  sulphur  (CFS)  contained  in  a  bulb-apparutiu, 
Bnd  when  the  saturation  is  nearly  flnished,  heating  the  liquid  to  100°  C,  and  paasin^ 
u  rapid  etreani  of  ethylene  through  it,  partly  to  complete  the  action,  partly  to  g»t  rid 
of  clilorinated  compounds  of  ethylene  formed  at  the  same  time;  or  the  liquid,  before 
complete  satoratioD,  is  dropped  into  water  At  80°  C.  to  decompose  the  atili  remaining 
chloride  of  sulphur ;  repeatedly  ehakeoup  with  fresh  qnantities  of  water  at  the  same 
temperature  ;  then  left  in  contact  for  some  time  with  dilute  soda-ley ;  agitated  with 
anhydrous  ether  to  free  it  from  suaponded  sulphur;  the  rmdue  left  on  evaporating  tht 
ether  is  again  dissolved  in  the  Bmallest  possible  quantity  of  ether ;  and  the  r«>iiidQe  Ivti 
on  evaporating  this  solution  is  dried  in  Tacao  orer  oil  of  vitrioL  (Ann.  Ch.  Phdrm. 
cxiiu  2.)* 

It  is  a  straw-yellow  liquid,  having  a  pnogent  odour  like  that  of  oil  of  mostani  la 
aatringent  taste  like  that  of  horae-rsdish,  and  raising  blisters  on  the  ^n  ;  even  tht 
vapour  destroys  the  epidcrmia  on  the  more  tt'oder  parts.  Specific  aravity  1-408  at 
13*^  C  It  is  inauluble  in  water,  nearly  insoluble  in  cold,  slightly  soluble  in  hot  oioobol, 
soluble  in  ubont  50  times  its  volume  of  boUing  ether.  It  is  deeompo«4»d  hj  heat, 
giving  off  chlorine^  sulphydric  acid,  and  volatile  prodocta  containing  sulphni  and 
carbon. 

Disulphoehloride  of  EthyUnt,  C*HK1'S',  or  DisulpMdtof  MonoeXIor- 

€thyt,  (vu*(t\[s*.—Thi3  compound  waa first  obtained  by  Niemann  (Ana.  Ch,  Fbann. 

cxiiL  288),  afterwords  in  a  state  of  greater  purity  by  Guthrie.  It  is  produord 
when  diaulpbide  of  chlorine,  Cl^S*,  is  brought  in  contact  with  ethylene  gaa,  either  ia 
Bunshine  or  at  u  terap<»nitnre  of  100°  C.  It  is  purified  by  agitation  with  warm  wate; 
drying,  digestion  in  ether,  and  evaporation  of  the  ethereal  solution  in  vacoo.  It  is  a 
pale  yellow  liquid,  having  a  not  onpleasant  odour,  a  sweet  astringent  taste,  and  actiog 
atrongly  on  the   mucous  membranes.     Specific  gravity  =  1*346  at  19^  C.     Catutte 

potash  converts  it  into  hydrate  of  ethylenio  oxysulphida,  /t»jj)  [  q  .HK),  Not  voLitile 
without  decomposition. 

Disulphoehloride  of  Monoehtorethtflene,  C^H»CPS»  =  C*H*C1».C1»S*,  ot Bi- 
sulphide  of  Diehlorcthyl,  C^fiHrm.^' — ^"^^^  hoAj  is  also  a  product  of  the  aetioo 
of  ethylene  on  salphide  of  chlorine : 

2C'H'  +  saS*  -  C'H«a*S*  +  2HC1  +  S«. 
It  is  prepared  by  passing  a  rapid  current  of  dry  ethylene  gas  for  some  time  throngb  snt 
phide  of  chlorine  contained  in  a  capacious  retort  provided  with*  vertical  condensingtubc^ 
afterwards  heating  the  liquid  in  a  smaller  retort  till  the  boiling  point  risea  to  1S0*C 
(whereupon  hydrw:hIoric  add  escapea  and  Bcarcely  anything  but  iinalti»red  sulphide  of 
chlorine  distils  over)  ;  decanting  the  liquid  residue  from  the  sulphur  which  separate* 
on  cooling;  digesting  it  for  some  hours  with  water  at  80"  r.,  then  with  dilute  iodt- 
ley ;  and  dissolving  it  in  ether,  &C.,  as  in  the  preparation  of  the  compound  CH'Cl'S. 
It  is  a  clear  pale  yellow  liquid  of  specific  gravity  1'599  at  11°  C,  having  a  ewwt, 
astringent  taste,  and  when  recently  prepared,  an  agreeable  odour,  resembling  oil  of 
peppermint  and  oil  of  lemon ;  three  or  four  drops  of  it  prodace  head-ache.    It  ii 

•  TbedJe>i1«ridi<orti]ln1iiir  Unttpart-A  hf  MturatinpdUulpbideof  chtorliic(8iCt^)  wilhdTTchVoriM 
at  VfP  C.  and  collecUng  the  dlitilUt*  front  thu  {iroducc ,  which  [>as»c«  wn  bciw«ea  70°  and  90^  C 
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•olnble  ID  aJcobol  and  ether,  inaoluble  in  water.  Not  volatile  without  docompoBitioi^ 
When  treated  with  chlorine,  it  is  converted  into  Lhn  following  compound :  — 

Sutpkoekloride  cf  BiehlorttkyUnt^  C'H'Cl^  -  (J'H^Cl'.a^S',  or  D%9uU 
pkidtofTriehlortihjfl,  rw|rirn*[^> — ^Frodaced  bj  puting  chlorine-gu  through 

the  preceding  compoond  in  the  dark,  first  &t  mean  tomperatore,  afterwards  at  lOOP  C, 
or  by  the  action  of  chlorine  on  diaulphide  of  ethjL  Purified  by  paaeing  a  atream  of 
carbonio  anhydride  tbrouffh  it  to  remove  hydrochloric  acid  and  amall  (juajotities  of 
■vlphide  of  chlorine,  thffli  dige«ting  in  ether,  &c  It  ij  a  clear,  pale  yoUow  liquid,  of 
•pcdfle  gravity  1-219 — 1*226  at  I3fi°  C.  It  haa  a  pungent,  suffocating  odour,  is 
insoluble  in  water,  soluble  in  alcohol  and  ether ;  decomposes  when  distilled  in  the  air, 
bat  volatilises  completely  without  deoomposition  in  an  atmoephcre  of  carbonic  anhy* 
dride.  (Gatbrie.) 

aTKTX.ZVS,   8VX.PBTDXATB   OV.     C*H*S*  »  ^^^t^  [s*-      EthyUnk  or 

GljfcoUe  Mereaptan — Obtained  in  alcohob'c  aolotion  by  mixing  chloride  of  ethyleoH 
with  alcoholic  enlphydrste  of  potassiam,  and  aeparating  the  liquid  from  the  reaoltini^  ; 
chloride  of  potaseium  by  durtiUation.    The  solution  has  a  pungent  odonr  like  that  of 
mereaptan,  and  fomu    with   aretate   of   load  a  yellow  precipitate    consisting    of 
C*H*Pb»S».    (L5wig  and  Weidmann,  Pogg.  Ann.  xlix.  132.) 

When  bromide  of  ethylene  ia  poured  into  a  concentrated  alcoholic  solution  of  ml- 
pbydrate  of  potassium,  the  liquid  becomee  warm,  and  deposits  a  large  quantity  of  j 
bromide  of  pot^isaium ;  and  on  adding  water  to  the  liltenHl  alcoholic  aolntion,  ethylenio  j 
mereaptan  separates  as  a  colourless  oil,  which  is  partially  decomposed  by  diatillatioii. 
(Kekttl6,  Lrhrhuch,  I  666.) 

snnXBWB-SAASS.  Cloei  in  IBfiS  (I'lnstitut  1858,  p.  318),  by  heating 
alcohoUc  ammonia  in  aealod-tubes  with  chloride  or  bwmide  of  ethylene,  obt«ired  thrpe 
volatile  bases,  which  he  mippoaed  to  be  monamines,  containing  the  radicles  CH,  C*H*» 
andCH*,  vifc: 


FonBonunlnfl. 

CH 


CRm  -  N 


C?H»N 


Aet««a«B3l9e. 

^  lc*H" 


Propflenunine. 


The  second  of  theM  bases,  or  a  stibstance  isomeric  therewith,  was  Ukeirise  obtained  by  1 
NatansoD  (Ann.  Ch.  Fhariii.  xciL  48;  xcviii.  20),  who  took  the  same  view  of  it«l 
roDstitution. 

But  the  more  complete  invefltigation  to  which  these  bases  have  been  subjected  by  H o  f- 
mann  (Proc,  Roy.  Soc,  is.  154  ;  x.  224),  has  shown  that  they  are  diamines,  formed  from 
a  double  molecule  of  acnmonia,  IPW,  by  the  substitution  of  1,  2,  and  "i  molecules  of 
ethylene  for  2,  4,  and  6  at.  of  hydrogen  respectively.  The  mode  of  formation  of  their 
bydrobromates,  or  the  dibromides  of  the  correspondtng  diammoniums,  is  shown  by  the 
following  equations: — 


k 


C^*Br»    +    2NH»  - 


aO*H«Br«    +    «m"   -  MfH*Br    + 


«C»H«Bt»    +    6NH»    ^    4NH*Br    + 


Dlbrmnide  of  pth.fl«a»> 
ilUinDionlum.  * 

[N'H*(Cr"H«)'l'Ur» 

Dtbromldr  o(  A\f\hj\eat^ 

diamni(mium. 

rN'H*(C»H*)»]"Br«« 

DibTomld*  of  trl*th;len^ 
divmaoniuin. 


Thih  tomation  of  these  three  diatomic  bromides  is  precisely  analoj^otis  to  that  of  the 
moncbroiiudQS  of  the  ethylommoniuma  (p.  564),  the  flrst  being  produced  by  the  simple 
eombination  of  the  aramonis  with  the  ethylenic  bromide,  whereas  the  formation  of  the  | 
■eoond  and  third  is  accompanied  by  that  of  bromide  of  ammonium. 

Chloride  of  ethylene  appears  to  act  on  ammonia  in  a  similar  manner,  bat  not  so 
readily.  The  reaction  presentB,  moreover,  several  phenompna  which  still  require 
Airther  investigation.  The  bromide  acts  upon  alcoholic  ammonia  at  ordinary  tempera* 
tares,  bat  on  aqueous  ammonia  only  when  assisted  by  heat. 

The  dibromides  of  the  ethylene-diammoniama  distilled  with  potaab  yield  the  oaf 
responding  bases  in  the  form  of  hydrates,  which  retain  their  water  with  such  obstinacy  j 
that  they  can  scarcely  be  dehydrated  by  caustic  lime  or  barytA ;  the  remark  applies 
more  eepecially  to  ethylene-diamine,  whjch  requires  prolonged  treatment  with  sodium 

*  It  dsMrm  to  be  noticed  tfut  the  expcrfmratjil  dJita  wtiteh  have  referrac*  to  the  formuion  uid  rro* 
ipertlw  of  the  Iblrd  bM«  *rc  ttiil  vtty  icantjr^-A.  W.  H. 
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to  yield  up  the  last  portions  of  water.    By  this  mooae  the  ajib>-drous  iMtset  or  duiinbM 
are  obtained,  tu.  : 

Elhjlane-dUmln«.  Dietli]rlcn«-<lUunin«.  TriMbylva^-diuainc. 


C'E'IP 


NM   H» 


CH"!!'  -  N' 


Tlie  iecond  of  thc«e  formube  u  exnotly  doabl©  that  of  the  acetensmine  of  Clo« ;  fh^ 
first  and  third  ^Hffat  from  tJie<  double  formtilffi  of  fonaenamuie  aad  propyletuuuine 
(p.  585)  by  2  at.  hydrogen. 

The  ioadmissibility  of  the  tnonatomic  formuLs  is  ahown  :  Firttly,  by  the  i««o)tf  of 
analyflifl,  as  may  be  Been  by  the  following  conipariHon  of  the  c*leuJatc4  and  experi- 
mental numbors  of  the  hydrate  of  the  flret  bmc  {OWNJIO,  or  C='H*N*.H*0,  accorduig 
to  Cloeis;  C-H*N^^*0  aoooirdtng  to  Hofmaan),  and  of  the  oorreaponding  hydro- 
chlorate: 

Hydrvted  Bom. 


CalcuUrion. 


Analyw 


Carbon . 
Hydrogen 
NitrogNi 
Oxygea 


Carbon . 
Hydrogpn 
Nitrogen 
Chlorine 


C»H*N».H»0 

C*H«N»H'0 

Claat. 

Hoftnuni. 

.     81-68 

30*76 

31-12 

3067 

.     10-52 

12-82 

12-78 

13  97 

.     33  84 

35  90 

35-80 

86-33 

.     21-i>6 

20-52 

10000 

lOOOO 

Hjfdrochlorate, 

CalculilloD. 

AoalfM*. 

CH'!f.HCl 

CH»N».H»C1* 

CI  on. 

Hofmano. 

.     18-32 

18-04 

17-58 

17-87 

.       611 

7-52 

7-39 

7-56 

.     2137 

2106 

20-47 

.     64-2U 

63-38 

63-63 

63-17 

4 


100-00 


100-00 


Sfffmctty,  by  the  boiling  point*.  The  throe  anhydroui  ba«ea  boil  at  117°,  about  170*, 
and  abont  210*'C.  respeettvuly,  the  diiferenca  of  the  first  two  being  63*>,  aodof  tht 
second  and  third  40°.  Now  homologoaii  (mbstanoe^  related  to  one  another  IB  tiba 
jnanner  indicrtt*ti  by  the  monatomie  formate,  CH'N,  C^H*N.  C»H'N,  that  ia  tOMg^ 
differing  by  CiP,  do  not  generally  diffVr  in  boiling  point  by  more  than  20°.  Moraovnii 
metbyluTnine,  which  contains  2  at.  H  more  than  the  Eupposed  fonae^amirte  of  CIoci« 
is  a  gas  at  ordinary  tempcratnreB,  and  doea  not  liqaeij  till  cooled  eonnderably  below 
the  freezing  point  of  water. 

Thirdly,  and  ohiefly,  by  the  vsipoTip-densitieB.  The  TaponrHlensitv  of  the  firrt  baM 
in  the  anhydrvms  state,  as  d»temiined  by  experiment,  is  2*00  (Hoimann) :  now  the 
formula  of  ethylcne^diamine,  C*H'N',  calcolated  for  a  condensation  to  2  Tolomea,  ffvm 
2.  12  +  8.  1  +  2  .  H    ^    jj.Qggj  _  2  08,  whereaa  that  of  formenAmine,  CH^,  caJco- 

lated  for  a  like  condensation,  give  1-014.  In  like  manner  the  Tapour-donaity  of  the 
second  anhydrous  base  is  by  experiment  27 ;  and  by  calculation  from  the  diatomie 
formula.,  Ck^'N^  repn^nenting  a  condensation  to  2  TcJamca,  it  ia  29,  the  nwnatnBiir 
fbrmala,  C'H*N,  rpqniriiig  1-45. 

The  Taponr-densities  of  the  hydrated  bases  appear  at  first  sight,  to  faraish  aa 
aigtument  in  favour  of  the  monatomic  formols.  That  of  the  first  nvdrated  base  waa 
found  by  Cloei  to  be  147.     Now  the  formula,  C^H'HO  or  C*H*N,HO,  calculated  for 


2    ToK    gives 


2.  6  +  4.  1  +  14  +  8 


X  00693  =1-32;    whereas   the   diatomic  fonnula, 


CH"N'0  or  €*H'*2f^G^,  reqoiies  2-70.  This,  however,  is  a  caae  of  di»-^u0ocMHM 
(see  Atomic  "WHioHre,  i.  487),  the  hydrate  splitting  op,  at  the  high  temperatupe  if 
which  the  vapour-den.qity  wa-s  taken,  into  watex andtbe  anhydrons  base,  eaeh  of  which 
occupies  2  vols.,  and  therefore  the  whole  4  vols.  That  these  hydrated  baaes  do  aetnally 
split  op  in  this  manner  at  high  temperatures,  has  been  experimentally  demonstrHterl 
with  rogaxd  to  another  base  cf  similar  constituLioa,.  which  will  be  aftaimrdi  okb- 
tiooed  (see  p.  588). 
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The  othjlene-cLiuniDW  obtained  as  above  are  voUtOe,  strongly  alkaline  bodiee, 
which  neatraliae  acidij  complet«l;.  EtbyleniHliamiiie  ie  a  liquid ;  dicthylenC'^iainirM 
its  a  solid  eubetiuice,  cryBtallisIng  in  tniaspehrant,  well-deTelope<l  cryeUls,  which,  in 
winter  are  apt  to  attain  coneiderHble  magnitude.  Moneth/leae-diamixie  heated  with 
mitrcut  add  jielde  oxide  of  ethylene  and  free  nitrogen : 

N»H«.(C«h*)  f  N'O'  -  CH*0  +  2K«  +  2B«a 

A—Qiing  that  the  diatomic  ethjlene-baHes  imitate  the  deportment  of  the  monatomia 

ethjl-baaea,  each  of  the  ethjrleBe-diamine«),  when  treated  vnth  dibromide  of  ethyleoe, 

night  be  expected  to  be  converted  into  the  dibromide  of  the  next  higher  base  ;  tri- 

bromethylene  than  treated  would  yield  the  dibromide  of  tetrethjleae-dianunoBium 

[N'(C''k7]"St',  which,  Bubjected  to  the  actioa  of  moist  oxide  of  tatnr,  ahoald  be 

coBTertod  into  the  fixed  base  *-    ^         H- [  ^*'    "^^^  reactions  do,  in  some  measoiv, 

actoally  occur,  but  tliey  assume  a  much  more  compLicated  character,  in  oonseqoeDce  of 
the  tendency  belonging  to  dibromide  of  ethylene  of  exertine  upon  the  diamines  already 
Ibnaed,  an  action  simuar  to  that  which  it  exerted,  in  the  formation  of  these  diaminea, 
vpoa  amnuHiia  itaelf,  thereby  giving  riae  to  the  fonuiitioa  of  triamines,  tetraraincs,  snd, 
in  g«Deral,  bases  of  higher  atomicity. 

EtkyUne-diamtnfs  containing  ftoih  Aftniatoinic  and  Diatomic  Alcoboi'mdioLft. — The 
typie  hydrogen  of  the  ethylene-diaminea  may  he  replaced  by  the  monatomie  alcohol- 
noidea,  methyl,  ethyl,  &c  Each  of  these  bmes,  when  subjected  to  the  action  of  lodid* 
nf  eikj/l,  takes  up  a  quantity  of  that  compound,  forming  the  iodide  of  a  diammoniam  con- 
taining both  ethyl  aiid  ethylene,  and  this  iodide  treated  with  oxide  of  silvpr,  vields  a 
diamine  in  which  2  at.  of  the  original  base  are  replaced  by  ethyL  Thus,  by  BODJecting 
monethylene-diamine  to  the  alternate  action  of  iodide  of  ethyl  and  oxide  of  silver.  th« 
following  aeries  of  iodides  is  obtained: 


[N«H'(C»H*)*(C^-H*)]P. 
[N'H\C'H»)XC*H*}]I* 
[N*H(C«H*)*(C%*)]P. 
[N»(C'H»)«(C«fi«)]I» 


Di-iodide  of  Diethyl-ethylene-diamraoninm      . 

Di-iodide  of  Tetrethyl-etbylene-diammonium  . 

Di-iodide  of  Fentethyl-ethylenp-diammonium . 

Di-iodide  of  Hexethyl-etbyleae-diummotiiam  . 

The  first  two  iodides  treated  with  oxide  of  silver  yield  Tolatilo  bases ;  the  third  and 

fourth  yield  the  fixed  ba«e.  N*HCC?H»)^C«> )  |  q,^  ^^  NXC^)-(C^)j^j.^  ^^^ 

*  do0«  resemblance  to  hydrate  of  tetrethylammoniumi  the  base  with  fi  at  of  ethyl 
being  incapable  of  taking  np  any  more  ethyl 

Diethyleae-dianine  subjected  to  the  same  alternate  treatment  with  iodide  of  ethyl 
and  oxide  of  silver,  yields  only  three  bases,  one  volatile  and  two  fixed.  The  oorro- 
sponding  iodides  are : 

Di-iodide  of  Diethyl-diethylene-diaaimonium 

Di-iudide  of  Trietbyl-Hdjethylene-diammoniom 

Di-iodide  of  Tetrethyl-diethylene-diammoniam 

Iodide  of  Methyl  acta  on  the  eLhylenamines  in  a  similar  manner,  except  that,  as  in 
it*  action  on  ammonia  and  the  monamines,  the  final  products  of  eubstituf  ion  are  ob- 
tained at  once,  with  little  or  noneof  theinteirmediate  compoonds ;  thus,  with  ethylene- 
diamine,  it  gives : 

Di-iodide  of  Hexmethyl-ethylene-diammoniuin,  [N\CH')XC%')]"I', 

and  with  diethylene-diamine : 

Di-iodide  of  Tetramethyl-diethylene-diamuioniam,  [N\CH')XC'3H*)«]"P. 

The  dibromides  of  diethjl-ethylene-dinmmonintti  and  diethyl-diethjrlene-diammo- 
nium  are  obtained,  together  with  other  products,  by  the  action  of  dibromide  of  ethylene 
on  ethylamine: 

CH*Bj*  +  2[im\Cm*)]  =  (7r»HXC»H»y(C^')]"Br», 

2C^«Bp»  +  2[NB'(C='H»)']  ■=  [K'H»(C*H»)«(0'l[*f]"Br'  +  2[NH*(0»H»)Br]. 

The  former  of  these  bromides  yields,  by  distilktion  with  anhydrous  baryta,  a  liquid, 
which  has  a  strong  ommoniacal  odour,  and  solidifies  to  a  crystalline  mass,  somewhat 
like  fused  stearic  acid.     It  may  be  regarded  as 


[N'H'{C?H*)»(C«H«)')P. 

[N»H(CH»)^C*'fl«)*]"P. 
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Ozido  of  Biethjl-ethyleQe-diaminoLitim 
or,    Hydrate  of  Diethyl'ethylene-diamuie    . 


fN'HXC7H»)«(C^')]-0 ; 
[N»H»(Gm*)»((?i')]-HH). 


The  anhjdiotiB  base  1PH»(C''H')XC?H*)  =  C*H'«N*.  is  obtainGd  by  repeat#dl^  t 
ling  the  hydrate  with  exeesa  of  anhydrous  baryta.  Its  vapoar-dpflsity,  detemuaed  i 
experiment,  ia  67*61  (referred  to  hydrogen  aa  iimity),  which  agrees  very  nearly  witJ 
the  namber  calculated  from  the  formula  C*H"N*  for  a  condensation  to  2  Ti^,  til 
6.12  +  16^.1^2.14  _  gg  jj^^  ^^^  hydrat«d  baae,  C^'«N'.H«0,  is  found  by  experi- 
ment  to  have  a  vapour-denBity  of  33'2,  whereas,  for  a  condensation  to  2  TolniDea,  it 

ehoold  be j^ —  67.     This  hydrate  exhibits,  therefore,  the  same  anonulj  u  the 

2 

hydrate  of  ethylene-diamine,  that  is  to  say,  its  vapour,  when  heated  16°  or  20^  abore 

itn  boiling  point,  splito  up  into  the  anhydrous  base  and  water,  oaeh  of  whieh  oceopiee 

2  volomea,  and  the  whole,  therefore,  4  volumes.     That  such  is  the  ciise  may  be  et^ieri- 

mcutally  dt-monstratf^  by  coalliuDgr  a  quantity  of  the  rapour  in  a  tube  standing  orer 

mercury,  heating  it,  by  meuQs  of  a  glass  paruffin-batb,  to  about  170'^  C,  obserring  ils 

volume,  and  then  pus»ing  up  a  few  pellets  of  anhydrous  baryta:  the  tnexcoiT  iniiDe- 

diatelv  begins  to  rise,  and  the  volume  of  the  vapour  is  soon  reduced  on«-haI£   (Ewe. 

Boy.  See.  X-  597.) 

The  second  of  the  above-mentioned  bromides,  the  di  bromide  of  diethyl-diethy* 

lene-diammouium,  yields,  by  distillation  with  baryta,  a  base,  which  is  liquid  it 

ordinojy  temperatures,  and  boik  at  186^^0,     Tliis  base  is  diethyl-dietbTlene- 

dianiine;  it  is  likewise  produced  by  the  action  of  dibromide  of  ethylene  on  dietiiyl> 

ethylene- diamine,  according  to  the  equation: 


N'H'(CH»RC'H').+  CTH'Br* 

DlelhrUctfa|rleoe> 
diamlae. 


=  N*H*(C»H*)»(0*k')'Br*. 

Dlbromldo  or  DiethyMiothy- 
IcDC-dUinniMiium. 


Btb  jlene-^laiulxiea,  -tetraziilae*i  4i^  The  action  of  dibromide  (chloride  or 
iodide)  of  ethylene  on  ammonia,  give*  rise,^  not  only  to  ethylene -diamines,  but  likewit« 
to  fthylejie-busM  of  hi|»htr  ordt>r,  that  is  to  say,  buses  in  which  a  greater  numbvr  of 
aramonia-mcletniles  are  joined  together  by  the  substitution  of  ethylene  for  an  equitalrot 
quantity  of  hydrogen.  It  is  obnous  that  two  molecules  of  ammonia  can  be  joinnl 
together  into  a  stable  compoimd  by  one  molrculuof  a  diatomic  radicle,  three  MamoiUft> 
molecules  by  two  molecules  of  diatomic  radicles,  four  by  three,  &c.,    thus : 
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And  geoeraUy.  to  unite  «  ammonia-molecules  into  a  stable  compound,  the  number  cS 
diatomic  radicles  which  is  necet*ary  and  suffirient,  is  «  —  1  ;  but  the  number  of  .«nch 
radicles  which  enter  into  the  combiuation,  may,  of  course,  be  incrvasod  by  furths 
substitution,  so  long  as  there  is  any  hydrogen  left  to  be  replaced. 

The  number  of  (itablo  compounds  which  can  be  fomitd  by  the  action  of  m  moleeabl 
of  dibromide  of  elhylene,  or  other  diatomic  alcohol-radide  on  2n  molecnlea  of  anunooiir 
u  rqtreseQted  by  tbe  following  eqttatbns: 

n&'Bt'  +   2nNH»  -   [N-*'iR-H»"+*]Br-*«   +  (»-l)NH«Br 

-  [N-    k'B*'    ]Br-       +  nNH«Br 

-  [N-iR-H*-']  Br--'    +   <fl  +  l)NH*Br 


•  [N-»: 


l-Ht^oiBr--'    +  (ii  +  2)NH'Br 
&c  &c. ; 


ths  but  t«nn  being  {sH'  ]  Br«  +  ?!!NH*Br.   if  »  »  erm. 


Thus  for  n  =  4,  the  series  of  eqtiiitions  reproveotiiig  the  possible  iiiimb«r  at  ftabte 
po]jr»tomie  bu«a  [-«>dnoed  ia. 


.  [N»R'H*]Br> 


I 


I 


I 


•ad  tornmS, 

ONH«  -.  [N*fi'H'*]Br* 

»  [N#H»lBr* 

-   [N'K'H'JBr* 

no  fiist  equation  of  each  fleries : 

nfiBr*  +  2iiNH»  -  [N-*'li'H'»**]Br*i   +(n-l)NH'Br  . 

represents  the  formatioQ  of  the  first  or  simplwit  term  of  each  ] 
in  which  the  replacement  of  the  hydrogen  bj  the  diatomic  i 
that  is  conjiisteot  with  stability. 

The  action  of  an  alcoholic  dibromide  on  prirouy,  secondai^,  and  tertiary  mona- 
mines,  r.  tf,  on  ethylsmine,  dieLh jl&mine,  and  triethjlaiaine,  m  subject  to  prraselj 
similar  laws ;  but  it  evidently  becomes  less  complicated,  and  the  number  of  possible 
products  less  itutnerous,  aa  the  niunber  of  atoms  of  replaceable  hydrogen  in  the  moo*- 
mine  is  diminiiih»i 

To  return  to  the  general  equation  just  cited.   If  n  =  1,  it  aaBTunea  the  sunpte  form : 

Rlit'  +    2Nn"  -  |N-R'^«]"Br» ; 
wbich,if  R  B  CEV  represents  the  formation  of  dibromide  of  cthylene>diam* 
moniam,  the  diamine  of  which,  ondergoing  furthnr  aubctitution  under  the  infiueuoe 
of  dibromide  if  ethylene,  yields  the  higher  terms  of  the  series  of  diatomic  ethylene- 

baM«,  Tit.  N\C%')»H'  and  N'(C»'h')». 

When  n  ■>   2,  the  general  equation  beoooiM 

2R-^r»  +    4NH*  =  [N'fe*H*]'-Br»  +  NH«Br, 

representing  t}n<  formation  of  the  first  tenn  of  aBericsoftri-ammoDiamcomponDdt; 

the  following  trnns  of  which  are  N'ft'H*,  N'fe'H*.  N^»H»*iid  N»R« 

In  thn  cthylcne-series,  this  last  equation  rppreaents  the  formation  of  tribromide 

of  diethylene-triammonium,    [N\C"'k*)»H»]"*Br' ;  which,  nnder  the  inflnenee  of 

an  alkali,  yieldsdiethylene-triamiDe,  NXC^«)'.H*,  capable,  when  subjected  to  the 
aitcimate  action  of  dibromide  of  ethylene  and  oxide  of  silver,  or  an  alkali,  of  yielding  tri- 

c  t  by  I  e  n<^t  r  i  a  m  i  n  ^  N^C'k*)'H^  andother  triaminee  of  higherdegrces  of  sobadtntion. 

The  portion  of  the  mixtore  of  volatile  bases,  obtained  by  the  action  of  ammonia  on 
dibromide  of  ethylene^  which,  alter  aereral  rectifications,  boils  between  200'^  and 
220*^  C,  consists  almost  wholly  of  di-  and  tri-etbylcne-triamine.  These  bas^s  cannot 
l»e  separated  by  distillation,  in  consequence  of  the  proiimity  of  their  boiling  points; 
bnt  th<'ir  separation  is  effected  by  transforming  them  into  platianra-salls,  which 
cryBfalliHP  with  remarkable  facility, 

Bnth  difrthylene-triainino  and  triethylene-triamine  are  poweiftilly  alkaline  liquids; 
Boloble  in  every  proportion  in  water  and  alcohol,  almoet  insoluble  in  ether.  They  boil 
respectively  at  about  208°  and  216<^  C.  They  neutralise  adds  completely,  |riving  rise 
to  the  formation  of  well-dfilned  and  in  most  cases  beanttfolly  cr^stellised  salts, 
which  are  generally  very  solal>K'  in  water,  sparingly  soluble  in  alcohol,  insoluble  in 
ether.  The  aqueous  solutions  of  the  salts  are  not  precipitated  by  sotutinnii  of  caa!«tie 
alkalis,  but  solid  hydrate  of  potaxsium  separates  their  bases  in  the  form  of  nearly 
eolourleee  oily  liquid*,  wliich  rnpidly  attract  carbonic  acid  fifom  the  air. 

Both  thew  base«,  and  indeerf  the  triamines  generally,  are  capable  of  forming  three 
riaaars  of  salts,  containing  reMpcctirely  3,  2  and  1  molecule  of  acid  ;  thus,  diethylene* 
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truunine    appears    to    form    three     hydrockloratet,    oODtaining  K^CH'j'H'aHClL 

N»(C»fe«)*H».2HCl,  and  N^C*H*)'H».HC1,  the  ktKsr  being  atiU  doubtful,  bat  the  two 
former  being  established  bj  numerous  pxperixnents.  The  platinwn^ttUt*  appear  to 
exhibit  a  stili  greater  direraityof  compoeltion,  being  CApable,  not  only  of  ftmuiig  atlta 
corresponding  to  the  three  hjdrochlorates  jiist  mentioned  ;  ria, 

2[N»((^H*)'H*.3HCl].3PtCl* 

N»(CJH*)*H».2HClJ»tCl* 

2[N»(CH*)'H».Ha]  J^C1« ; 

but  likoviBa  compoanda  in  which  the  n\imb«r  of  tetrachlorid«-of-p]at3Biiiii  i 
diminiBhes,  whilst  the  lu&ount  of  hydrochloric  ac\d  remains  cooataat ;  lueh  i 

N»(C5H*)'.H».3HC1.RC1« 

3p?«(CH<)»^».3HCl].PtCl* ; 

not  to  speak  of  water  of  tirjatalliaation,  which  manj  of  thene  salts  retain  with  graat 
pertinacity. 

This  great  dirorsity  of  salts  introdtices  oon«iderable  difScnlty  into  the  process  of 
Hoparating  the  two  basfs  by  conrerting  them  into  saline  compounds ;  most  of  the  wtJtt, 
\w\rcver,  and  especially  the  plntinum -salts,  crystallise  very  readily,  a  cireumsJ 
which  greatly  facilitates  the  determination  of  the  conditions  nnd«r  which  the 
jwpfvrtaQt  salts  are  produced. 

The  triplatinic  salt  of  diethyleoe-trinmine,  2(G'H:'*N*.3HCi).3FtCl*,  crfstallissi  iB 
magnificent  golden-yellow  needles.  It  cannot  be  reorystallised  without  decomposition ; 
a  pecnliarity  which  likewise  belongs  to  the  platinam-salts  of  Boreral  other  tnatomie 
ammonias.  New  platinam  compounds  are  thos  produced,  in  some  of  whioh  tbs 
chloride  is  united  with  a  smaller  number  of  molcenles  of  platinic  chloride ;  whilM 
others,  almost  insoluble  in  water,  and  containing  a  very  li^rgi  amoont  of  platinum,  appear 
to  be  produced  by  platinic  substitution. 

Triethylene-triamine,  C*H"N»»N»((yH*)*H*,  forma  salts  of  gi«af«r  solobility 
than  those  of  diethylcDe-triamine,  and  exhibits  a  greater  tendency  to  form  imperfectly 
saturated  salt»;  indeed,  the  normal  or  triacid  salts  of  this  base  ar«  obtainea  only  in 
presence  of  a  large  excess  of  add,  feebly  add  solutions  always  depositing  salts  cont«ii>. 
lOg  2  at  add  to  I  at.  of  the  base  ;  and  these  diacid  salts,  when  mixed  with  the  frw 
base,  yield  salts  approaching  in  composition  to  the  mono-acid  salts,  <i.y.  C*H"N*.HBr 
tbotigh  these  last  hikve  not  been  obtained  quite  pure. 

Thm normal plalinum-mlt,  2(C*H'\N".3llCl).3PtjCl*,  crjstallises  in  long gold-coloorsd 
needles,  much  more  soluble  in  water  tlu%n  the  platinum-salts  of  the  ethylene-dJamJots 
A»  well  as  of  dietliyk-ne-triamine,  with  which  the  triethylepe-fariamine  is  likely  to  be 
fontaminated.  It  cannot  be  recrysttdlised  without  suflFering  decomposition  like  the  di- 
ethylenic  platinnm-salt  abore  mentioned.  Left  in  eontact  with  an  excess  of  the  tnadd 
hydrochlorate  of  triethjlene-triamiae,  it  changes,  after  a  day  or  two,  into  weU-fomed 
prisms  of  oonsiderable  eize,  containing  about  8  per  cenL  of  platinum  less  than  the  ori- 
einal  salt,  and  apparently  consisting  of  a  platioom-compound  the  constitution  of  which 
IS  not  yet  perfectly  established. 

The  normal  gold-gait  C*H"N».3Ha.3AuCl»  crystalliBes  in  yellow  plates  sohible  in 
water,  alcohol,  and  ether;  they  may  be  recry»tallised  from  water,  but  on  protraeted 
ebullition  they  are  decomposed,  with  separation  of  metallic  gold. 

Eihf/lated  Triaminf s. — The  ethylene-triaminea  just  described  ape  poweifoUy 
acted  on  by  the  iodide's  of  methyl  and  «thyl,  doubtless  producing  ethylated  or  methyl- 
at«d  etbylcne-triamines.  The  products  thus  formed  have  not  however  been  examintd 
in  detail,  but  some  of  the  ethylated  deriTstives  of  the  ethylene-triamines  hsTt  bea 
obtained  by  the  action  of  dibromide  of  ethylene  on  etbylamine.  This  reaction,  il 
already  observed  (p.  fiS7),  yields  a  mixture  of  bases,  which  may  be  partly  i 
by  fractional  distillation.     The  portion  which,  after  several  rectifications,  ] 

below  200*  0.  eonsisU  mainly  of  two  ethylated  diamines,  N»(  C%*XC'H»)'H',  sfl^" 

The  portion  of  the  mixture  boiling  abov*  200''  cnrttains  the  ethylated  triimiBM. 
JMssolvcd  in  hydrochloric  acid  and  mixed  with  tetrachloride  of  platinum,  it  yield* 
a  splendidly  crystallised  platinum-ealt.  which,  by  numeroiis  crystallisations,  may  bt 
separated  into  two  salts,  one  sparingly  soluble,  the  other  more  aolubla  in  water.  They 
consist  of  the  platinum -ralta  of  the  two  bases : 


reaction,  u       , 


ETHYLENE-BASES. 


iS9I 


Dwlhylene-triethyl-trianune 


Triethylene-triethjrl-triuiiiDf 


C'«H»N»  -  ISP   (CH»5» 
^     H» 


C"H''N*  =  N' 


Both  the«e  baaea  ■»  oily  liquidav  powf rMly  c«iistie,  extremely  •oliihle  in  water, 
tMuling  between  220°  and  260'°  C.  Soth  form  neutral  nrntalline  salu  TCiy  soluble  in 
watar,  likewiM,  though  leas  bo,  in  alcohoL  The  gold  und  pUtinuni  saltB  of  diethyl hdc- 
tn'«>thyl-tnaniino,  which  hare  the  normal  composition,  crystalline  -wfJL 

The  salta  of  the  aecond  baaea  are  aren  more  aolnble  than  those  of  the  fimt :  the  plati- 
Bum-aalt  eryBtallisea  only  vhen  the  aolntion  it  er^Kirated  nearly  to  diyneM. 

Diethylene-diethyl-triamine,C«H"N»-N»J(C»H»)-,iganotherbaie»metiajea 

t     H» 
found  among  the  baiies  of  tugher  boiling-point  produced  by  the  action  i>f  dibromide  of 
ethylene  on  ethykmine.     Ite  formatioQ  la  due  to  the  presence  of  small  quantities  of 
a<p«i>rtwU  in  the  ethykmiue  employed  : 

8[N(C*H»)H^  +  NH»  +  2CPH«Br'  =-  [NXC*'H*)'(C»H*)»n«]Br'  +  [N(CH»)H»]Br. 

This  base  forms  rem&rlcably  beautiful  crystalline  mltB,  among  which  the  hydro- 
eklamte,  0»H"N*.3HC1,  is  diitinguished  by  it«  insolubility  in  alcohol,  a  property  which 
readers  it  easy  to  separate  this  base  from  the  oihcr  ba»e«  aoo<»apanying  it.  The  hy- 
dTo<»hlon»te  cryatallisefi  in  leaves  having  a  nacreous  liwtre :  it  is  very  soluble  in  water, 
iosolable  in  ether.  The  correspoudiiig  nydriodaU,  C"H^'N*.SHi,  ia  mnich  more  soJuble, 
and  ia  formed  only  when  a  gre^t  excess  of  add  is  preeent.  In  fuct,  the  ethylated 
ethylene-triamines  exhibit  tlie  same  tendency  to  form  diatomic  mils  as  the  ethylene- 
triaminee  themaalTea.  A  solution  of  dietbylene-diethyl-triamiDe  just  nentraliaed  irith 
hydnodio  add,  depoaita  the  salt  C»H"N».2HI.  The  nilratr,  CH-'N'-SHNO",  diswhea 
readily  in  hot,  moderately  in  cold  water,  and  ia  dz-posited  from  a  hot  saturated  solution 
on  cooling  in  large  rectangular  tables  having  the  aspect  of  nitrate  of  ailver. 

Tbtbaxikks. — The  general  equation  a  (p.  dS9),  when  n  »  3,  becomes: 

SB'-Br"    +    6NH»    -    [N«6*H'»]"Br«    +    2NH*Br; 
ahowing  that  the  simplest  tetramine  of  the  ethylene  seriee  is : 


Tn>thylene-tetramine 


C*Hi*N« 


N.S(c|.T 


The  separation  of  this  base  among  the  products  of  the  action  of  dibromide  of  ethylene 
on  ammonia  is  attended  with  Tpiy  great  difficulty,  on  account  of  Ws  high  boiling  point ; 
but  it  may  be  obtained  pure  by  submitting  ethylene-diamine  to  the  action  of  dibromida 
cf  ethylene : 

2[N«jtC^;r]    ^   C^«.Br»  +   2HBr  =   [sf  ^|;r]"Br«. 

The  hydrobromic  acid  which  appears  in  this  equation  arises  from  another  phaae  el  the 
n-actioQ  not  yet  completely  studied. 

Triethjlene-k'tramine,  separated  from  the  bromide  by  oxide  of  ailver,  is  a  powerAiUy 
alkaline  Lquid,  which  dries  up  to  a  ayrap,  showing  no  tendency  to  crysUllise.  The 
platinnm-ealt,  C*H'«N*,4HC1.2PtCl\  ia  pale  yellow,  amorphous,  almost  insoluble. 

Etk^lattd  Teirammonivns. — These  compounds,  obtained  by  the  action  of 
dibromide  of  ethylene  on  ethylBmine  and  dit-thylMmine,  are  more  easily  prepared  in  a 
state  of  purity  than  the  ethylene-tetrammoniams  themselves. 

Dibromide  of  ethylene  heated  with  difthy! amine  to  lOO^  C.  in  aealed  tubes  fbr 
some  hoars,  forms  three  bromides,  viz.  bromide  of  diethylammoninm,  dibro- 
mide of  ethylene-tetrethyl-diammoniuro,  and  tetrabromide  of  tri- 
ethylene-octethyl-tetrammonium; 

2[nH*^5*^*]  +       CH*BH     =      rN«j(C»H')M  Br». 
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On  treating  tlua  miztnre  of  IvomidM  with  oxide  of  nher,  and  mbJMtiBff  the 
liberated  bases  to  a  protracted  cnzrent  of  steam,  diethylamine  and  eOgrlene-tebvlhjMiiP 

mine,  NH:Kb^(C!^*)\  which  am  volatile,  pass  off  with  tiie  steam,  wfaOe  a  fixed  alka- 
line base  remains  behind,  consisting  of  hydrate  of  triethyleoe-oeteCh^-tetansaimaomm: 

This  base  forms  well  defined  salts.  The  pUtimum  tail,  almost  iaaohhlA  in  watoi; 
separates  from  a  dilate  and  gratly  warmed  eolation  in  small  errstalline  plates  eon- 
taming  C"H**N«Cl«.2Pta*.  This  salt  treated  with  sa^aietted  hydzagen  ia  eon- 
Terted  into  the  soluble  chloride,  which  yields  with  tridbloride  of  gold  a  oyatal- 
line  ffoldsaU  containing  C*^H^*N^l*.4AaCP.  The  iodide,  (3*■H^*I^  k  obtained  by 
treating  the  free  base  with  hydriodic  add.  It  is  very  soluble  in  water,  bat  may  M 
obtainM  in  white  dystals  by  solution  in  alcohol  and  er^Koation. 

The  octethylated  base  treated  with  iodide  of  ethyl,  yields  the  iodide  of  tri- 
ethylene-nonethyl-tetrammoninm: 

C"H*N*P    -      rN«j(C«H»H    l\ 

which  forms  yerjr  fine  crystals  less  soluble  in  alcohol  than  the  octetl^Iated  iodide. 

When  dibronude  of  ethylene  is  heated  with  eglantine  to  100^  C.,  in  sealed  tubei^ 
a  more  complicated  reaction  takes  place,  giving  rise  to  the  formation  of  six,  and  oeca> 
■ionaUy  of  seven  bromides,  vIl  : 

Bromide  of  Ethylammonium ,        .         r^j     H*l^ 

DibromideofEthylene-diethyl-dianunoniom  ....   I  ^^^(CS^B?)^  I  Bi* 


Dibromide  of  Diethylene-diethyl-diammoninm       •       .       .    t  liPl^CH*/ i  Bi* 


(c*«n- 


TribromideofDiethylene-triethyl-triammoniam     .       .       .    |N*|(G*^)*|   Bi* 
Trihpwnide  of  Triethylene-triethyl-triammonium    .       .       .  |n*](CH*)'|   Bi* 

TetrabromideofPentethylene-tetrethyl-tetrammoaiam   .        .  |n*|(C^)*|  Br* 

Tetrabromide of Hezethylene-tetrethyl-tetrammoniom  .        .     r^^j/o^Ytl  ^ 

The  anunonias  belonging  to  the  first  five  of  these  bromides  (whidi  have  been  already 
considered)  are  volatile,  and,  when  separated  by  oxide  of  sQver,  are  easily  driven  offl^t 
current  of  steam.  There  then  remains  a  powerfully  alkaline  liquid,  consisting  in  moat 
eases  exclusively  of  the  hydrate  of  pentethylene-tetrethyl-tetrammonium: 

The  simple  salts  of  this  tetrammonium  are  extremely  soluble  and  very  dUkoft  ts 
erystallise.  Theyo/<2.«i;<,C"H"NK31«.4AuCl», nndiihfplatinitm-salt,C"W^Ki*.SP^^ 
on  the  contrary,  are  difficultly  soluble,  and  are  obtained  in  an  amorphoaa  farm,  or  as 
very  indistinctly  crystalline  plates. 

The  formation  of  the  pentethylenated  tetrammonium  is  represented  by  the  eqnatioB, 

10[n|<^   +  6CHW    -     [N«|[^^^'Br*  +  6[(N|C^)Br.] 
The  pentethylated  base,  which  still  conUuns  2  at  of  replaceable  hydrogen,  nay  witk 
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9C1M  di Acuity  be  coTiTert«d.  by  tli«  aftion  of  iodide  of  ethyl,  first  into  the  pent- 
«thy1ene-p«ntethylated,  &nd  Lastly  into  the  pentethylene-hexethylated 
tetrammonianu 

Hezethylene'tetrethyl-tetrammoDinm,  irhicb,  u  already  mentioned,  is 
oeeasiiMuUly  prodaeed  by  the  action  of  dibromide  of  ethylene  on  ethylamine,  may  be 
olitaiit«d  in  a  state  of  ptmty  bv  the  action  of  dibromide  of  ethylene  on  ethyleae-di* 
«U)yl-diamin«,  or  oo  diethylene-dietbyl-diamine ;  thus: 

and: 


Z[N.| 


tC»H»)»J 


2C»H«Br« 


[Nil^lSD'-B". 


Jtionatomie  Base*  produced  by  the  action  of  Dibromide  of  Ethylene  on  Ammonia  on<f 

the  Monaminee, 

The  action  of  ammonia  on  the  bromides  of  diatomic  alcohol-radiclps  likewise  gives 
riae  to  the  formation  of  monatomic  ammomom-baaee,  containing  monatomic  radicles  in 
vhich  1  atom  of  hydrogen  is  replaced  by  bromine.  Thus  ammonia  and  dibromidt  of 
Mfft*^f  acting  upon  one  another  in  eqtiaJ  numbers  of  molecolea  may  produce  the  fol- 
Icnnng    compounds    containing    the    monatomic  radicle  bromethylammoninm, 


C«H'Br^ 

+       NH»     - 

2^11*81* 

+     2NH»     - 

3CH*Br» 

+     2NH»     - 

4CH«Br« 

+     4NH«     ^ 

fN(CH'Br)  H'lBr. 
■N(CPH«Br)«HnBr 
>I(C==H*Br>«H   Br 

N(C^H«Br)*     ]Br 


NH*Br. 
2NH*Br. 
3Nn«Br. 


I 


These  monatomic  bromides  differ  from  the  diatomic  bromides  in  this  respect,  that 
enly  half  the  bromine  which  they  contain  is  remoTsble  by  oxide  of  silrer,  wnenMui  in 
the  diatomic  bromides^  both  atoms  of  bromine  may  be  thus  remored.  (See  Aiciioiani* 
Baabs,  I  196.) 

Further,  if  the  reaction  takes  place  in  presence  of  water,,  the  bromine  within  the 
radicle  may  be  remored  in  the  form  of  hydrobromic  acid,  and  its  plaee  rapphed  by  the 
pioleculur  re«idao  of  the  wiitcr,  HO,  producing  monatomic  bromides  containing  the 
tadicleoxethyl,  C'H*(HO)orCHH3;  TiK.[N(^C*H»0)HnBr,&c.(theoieth)!enamui«). 

Lastly,  a  third  class  of  monatomic  bromides  may  be  produced  in  coatiequcnce  of  the 
tetidenCTof  dibromide  of  ethylene  to  split  op  into  hydrobromic  acid  and  bromide  of 
Tinyl,  C^'Br  (p.  569).  In  this  manner  the  bromidea  of  Tinyl-ammoninm, 
[N(C'^H')H']Br,  and  of  di-,  tri-,  and  tetr^.Tinyl-ammonium  may  be  produced. 

These  reactions  are  complicated,  a  very  large  nomber  of  bases  being  producfd  nt 
once,  so  that  the  separation  of  them  iHHromes  a  matter  of  consideimble  difficulty. 
Simpl(>r  resulte  are  obtained  by  acting  on  dibromide  of  ethylene  with  ethylamine,  dj- 
ethylamine  and  triothvlamine,  the  reaction  becoming  leas  complicated  as  the  number 
of  atoms  of  replaceable  hydrogen  in  the  amine  beooroea  leas  ;  it  is  especially  in  the 
mdtxam  of  dibromide  of  ethylene  on  the  ti-rtiary  amines,  that  the  monatomic  bromides 
mn  frodnoad  :  the  results  sugf^eat'^d  by  thK>ry  for  this  case  are  simple,  but  experimt-ut 
htm  ftoAtA  to  prodnce  tonu  of  the  most  interesting  terms  which  are  possible.  But  aU  the 
ponible  compounds  are  obtained  when  a  tertiary  monophosphine  is  substituted  for  the 
Bonunioe;  with  trictAylphoipAine,  tor  instance,  the  following  salts  aregenerat*^. 


[P(C*H*BrXC»H»)«lBr. 
[P(C»H»XC'H»nBr. 

(Sm>  PKO«FHOBU5-BjLSXa.) 

Oxetbylenaanlnea  or  BtUylene-liTilorajiiilnea.  (A.  Wnrtx,  Compt,  rend, 
xJu-  898  ;  liii.  338 ;  R^jp.  Chim,  pure.  18G(J,  p.  C7  and  1861,  p.  41.)— Oiide  of  ethylene 
unites  directly  with  ammonia  in  rarious  proportions,  forming  a  series  of  huart  which 
Wnrtc,  who  discoirered  them»  represents   oy   the    general  formtda  (C'Ji*0)",NH% 

When  oxide  of  ethylene  is  placed  in  contact  with  a  concentrated  aqueous  solution  of 
Mnrnonia.  a  powerful  action  takes  place  in  a  few  minutea ;  on  eTaporating  the  pro- 
dnrt  orer  the  water-bntb,  and  saturating  the  syrupy  residue  with  hydrochloric  acid, 
a  mixtore  of  the  hyflrpchlorjiteM  of  three  oiethyjeriic  bases  i«  obtalu*»d,  viz.  of  mono-, 
di-,  and  tri-ozethylcmiraine,  which  may  be  separated  by  means  of  absolute  alcohol 

Vot.  IL  Q  Q 
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1.  The   hydxocUoE&to  of  trioxethjlamlnc,  ^  yu*     (^^  ^   lasoluble  io 

ab«olute  aleohol,  aod  is  precipitated  on  addiae  that  liquid  to  the  mixtOTR. 

2.  On  adding  tetrachloride  of  platiniuQ  to  the  aicubolic  solution,  tb«  dioztth^lcit* 

amine  is  prodpitnted  in  the  form  of  a  platinum  salt  contAining  2r^    -miiii     [HCI]. 

FtCl'.  If  the  alcoholic  eoWtion  costains  a  little  water,  a*  when  a  atrooff  aqoeoa 
Bolntion  of  chloride  of  platinum  is  need,  thia  salt  is  not  entirely  predpitateO,  but  \h» 
precipitation  may  then  be  completed  by  the  addition  of  ether. 

3.  If  the  ether  be  added  in  snccMsire  mnall  portions,  the  character  of  th«  pitdpitste 
gradually  dianges,  and  in  pkce  of  the  preceding  platinum-salt,  which  rTyrrtnliisw  ia 
splendid  rhomboidal  prismB,  light,  golden-yellow,  nacreous  wales  are  at  length  obtaiMd, 

consiatingof  the  platinum-salt  of  monozethylenamine,  2 P^L-nV  [ HCl]JPt01*. 

The  hydroclilomte  of  monoxethylcnamine,      v«ip[HCI,    separates   0pont«D«<iiBlf 

after  a  long  time  from  tho  alcoholic  mixture  of  the  hydroehlorat^s  of  this  and  the 
dioxethyknic  bas^,  obtained  as  aboTe,  in  small  erystohi,  which  may  be  freed  horn  the 
thick  Tnotbcr-liqnor  by  rapid  washing  with  ab«olate  oloohoL 

The  liydruchlomt«i»  of  these  two  b««es  ore  likewise  formed  by  heating  a  oiixtvre  «f 
hydrozychioride  of  ethylene  (glycolic  chlorhydrin)  and  aqueoos  ammonia  to  100°  C, 
ia  a  stnwg  flask  for  wveral  hours : 

CH»C10   +     NH»  «.  (CH*OJ?H»).HCL 
2C»H»C10   +   2NH»  =  t(C*H«0)'jrH'].HCl  +  IXRKJL 

The  product  of  the  reuctioQ  is  evaporated  to  dryness,  and  the  rcndve  ffigMOed  with 
absolato  tilcohol,  which  diiwolves  the  two  oxethylpnic  hydrocblorates,  and  learosths 
Fal-nmiaoniiic.  HydrocMorate  of  trioxethylenamme  does  not  appear  to  be  ISaoBediB 
this  reaction. 

The  bases  separated  from  the  hydrocWorates  by  the  action  of  oxide  of  sOTer,  sad 
ttaporated  in  vacuo,  are  thick  syrupy  liquids,  having  a  strong  alkaline  zeaction,  and 
rcmuining  in  the  form  of  thick  synips  when  tbeir  solutions  are  eraponttd  is 
vacuo. 

TetrorrtkiflfnamineQT  Tetreikj/Une-hjfdoramine,  (C*H*0)*.NH».— When  trioxetbylen- 
aminc  is  heated  in  a  sealed  tube  with  hTdroxychlonde  of  ethylene,  a  nusi  of 
crystals  in  formed,  consisting  of  the  hydrochforates  of  tri-  and  t«tr-ozet%leBamiDe, 
together  with  a  syrupy  h'quul  containing  the  free  tctrethyleuated  base.  Thekjrdjo- 
chlorate  of  this  buae  is  formed  by  the  direct  anion  of  the  elements  of  the  octbg  cob- 
stances : 

(C^*0)«JfH»  +  C«H*O.Ha  =  [(CH'Oy.NIPl.Ha. 

The  hydrochlnrate  of  trioxethylenamiae  is  formed,  together  with  oxide  of  flfhykae, 
in  the  manner  shown  by  the  equation : 

(CH«0)'JfH«  +   CH'OJCl  -  [(C«H*0)»JfH»]HCl  +   C?H*0; 

end  the  oxide  of  ethylene  thus  B<>t  free  unites  with  another  portion  of  tiioze 
mine,  producing  the  friep  t*>tretliyleijated  base. 

The  rhhroplnfinau  of  this  base,  2[(C='H*0)*,NH'].2HCl.PtGl« ;  crystallises  in 
goldpn-yellow  scales,  easily  solublf!  in  water,  insoluble  in  alcohol  and  ether. 

The  mono-,  di-,  and  tri-etfaylenated  bases,  in  the  free  state,  may  be  referred  I 
tyw  ammonia,  NH',  by  Kuppooiug  them  to  contain  the  monatomic  radicle  orcdkylent, 
&E\EO)  or  C*H*0;  their  formulje  then  become 

Oxethrlenamln*. 


xethjtfl 

isesio^^l 

rredtofll 


Trtosatby] 


Diox«th;l«Daintii«, 

Their  sbUji  may,  of  course,  be  represpnted  as  ammoninm-salts, — a  mode  of  reprewts- 
tion  which  may  cdso  be  extended  to  those  of  the  fourth  base ;  the  hydrochknti^  be 
example,  may  be  formulated  thus  : 


Id     to«H'^>:fN.a 


^:jN.c 


<^*oi'|N.a 


((7H»0)*N.a 


Euttbefoorth  base  {C'H*0)*  NH\  in  the  anhydrous  state  cannot  be  ivnnMBtsdM 
an  ammonia.  Moreover  it  is  found  that  trioxcthylenamine.  (C^H*0)*NH*,  eaatib 
up,  not  only  1  at  C'H*0  to  fbrra  thp  tetrethyleiiated  base,  but  Likewise  2,  S,  4.  iccL,  mol*- 
culw  of  oxide  of  ethylene,  forming  bases  of  greater  and  greater  complexity,  sad  ow- 
tumally  diminishing  in  basic  power,  but,  nererthelesa  all  poeaeaaing  the  saiae  gntni 
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I 


I 


I 


Bromide  of  Triethyl-bromethylammoQimn 


chsnfltara,  baioff  eapftblo  of  turning  reddoned  litrout  blue,  BfttoAtlng  hydro- 
chloric  kdd,  And  forming  hjdrochlorates  whidb  ojiite  vith  diehloride  of  pUtinum. 
Th«  pl&tioam-flalta  thus  obtained  are  very  difficult  to  separate  ono  from  the  other, 
being  DOD-czyEtalline  gummy  mas^ea.  Two  of  thBm  have»,  bowerer,  been  obtained  in 
a  ntffieisntlj  definite  state  for  anAlyais,  and  lure  rield^^  numbers  agreeing  appnjzi- 
mataly  with  the  fonnnliB  2[(C»HH))»NU*1.2HCl.Pt(5j«»nd  2[(C'H«0)'NH'J.2Hai\Cl«. 
Vow,  it  i§  impoeaible  to  r«fer  these  mor<?  complex  bas««,  containing  more  than  fbor 
moleeiiles  of  oxide  of  ethylene,  to  the  ammonium  type ;  hence  it  is  better  to  regard  th« 

vhole  sories  of  baaea  aa  formed  on  tlie  mixed  type,  *mjq  [ »  or    "m  [  »  •  their  generdk. 

form ula  being  ^  mC[  or  ^  W^lti  '  ^^°^  ^^  name  hydoraminea,  proposed 
bj  K<A»1^     (See  foot-note,  toL  i.  p.  197.) 

Thii  mode  of  representation  may  alao  be  extended  to  those  bases  prodaced  by  the 
MtUO  of  dibromide  of  ethylene  <m  triethylumine  and  triethylpbosphine,  which  on  p.  693 
an  qmken  of  as  monatomic,  and  containing  the  radicles  bromelhyi  and  uxethyl,  e.  g. 

(C'H'Br)-  ( „  ^^        (C»H«)"  J  Br* 
(CH*)' i^--"'  "  (C-H»)»iN- 

See  the  article  AioioirnTii-BASBS  (L  19fl) ;  also  KeJeuli'a  Lehrbuch  (p.  558). 

For  ethylena-basea  eontaining  Arsenix;,  see  toL  i  p.  400 ;  for  those  containing  Fhos- 
phonia.  0ee  Pho«phohp9-Bas<b9.  A.  W.  H. 

BTaTliESX-CAKBABSlDmB.  Eihi/Une-uretu.  (Vol hard,  Proc  Roy.  Soe.  xi. 
26h.) — Compoun<.U  produced  by  the  action  of  cyanic  acid  and  the  cyanio  ethers  on  the 
eth/leoe-disiniiiea. 

Ethylene'dicarhamide.  CH'»N*0«  -  N*(db)^C?H*)''H*— This  oompound, 
which  contains  the  elements  of  1  at.  ethylene-diamine  (C^'N'),  anfl  2  at  cnavc  acid 
(CHNO),  is  produc<?d  by  the  action  of  cyanate  of  irilver  on  diehloride  of  ethylene- 
diammom'iun.  It  cryataUisca  in  prisma  soluble  in  wat«r  and  in  alcohol ;  melts  at 
192*  C. ;  dissolves  easily  in  hydrochloric  or  nitric  acid,  and  separates  oot  unaltered 
on  eraporatioa.  Soiled  with  very  strong  potash-solotion,  it  splits  ap  into  ethylene 
diamine,  carbonic  acid,  and  ammonia : 

C'H'«N«0«  +  -iKHO  =.  C'H'N*  +  IWB}  +  2K«C0». 

Ethylene-dicarbamide  is  r  mono-acid  trtmmiite,  forming  with  diehloride  of  platinam 
the  salt  2(CH'«N*<)'.Ha  iPtC!'.  and  with  trichloride  of  gold  the  salt  C*H"N'.Ha. 
AqQ*.  The  platiuum-sdlt  crjBtalliBca  in  orange-red  prisms ;  the  goId>Balt  in  golden- 
jallow  scales. 

Etkyltne-di€thgl-die<krham%dt,  C»H"N*0»  -  N*(d'OWCH*nC'H»)»H«-Of 
this  compound  there  are  two  modification* :  a  obtained  by  the  uction  of  cyanate  of 
•ilrcr  on  chloride  of  ('thyleQe-diothyl-diammonium  ;  jS,  by  the  direct  nnion  of  1  at. 
•thylene-diamine  fC'H'N')  with  2  at.  cyanate  of  ethyl  (C*H*NO).  Both  these  bodiw 
crystallise  in  needles ;  but  a  diissolTcs  very  easily  in  water  and  iu  alcohol ;  melts  with 
partial  decomposition  at  124°  C,  forms  a  platinum-salt  containing  C*H'*N'01HCL 
PtCl^  and  an  unstable  gold-salt ;  whereas  /S,  though  easily  soluble  ia  boiling  water, 
dissolves  with  difficulty  in  cold  water,  and  is  even  less  soluble  in  alcohol :  it  meltii 
without  decomposition  at  201*'  C,  solidi^ing  again  at  186*^,  and  does  not  unite  with 
the  chlorides  of  gold  and  platinum.  Moreover,  a  heated  with  potash  is  resolved  into 
ethyleoe-diethyl-diamine  and  the  prodnct*  of  decomposition  of  cyanic  acid,  viz. 
carbonic  acid  and  ammonia : 

C»H"N'0»  +  4KB0  -  C*H"N'  -f  2NH»  +  2KH:0»; 

vhereas  &  splits  up  into  ethylene-diamine  and  the  derivatives  of  cynnic  ether,  vis, 
earbonic  add  and  ethylamine  : 

C«H»N«0'  +  4KH0  -  C»H*N»  +  2C'HTf  +  2K«C0*. 

The  two  modiflcationa  of  diethylcarbamide  produced,  the  one  bj  treafing  cyanate  of 
ethyl  with  ethylamine  or  with  water  (i.  764).  the  other  hj  the  action  of  cyanic  acid 
on  diethylamine,  exhibit  similar  differences,  the  former  eplitting  up  into  carbonic  add 
and  ethylamine  ;  the  latter  into  carbonic  add,  ammonia,  and  diethylamine. 

BTaYX.KWS.Z>ZCHX.OftX9l}  OT  PZ.ATZVXrM.  C»H'PlCl»  =  (C*H*Pta.).Cl. 
I*-fi<immahlf  or  Dttonaiinff  chlvridt  <>/  platinum,  Ethtfl-chloroplatinv:  acid.  (Zeise. 
[1830]  Fogg.  Ann.  xii.  497  and  542;  xl.  234.— Qriess  and  Martius.  Proc.  Kot. 
Sno.  xt.  SOS'.— Gm.  viii.  388,— Gerh.  ii.  313.)— Obtained  by  distilling  alcohol  with 
tetrachloride  of  platinum.  Aldehyde  is  then  given  off,  together  with  hydrochloric  acid 
and  chloride  of  ethyl,  and  there  rfjmairs  a  dark  brown  liquid,  which  deposits  a  largt 
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qoantity  of  a  black  expIonTe  powder  contmning  ethyleDo-^ichloiide  of  pUtisaa 

together  with  bjdrocbloric  acid  axid  other  subfltancM :  ^ 

2C«H«0  +  PlCl*  =  C*H«PtCl»  +  C»H«0  +  2B.CI  +  HK>. 

Preparation. — 1.  Oae  pt.  of  tetrachloride  of  platinutn,  as  free  as  poasibl« 
dichloridc,  is  disflolved  in  10  pis.  alcohol  of  epeoiflc  gruvitj*  0-828 ;  the  soli  _ 
distillod  till  iho  residue  ia  broaght  down  bo  onfl-iifth  (a  rei7  gentle  hee.t  onlj  bwng 
applied  towards  the  end  of  the  opemtion,  becauao  the  mixture  is  Terr  upt  to  jtimp 
and  splash  over) ;  the  Liqaid  residue  filtered  to  aeparate  it  from  the  black  infiammabla 
platiaum  deposit ;  the  filtmie  (the  crudt  liquid)  cautiously  oraporatcd  to  drynew ; 
the  brown  reeidue,  mixed  with  black  and  yellow  particles,  exfaaunted  with  cold  i 
and  the  yeUowifth  brown  solution  separated  from  the  undiosolTed  brown  g 
enhstance,  and  eruporated, — most  advantageonaly  in  vacuo,  because  in  that  case  I  ^__ 
ia  not  so  much  insoluble  brown  matter  reproduced.  The  yellow  or  yellowish  brown 
Mflidue  is  then  redissolved  in  water,  a  few  brown  particles  again  remaining 
nndisaolTed, and  the  filtrate  eraporated  inracuoorer  solid  potash:  ethyLeno-diohkckle 
of  platinum  then  remains  in  a  state  of  tolerable  purity.     (Zeise.) 

2.  A  cooceutrated  aqueous  solution  of  tetrachloride  uf  platinum  is  added  to  &  oooesB- 
trated  aqueous  solution  of  the  compound  of  ethylcne-dichloride  of  platinum  and  ni- 
ammoniac,  as  long  as  a  precipitate  of  chloroplatinate  of  ammonium  coniinuoc  to  fidl ;  the 
liquid  quickly  filtered,  and  erapDruted  quickly  in  vacuo,  first  over  oil  of  Titriol,  and 
then  OTer  oil  of  vitriol  and  hydrate  of  potash  ;  the  gummy  and  friable  residne  washtd 
with  a  smjill  quantity  of  water  to  remove  any  excess  of  tetrachloride  of  platinum,  orof  tht 
comiKiiindofplhylt'iic'-dieliltiridp  of  platinum  with  BHl-aTximomac,  that  may  bepnscBt; 
then diftjirilredin  a  larger  qoantitj-  of  lake wurm  water,  filtered  from  the  ehloroplatinstc  <l 
ammonium,  and  omporafed  in  vB^no.   This  metliod yields  the  pun»st  prodmrt.  (Zeiie.) 

Properties. — Ethylene-djcbloride  of  platinum  is  a  very  pale  lemon-colonred  Bnl>- 
stance,  which  becomes  brown  and  blH<-k  by  eiposurp  to  light,  but  does  not  absorb 
moisture  firom  the  air.  It  dissolves  slowly  in  wat«r  and  in  tdcohol.  The  solutions 
have  an  add  reaction,  and  are  very  liable  t<i  alteration. 

Dteompontions. — 1 .  The  compound  suhjectod  to  dry  distillation  froths  np  modeimtely. 
gives  o£F  a  large  quantitv  of  hydrocWorie  acid  gns  and  carburet  t^d  hydpogen,  sad 
leaves  a  black  residue,  which,  when  heated  in  the  air.  bums  without  flame  like  char- 
coal, and  leaves  metallir.  platinum. — '2.  K  8«t  on  fire  in  the  air  before  it  has  bm 
ignit<»d,  it  bums  with  flume  naA  leaves  metallic  platinum  having  a  Bilvenr  lnsti»- — 
8.  The  aqueous  eolation  heated  to  the  boiling  point  quickly  becomes  tw4nd,  sni) 
depc«it«  nearly  all  the  platinum  in  the  metnllic  state,  at  the  same  time  giving  off 
hydrochloric  acid  and  h  \».f^i>  quantity  of  combustible  gas,  but  neither  alcohnl  nor  etber. 
the  solution  likewise  becomes  decolorised  and  deposits  a  brown  mucus,  even  at  ot^diosiy 
or  slightly  elevated  temperatures,  especially  if  exposed  to  light  The  aqoeoos  solotiaa  of 
the  pure  compound  obtained  by  the  second  mode  of  praparatioii  may  be  ervpotatel 
in  vacuo  wilhont  decomposition ;  bat  the  solution  of  the  compound  prepared  by  uie  fint 
method  suflfeni  some  degree  of  decomposition  when  thus  evaporated.  If,  howere*.  a  latg* 
quantity  of  hjdmchloric  acid  be  added  to  the  aqneons  solution,  it  is  not  decompotsd 
even  by  boiling.--  4.  It  nitrate  of  silver  be  added  to  the  aqueous  solution  just  so  1 
as  a  precipitate  of  chloride  of  silver  continues  to  form  — and  the  liquid  b« 
tered,  the  filtrate  beromes  turbid  in  a  few  minutes  and  soon  yields  a  Urge  < 
black  pnlvemlent  platinum-deposit,  which  increases  considerably  on  the  apj 
heat ;  after  which  the  filtrate  will  again  throw  down  chloride  of  silver  fW>m  %  i 
of  the  nitrate.  Part  of  the  chlorine  is  therefore  more  intimately  combined  than  ] 
rest  —  5.  The  aqaeous  Bolution  mixed  with  excess  of  potask,  yields,  after  a  j 
days,  a  brown-grey  gummy  deposit,  retaining,  however,  s  conKiderable  quitntitg 
pUtinnm.  which  is  not  precipitated  till  the  liquid  is  heated.  If  the  aqueous  solutioo  1 
immediately  heated  with  excess  of  potash,  it  gives  off  A  «s  aod  a  A\tA^^^^  vbi^ 
smells  like  tallow,  and  depoaita  a  blttck  powd«^  mixed  with  metallie  scales,  whieli, 
when  dried  and  then  strongly  heated,  detonates  with  violence;  it  also  sets  fire  to 
alcohol. — 6.  The  aqueous  solution  acts  with  magnaia  in  the  same  manner  as  withc<^ 
potash,  forming  a  powder,  which  when  freed  from  magnesia  by  dilute  nitric  acid,  and  Wk-Il 
washed  and  dned  in  vacuo,  likewise  explodes  riolently  when  hcnt^jd. — 7-  Ccpp^  and 
mfTcury  throw  down  from  the  aqueous  solution  a  black  precipitate  which  detotato 
when  heated. — 8.  8u/phi/dric  add  aat  passed  through  the  aqueous  solution  etinunatcs 
1  gas,  decolorises  the  liquid  completely,  and  forms  a  yellow  precipitate,  which  sc 
tnniB  black.     The  filtered  liquid  contains  nothing  but  hydrochloric  add.     (Zeise.); 

thmhinaiiona, —  Kthylene-dichloride  of  platinum  unites  with  ammonia,  with  < 
chlorides  of  ammonium,  potassiom,  and  sodium,  and  with  the  chloridea  of  i 
organie  bases. 

EtlyUnt-ammoniO'dicktoride  ofPlatinttm,  NH'.C«H*Pta'«[CH\SlI') 
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Ptri]  CL — Obtained  by  pnvipitating  a  concentxst«d  i^ueoof  •olution  of  ethjrkiu^ 
dichloridf  of  pUtinum.  or  iUf  compound  with  MtaauBonue  or  chloride  of  potMnun^ 
with  a  sliglit  <'xct'«»  of  caustic  amiDooia  or  eari>on«to  of  ammouia.  If  the  eompound 
with  chloride  of  poiaantim  b«  used,  that  salt  i*  found  in  the  filtrate.  With  the  sal* 
ammooiac  compoojid,  potaah  may  be  oaed  for  the  preparatioo  iimteHd  of  ammonia. 
Caustic  ammonia  in  lurnte  excess  exerts  a  decomposing  action  on  the  compound :  hence 
it  if  bpH«r  to  u*e  carbooate  of  ammonia*    ^Zeiae.) 

The  bulky,  and  at  firnt  light- j-cllow  precipitate  blackens  by  exposure  to  air  and  light ; 
ita  colour  is  abo  gradually  changed  by  the  action  of  water  or  alcohoL  When  sub- 
jected to  dry  distillation,  it  pres  off  a  combustible  gas,  hydrochloric  acid  gas,  and 
aal-ammoniac  and  leaves  a  mixture  of  platinum  and  charooaJ.  As  it  bums  in  the  air, 
the  mass  finally  takes  fire  from  end  to  end.  The  compound  dissotTea  in  water  wme- 
what  more  readily  than  gypsum ;  the  solution  treated  with  potash  gives  off  Hmmonia, 
•nd  when  heated  with  an  acid  deposits  mefallic  platinum.  Alcohol  ajim-ara  to  div 
solve  the  compound  more  readily  than  water.  Dilute  hydrochloric  acid  colours  it  s 
darker  yellow,  and  then  dissolves  it,  producing  the  following  compound.     (Zeise.) 

Etkf/lme-diekloride  of  Platinum  with  Sal-ammoniae.  InJlammabU 
Ckiontplaltnate  of  avtmimium.—The  crude  liquid  (p.  696),  which  should  f*ol  be  ren- 
dered turbid  by  a  concentrated  solution  of  chloride  of  potassium,  is  diluted  with  a  four- 
fold  qoAntity  of  water,  and  decanted  from  the  detonating  platinum-de|K>!flt ;  a  quantity 
of  aal-ammoniac,  amounting  to  1 S  per  cent,  of  the  tetrachloride  of  platinum  uited  to  form 
the  crude  liquid  is  then  dissolved  in  it;  the  solution  evaporated  down  to  one-third  ; 
the  brown  crystalline  mass  whirl)  forma  on  cooling,  broken  up  and  dissolved  in  a  small 
qiuuitity  of  warm  water,  after  the  reiy  add  mother-hquid  has  run  off;  the  solution 
•▼■poratcd  at  a  gentle  heat  and  cooled  to  the  crystalUaing  point ;  the  cryutala 
waaiked  with  a  small  quantity  of  water,  then  diemlred  in  a  la^er  quantity ;  and  the 
polvtion  is  left  to  crjstallise  by  evaporation  in  vacua 

Lemon-yellow,  tran«parei)tf  shining,  oblique  rhombic  prisms,  often  half  an  inch  long, 
which  beeoine  covered  with  a  blade  film  on  expo.<»nre  to  air  and  light     (Zrise.) 

The  oystala  contain  618  per  cent  (IJ,  or  perhape  more  correctly  I  at)  water  of 
Cfyatailiaation,  which  they  give  off  at  lOi)"  C.  or  in  vacuo,  without  further  decomposi- 
tion ;  heated  to  rcdnewi  in  the  air,  they  leavr  platinum.  Their  aqueous  solution,  whi-n 
li«atod  alone,  or  mixfd  either  hot  or  cold  with  excess  of  potash,  exhibita  the  same 
decompositions  as  the  solution  of  ethylene-diehloride  of  platinum  heated  alone. 
Sfixed  with  caustic  potanh  and  evapomteij,  it  yields  a  white  precipitate.  The  eiystak 
diaaolTe  in  leae  than  5  pts.  of  cold  water,  more  sparingly  in  alcohol.     (Zoiae.) 

Ethylene-diehloride  of  Platinum  with  Cklorid*  of  Potattium, 
.C^«FtCl*.H.OL  Infiammahle  PlatinopotoMtc  Sa/f.— Obtained  by  dilating  the  crudt 
liquid  in  the  retort  (p.  596)  wi(h  about  four  times  its  bulk  of  water;  decanting  it 
fiom  the  detonating  platlouiii-dep^iiit;  dissolving  in  it  a  Quantity  of  chloride  of  potiu- 
nam  equal  to  \  of  th(?  dichloride  of  pbifinum  u^  for  tie  preparation  of  the  crude 
liiraid ;  and  otherwise  proceeding  a8  in  the  preparation  of  the  aal-ammoniae  compound. 

Xarge  lemon-yelluw,  transparent,  shining,  oblique  rhombic  prisms.  aeP  ;  ooP  a 
103^58';  oP:  oeP  =  112°  5'.  (Korchhammer.)  Reddens  litmus.  Has  a  per- 
sistently astringent  and  metallxc  taate.  DiBsolvea  in  6  pta.  warm  water,  leaa  easily  in 
alcohol. 

The  erystallieed  suit  exposed  to  light  and  air  becomes  covered  with  a  black  crust 
It  containa  4 '72  per  cent  (1  at.)  wat«?r  of  crysta-UisAtion.  which  it  gives  off  completely 
between  100°  and  150^  C.  in  a  current  of  d^  air;  it  likewise  effloreeces  at  oAliaary 
temperatorea  in  Teiy  dry  air,  and  quickly  in  vacuo.  The  dry  salt  blackens  at  about 
200^;  gives  off  without  any  tumefaction  a  mixture  of  2  vols,  hydrochloric  a«.nd  gas  and 
1  ToL  combustible  gas  ;  and  leaves  a  grey  TimBe  containing  chk-roplatinate  of  pn»«»ium 
(Zeiwe).  According  to  Grieas  and  Martins,  the  gas  evolved  consists  of  rthylene, 
the  decomponition  taking  place  ttfl  shown  by  the  equaUoa:  C'H'PlCl'.KtIl  — PtCl'  + 
KCl  +  C»H^ 

CUorint  gas  act*  on  the  diy  salt  only  when  aided  by  heat;  it  then  forms  hydro- 
dtlorie  acid  and  trichloride  of  carbon.  Ckl<frine,  brt>minf,  and  iodint,  added  to  the 
aqnaotia  aolutioo  of  the  salt,  emit  an  odour  of  ether.  The  dry  pulverised  salt  h«itM 
in  a  stream  of  hydrogen  gas,  blackitne  and  exhibits  traces  of  moisture,  but  doea  not 
nndeigo  complete  decomposition  till  it  is  heated  in  the  current  of  gas.  A  stream  of 
bvdiogen  paased  through  the  aqueous  solution  throws  down  metallic  platinum. 
Ijie  ■<^iieoitR  solution  exhibit*,  with  nitratf  of  silwr,  the  same  reaction  as  ethylene- 
dichlonde  of  platinum  alone.  At  90**  C.  it  decompoaes  rapidly,  but  a  certain  quantity 
of  platinum  always  remains  in  solution  In  this  case  also  hydrochloric  acid,  aa  well 
aa  sulphuric  and  nitric  acid,  prevents  tiin  decooipoaition,  even  at  the  boiling  beat ;  aa 
of  chloride  of  potassium  appeara  also  to  exert  a  protecting  action. 
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Ethylenf'dichloridr  of  Plalinnmwilh  Chloride  of  Sodium^ — DiffinU 
to  crrittalliBe ;  disaolvea  nomewhot  slowly  in  alcobo],  forming  a  yellow  aolatioo,  onltM 
aa  acid  is  present. 

Compovtndtof  Ethylene-dxckloride  of  Platinum  v)it\  the  Chlor%dt$  of 
Organic  baae».—A  numbor  of  theee  compounds  baro  been  obtained  by  Gheaeaod 
MartiuB,  but  no  detailed  description  of  them  has  yet  hf*ti  publiiihetl.  Tiieee  com- 
pounds, must  of  which  form  very  fine  crystals,  may  be  armnged  in  two  eeries,  com- 
pnrable  tn  many  rwpects  with  certain  claaees  of  componnds  which  dichlorids  of 
plHlinum  forme  with  organic  bows.  Kegarding  ethyleoe-dichloride  of  ptatinom  aa  the 
chloride  of  a  monatomw  radicle.  CH'PtCl,  a  rery  simple  relation  between  the  eon- 
pounds  of  this  body  and  those  of  dichloride  of  platinum  becomee  perceptible ;  thas~ 

Compounds  of  Dichloride  of  Cotopounda  of_Ethylene-dichloride  of 


Platinum, 


Platinum. 


Pt('l» 
2H*NCl.PtCI' 

2*^'^||Naj»ta» 

^^''^XfN»Cl».PtCl* 


Firat  Seria. 


.     (CH'PtCD'.Cl* 
2H*NCl.(C*H'Pia)».Cl« 

2^'°|  j  NCLlCH^PiCD^CP 
^^^^|N'CI«.[(C«H«Pta)»Cl« 


Pi- 

Pt" 
(C'H*)« 
H' 
Pt" 

Pt" ) 

Wben  the  aqneouB  solution  of  the  last  compound 


NK7P 


N»a» 


N«C1« 


(C»H*PtCl)i' 

H* 

(C'-H'PtCI)', 

(c»H«pta)» 

R*  I  N»C1» 
(CH'PtClj'J 

in  the  first  of  the  abore  t^vies, 


N*Cl« 


N»a« 


N'Cl* 


Ti«.(C*HT  I  N»Cl».[(CH'PLa)>Cl',  is  boiled,  a  considerable  quantity  of  |^  is  evolrwl ; 

and  beautiful  yellow  sparingly  soluble  needles  are  deposited,  containing 
The  rpAction  is  represented  by  the  equation, 
^^'^Ui  [  N»Cl*.(C»H*PtCl)»Cl* 


Hniwi'  + 


2CH*  +  2HC1  ♦  Pta«. 

PfJ 

i:THTi*SM'E-HTl>OXUI.licrVBB.     See  Ethtt.sns-Basbs  (p.  694). 
STBTX.Eir&-PBS]ffVi^MT2ffBS.    See  pBxmrLAXim. 
■TBTKSWB-PaOSPBfNES,     See  PHOflraoBTTS-BASM, 
BTBTXiSn'S^SUCCIinc  AOm.     See  Ethtlsme,  Svccdcati  or  (p.  688). 
aSTBTXtlilf  B-SITIiPBnmxc  AO]3>.     See  Ethtianb,  Stru>HATB  or  (p.  SSi). 
JBTJl  V  A«Eirs*S'DXPBUBOI78  ACIDS.  See  Sulfhuboub  EncBBa. 
BTHTXBHE-TET&AlCXirBft  and  TBZAMXtrBB.     See  Etbtlbcb-Baoi. 
WLAMa    See  ETHTi.sxB-CuiBAiaDSS  (p,  595). 

C'H*. — A  radicle  not  known  in  the  separate  state,  bat np> 
posod  to  exiot  in  eert&Iu  compounds  dexired  &oni  aldehyde  and  isomeric  witk  the  w- 
responding  compounds  of  ethylene ;  «.y. : 


Eih;  llden«-compoutMLi. 
Aldehyde       .... 
Chloride  of  Ethylidene  . 
Cortiponnd  of  AJdehydtf 

and  Acetic  Anhydride  ( 
Compound  of  AJdehydej 

and  Chloride  of  Acetyl  J 
Aeetal 


C»H*0 
C»H*C1' 

C»H*O.C'H*0« 


Cm*O.C''HK)Cl 
C*H'*0» 


Itooorlc  witb 

Oxide  of  Ethylene  . 
Chloride  of  Ethylene 

Diacetate  of  Ethylene 

Acetoxyehloride  > 

of  Ethylene     \    * 
Diethylate  of  Ethylene. 


OBSJP 
C«H«.(CH»0^ 

CH'. 


ETIIYLIDENE. 
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TbaMfewt)  iMiriefl  of  componnds  arc  intimatol^  reUted  to  each  other,  and  ehlorida  of 
mwft^  CH^Cl  trfaicb  may  be  produced  from  Pitlier  of  them,  may  be  regarded  ae  the 
link  between  the  two. 

Sromtde  of  SUtylldea«.  C'H*Br>.  (Warts  and  FrapoUi,  Ann.  Ch.  Pharm. 
eriil  226.) — ThU  compound  \»  obtained  by  paasuiff  Tapour  of  aldehyde  over  p«iitu- 
bromide  of  phoephorua  in  a  vessel  extern  ally  cooled.  The  product*  are  bromide  of 
•tk;rtid«Be  and  oxybromide  of  phoephorus  ('CHH)  +  PBr*  -  CH'Br»  i-  PBr»0), 
which  eannot  be  separated  by  fractional  distiUation,  becaaae  the  bromide  of  ethylidene 
b  dooompoiied  by  hcsat.  The  oxybromide  of  phoephorug  may,  howerer,  be  removed  by 
agitating  the  mlxtare  with  laatpe  of  ice,  replacing  them  aa  they  melt.  A  dense  yellow 
lipoid  is  thus  obtained,  which  is  insoluble  in  water  and  is  readily  decomposed  by  w»t?r, 
with  «voIiitioa  of  hydrobromie  acid :  hence  it  ia  impoMibU  to  obtain  the  oompoond  in 
•  state  of  safficient  purity  for  analyBia. 

Bitnnide  of  ethylidene  treatod  with  ethylate  of  sodium  yields  aeetal: 


I 


I 


(?H«Bi*    +    2C»H»NaO«    .    2NaBr    + 


AceUl. 


Chloride  Of  Btbylldeae.  C'H'O'.  (Geuther,  Ann.  Ch.  Pharm.  cv.  32L— 
Wurfz  and  Frj  polli,  CompL  rend.  xlviL  418  ;  Ann.  Ch.  Pharm.  eviii.  223.)— Pro- 
duced by  the  action  of  pentachloride  of  pbospljoraa  upon  aldehyde: 

C^H'O  +  PCI»  «=  C'H«C1*  -^  POCl*. 

Glycol  treated  with  pentachloride  of  phosphorus  yields  the  isomeric  compound, 
chloride  of  ethylene. 

The  vessel  containing  the  chloride  of  phospbnrua  most  be  kept  cool,  while  the  alde- 
hyde is  added  by  small  portions  ;  afterwards  the  mixture  is  wanncKl,  whereupon  the 
whole  dissolves  to  a  homogeneous  liquid,  which  gradually  blackens  when  distilled  and 
gives  off  below  lOD^  C.  a  liquid,  from  which  water  separates  an  oilv  body,  and  above 
100^  ozyehloride  of  phoephonu.  The  oily  liquid,  dried  by  chioriae  of  calciom  and 
rectified,  yields  clilonde  of  ethylidene. 

Chloride  of  ethylidene  is  a  transparent,  colourless,  oDy  liquid,  resembling  chloroform 
in  taste  and  odour.  Rpeciflc  gravity  1189  at  4-3°  C.  (Geuther).  Boils  at  68<> 
(Wnrts  and  Frapolli),  at  60«>  (Geuther). 

It  is  isomeric  wjth  chloride  of  ethyletif«.  but  differs  from  it  in  specific  gravity  and  in 
hoiling  point,  the  specific  p;riivity  of  chloride  of  ethylene  being  l'2/>6  at  12*  C.  accord- 
ii;^  to  Regnault,  and  the  boiling  point  86^  according  to  Dumas.  The  two  bodies  differ 
■Im  in  their  behaviour  with  aloohoUc  potaab,  ehloritle  of  i-'fhylene  bring  eaaily  decom- 
pOMid  thereby  into  chloride  of  potassium  and  the  compound  C'H*Cl ;  whereas  chloride 
of  ethylidene  it  not  at  all  affected  by  alooholic  potash  in  the  cold,  and  with  diffiinilty 
even  when  heated.  It  appears  also  to  bo  identical  with  monochlorinsted  cidoride  of 
ethyl,  CH'Cl.Cl  (p.  631),  that  eompound  having  &  specific  gruvi^  of  1174  at  17''  C 
and  boiling  at  64°.     (Beil stein.  Bull.  Soc,  Chim.  de  Paris,  i.  60.) 

Chloride  of  ethylidene,  treated  with  ethylate  of  aodinm,  does  not  act  like  the  bromide 
and  produce  acetal,  but  yieUlB  a  gas  identical  in  composition  and  properties  with 
chloride  of  vinyl  (C'H'Cl). 

ozyehloride  of  EtHyUdAae.    C«H»C1»0  -  (C'k*)»j  q*     (A.  Li«b«ii,  Compt 

rend.  xlvi.  682  ;  Ann.  Ck  Pharm.  cvi.  336.) — This  compound,  which  is  isomeric  with 
monochlorethjrlic  ether  (p.  540).  and  mny  be  regnrded  as  a  double  molecule  of  aldehyde, 
in  which  I  &i.  O  is  replaced  by  2  at.  CI,  is  produced  by  the  action  of  hjdrochlorio 
acid  on  aldehyde ; 

2C»H*0    +    2HC1    »    C«H»CI«0    +    H'O. 

When  aldehyde  cooled  by  a  frwzing  mixture  is  saturated  with  dry  hydrochlorie  acid 
gas,  the  Uquid  inrira^cs  in  volume  and  separatt-a  into  two  colonrlefis  layers,  which 
must  be  immeditttelj  sepaxated,  aa  they  act  upon  each  other.  The  lower  layer  is 
aqueous  hydrochloric  acid ;  the  upper  la  ox.ycUoride  of  ethylidene,  which  may  bo 
purified  by  repeated  distillation  over  chloride  of  calcium. 

Transparent,  colourless  liquid,  smellirg  of  aldehyde  and  hydrochloric  aeid.  Specific 
gravity  11376  at  12°  C.  Boiling  point  Hff'— 117°.  ¥apo«r^ensity  6-08  (taken  at 
178°);  calr.  (2  vol.)  -  40fi. 

(hiychloride  of  ethylidene  is  not  decomposed  by  water  in  the  cold,  but  on  heating 
it  is  converted  thereby  into  hydrochlorie  acid  and  aldehyde.  Pentachloride  of  phoa- 
pboraa  does  not  act  upon  it  at  ordinary  temperatures,  but  when  heated  with  it  in  a 
Msled  tnbe  to  100°'  C.  for  several  hours,  it  dissolves  completely :  the  organic  product 
eaanot,  however,  be  separated  from  the  oxychloride  of  phosphorus  form^  at  the  sam* 
time.     (Wurta  and  Fmpolli.) 
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(rtttiUier  and  Cartinell,  by  treating  nldehyde  with  hydrochloric  iteid,  hftve  ob* 
tHitl«^d,  besid<?«  the  oj^tdiloride  just  described,  another  which  hjis  the  compositioa 
C*H'*CrO»  and  may  be  regarded  as  s  triple  molecule  of  aldehyde,  C«H"0»,  in  which 
1  ot.  0  ia  replaced  by  2  at.  CL     (Proc.  Roy.  Sot  x.  110.) 

Cbioretlaylate  of  BtbjUdcne.  C*H^O  =  C'H'.CH'O.CL  (Wu rt »  and  Fra- 
poUi,  Ann-  Ch.  Pharm.  cviii.  226.)— Pnxlnred  by  passing  hydrochloric  acid  to  ustq- 
ration  into  a  mixture  of  1  voL  aldehvdc  and  2  rol.  abeolute  alcohol,  fforrounded  with  a 
ireenng  miztnre.  Two  layers  of  liquid  arc  then  formed,  the  lower  conairtng  of 
aqueous  hydrochloric  acid  and  the  npper  ethereal  layer  of  chlorethylato  of  etbjlidn*: 

C»H*0    +    CH'O    +    HCl   -    C«H»C10    +    H«0. 

Thifl  componnd.  treated  with  ethylate  of  sodimn,  yields  chloride  of  aodinm  and 
acetal: 

C^H'CIO    -(-    CH«NaO    =    NaCT    +    CH'*0* 

Mmrs^^onttLAMxnm.   See  FoBicAxn>B. 

Wrwm^rOKmYJt,    Lowig'a  name  for  Pboptlbj™  or  TsnrtBif*.     (CFH*  • 

cmKvn.) 

XTVXl^'MKmifZmXC  AGZS,     See  HsKn'nnc  £tbus. 
BTBTXZA.     Byn.  with  'EraTLUtrntL 

BTS'SXzaSfl  or  ZTB^kSS.     Componnda  of  ethyl  with  elementary  bodies  or 

with  other  alcohol-radicles. 

STBV^>&ACTTC  ACID.     See  Lactic  Ethbbs. 
STBTXr-KAXZC  ACJ3I.     See  Malic  Etbsbs. 
ZTBTX'MSCOVII?  ACXX».     See  Msconio  EthsoA. 
X2THn.*]ICBXtl*ZC  ACZ9*     See  Uuxtc  Ethkis. 

ETKTX-MSSCAPTAJr.     Syn.  with  EraTt,  SrtPBTDHATS  or  (p.  547). 
i:TBTXi-MBTKT].Al«tXir8S.     See  MxTHTiJlMiWBa. 
BTBTX-X«ETBTX.>COXrzinirM.     See  Cokwb  (p.  6). 
ETBn»]«EBTBTl.XC  ETaSB,     See  Ethtcl,  Oxid«  or  (p.  642^ 
STH-rX-MOBPBXirB.     See  Morpkikb. 
BTHTZi-imrGZC  ACn>.     See  Mucic  Ethsks. 
ETHTXi-llf ZC  O  TZITE.     See  Niconxii. 

STHTZp'irZTBAB'Z£Z>rB.     See  NiTRAKELnng  under  Pai!]nn.A]tnrB. 
BTKVI'-NITIZ.OPSBV'CDnfB.     See  Phbnic  Enisns. 
BTSTX-OCTTXiZC  BTBBB.     See  Ethtl,  Oxtob  or  (p.  642). 
BTBn«OXAX,zc  ACID.    See  OxAuo  Ethbhs. 
BTBT1.-OSLACBTZC  ACZS.     See  OxACBTic  Ethbb. 

BTBTK^OXAimC  ACZS   and   BTBT&-OXAXKXI>B.     See    OXAMX  EtxU 
and  OxAMCDs- 

BTBT£-»ABATABTABZC  ACZZ>.     See  Paratabt ASIC  AoiX). 
BTBTZ>*PBBWYZ.AMI»Xg.     See  Phkxtlakdvb. 
BTBTX-VBOSPBZJTBS.     See  PnospHORrfs-BASRS. 

STBT^-PBOSPaOBZC  and  -VBOaPBOBOVS   ACZIM.     See  PnosnUMM 
and  Phosi'Hohot  s  Ethers. 

BTBTI.-PICOI.I3rB.      See  PtCOLniB. 

BTHTZr-PZPEBZSZMB.    See  PlFBuncfB. 

ZTB'KZ.-pTBKrTABBZG  ACZD«    See  PrxBiTAinnc  AciD. 

BTM 1 1(-PTBZI>ZBB.     See  Pr&mnrB. 

ZTHTZ.-qUZ«^XN£.     S<'e  Qri^nNB. 

BTHTX.-SBX.Bi^H'irBBZC  ACZP.    See  Etbti,  Sblenhtdkate  or  (p.  &43> 

BTHTZi-aZBASCZN-B.     See  SovAKiifB. 

BTBTZi-&TZBlB'£B.     See  ANmtoirr-RASici.B8,  Oaoaxic  (L  SilV 

BTBTZr>STBTCBBZ]rB.     See  StbtCHXWB. 

BTBTK>-Sin:.PBTI>BZC  ACTZO.     See  Ethtl,  Suuphtdbate  of  ^i.  '^47), 
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wrrmrj^^vj^wmacAMMomo  and  "Bm^normoaruamxo  aoxbs. 

S*.'  ^tLPMOCAKBONIc  and  SULPHOPHOSPHOIIIC  ErHMBS. 

XTU I  MfMU^WTTttMC  and  -Strx^BVltOVS  ACZ98.  See  SoLPHVBio  and 
ScLPBoaoc*  Ethbka. 

Brnm-TAJnrA8VXDIO  AOXD,     See  Turmc  AciDS. 

irra  l  JU-T AmXAKaC  ACXB.     See  TABTiLBic  ETHSB& 

BTHTXi^TBXOSZWAJKXn.     Se€  Thiosihaxinh. 

JSTM  TIi-TO^VUmra.     S<>e  ToLrtDtKB. 

BTHT^-TKXTSZOmO  ACX9.     See  MsTBtl^llITMlOinQ  ACID. 

See  CixiujnBB  (i.  754), 

See  Cabbamic  Acid  (t  761  ]L 

WUCAJJUXm.      SjIL  with  ECXAIBTTB. 

BUCAKTV.    CH^'O*. — A  saocharine  mil^tance,  produced  in  the  temeotatioa  of 

melitckse  (the  sugar  of  the  eocalyptua),  under  the  infliieQ<»i  of  jeaat: 

C"H"0".HK>  -  2C0'  +   2Cm*0  +   C<H«»0«. 

MetltoM.  Alcohol.  Eucaljn. 

It  ii  iyrapy,  dextro-rotatory  ([a]  ■•  +  60*'  nPArly),  non-fermentable,  and  doea  not 
■cqaire  that  propertj^  by  the  actioa  of  Butphnric  arid.  It.  becometi  coloured  at  1 00''  C, 
aod  at  200^  tf  ooitTOited  into  a  black  iii£M>}uble  substance.  Strong  Bulphuric  acid  and 
fuming  bydrochloRC  acid  deatroy  it  at.  100*^.  Bajryt.a  coloun  it  strongly  at  the  aanie 
tnnperatare.  It  reduces  tartrate  of  copper  and  potaosiuiD.  These  propartiea  at«  very 
nmuar  to  thoea  of  fiorbin. 

WCAXTPnrB.  A  genu«  of  Australian  plants,  one  species  of  which  yields,  t-iy 
distillutioQ  with  water,  a  volatile  oil  resembling  caieput  oiL  Several  speciea  of  euc«>- 
lyptus  yield  the  ao-called  Anstaralian  manna,  a  white,  loose,  granular  mass,  in  which 
Johnston  found  a  cTjstidHsaWe  gugst  (melitose),  containing  in  the  air-dried  state, 
according  to  hia  analyRis,  C"H*'0'*.H*0,  and  identical  with  ^pe-ao^  {Mem.  Chem. 
Soc.  i.  159).  Bertholot  (Ccmpt,  rend.  xU.  392)  also  finds  it  to  be  identical  is  oom- 
poeitioD  with  grape-sugar,  and  very  similar  in  its  reactions  :  be  regards  it  as  a  com- 
pound of  gnpe-eugar  with  the  isomeric  substance  euealyo.     (Sse  luunMa.) 

XUCAMJTVlVa,     See  EtKAMPTiTR. 

S7CBEMA.  fiP'nrosuntt  the  so-called  Agar-agar  (i.  61)  eon  tains,  areord- 
ing  to  O  udemuijiis  (Arob.  Pharm.  [2]  IxixTii.  283),  nothing  but  the  ordinary 
ooustitnents  of  plantfl. 

■VOK&O&SVS*  A  gaseous  mixture  of  chorine  and  oxide  of  chlorine,  obtained 
by  the  action  of  hydrochloric  add  on  chlorate  of  potasaiunu  (See  Cslobinv,  Oxygkx- 
ooMPOtTKns  or,  i.  912.) 

■VCBXOZO  ACXB.  C"H^H>*.  (Wohler  [18411  Pogg.  Ann.  Hi.  610.— 
E,  Schwarz,  Ann.  Ch.  Phona.  Ixvi.  49).— Regarded  by  Laurent  and  Oerhjitdt  as 
mellamic  acid,C*HWO'-  KH«(CTO')"Jq 

The  ammonium-salt  of  tliis  acid  is  obtained,  together  with  paramide,  b^r  beating 
pulTerisetl  mfllote  of  ammonium  to  150" — 160*  for  sereral  hour«,  stirring  it  all  the 
while,  and  ccnitinuiiiR  the  beating  as  long  as  any  odour  of  ammonia  is  given  off.  A 
pnJe  yt-llow  powder  then  remains,  consistuig  of  a  mixture  of  paramide  and  euchronte  of 
ammoniom,  the  latter  of  which  may  be  was  bed  out  by  water,  and  obtained  in  erystolline 
emstfl  by  evaporating  the  filtered  solution.  On  dissolving  this  salt  in  a  very  small 
quantity  of  boiling  water,  adding  hydrochloric  or  nitric  acid  to  the  hot  solution, 
and  leaving  it  to  cooU  euchroic  acid  separates  in  the  form  of  a  white  dyatailine  powder, 
which  may  be  puriied  by  recrystallisation. 

Euchroic  acid  crystallises  in  very  smaD  rhomboidal  prisms,  osuall^  grouped  in  pairs; 
it  is  sparingly  soluble  in  cold  water,  and  hns  a  strong  acid  reaction.  At  200*  C.  it 
gives  off  1054  per  cent.,  or  2  at,  water  (Wo  hler).  Thodried  iicid  is  found  by  analysia 
to  cootaio : 

Drie*atVXPC.  Wohler.  Srbwan  (hmmij. 
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The  analyticai  numbers  fignc  tokrablj?  well  with  the  formula  C"H*N»0»  propOMd 
by  Wi>kler,  according  to  which  euchfoic  acid  m  formed  from  acid  mellAte  of  Mnmnnitiin 
hy  the  ahetraction  of  4  at.  water : 

C"H*(NH*)'0"  -  4H'0  =  C'»H«N»OV 

The  relationa  of  eucbroic  acid  to  the  other  amidra  of  mellitie  add  are  ••  followi : 
MeUitamide  C"H"N*0'by  giving  up  ammonia  is  converted  into  patamtde  C**H'Si*0" 
this  compound  diBsolred    in  aDimonia  and  treated  with   bjdrochloric  acid    yid 
paramic  acid  C"H*N*0*;  and  the  lalti'r,  by  addition  of  water  and  pliminatioQ 
ammonia,  is  converted  into  t«uchroic  acid. 

The  acid  remains  unidtcred  at  280°  C,  bat  at  a  higher  temperature  melts,  boiU, 

d«»nipa«et!,  yielding  hydrocyanate  of  ammonia,  ana  a  dark  green,  bitter  §ublim&!«. 
(Wohler.)— Ztwc,  protoride  of  iron,  or  the  ehetrie  ntrrmt,  throws  d<nni  from  an 
aqoeons  solution  of  euchroic  acid  a  dark  blue  substance,  called  euehroD  e.  of  unknown 
eompoeition,  insoluble  in  water,  but  dissolving  with  purple  colour  in  alkalia,  and 
quietly  oiidieing  again  in  the  air  to  euchroic  acid  (Wohler). — ^The  deep  blae, 
doeely  adherinfr  dppoHit  with  which  trine  becomes  oorered  in  the  aqaeons  add,  de- 
taches itself  on  iuimersion  for  a  short  timp  in  very  dilute  hydroehlozio  acid,  and  msy 
then  be  collected  on  a  filter,  washed,  and  dried.  The  black  maw  thus  obtained,  which 
in  free  from  rinc,  is  instantly  oxidised,  by  the  elighteat  heating,  to  euchroic  acid  ;  il 
dissolves  in  aqueous  ammonia  or  potash,  with  a  more  splendid  colour  than  that  of  per- 
munganate  of  potaasjum;  but  the  solution  becomes  decolorised  from  above  down wsndK. 
on  exposure  to  the  air,  and  very  quickly  if  agitated.  In  the  boilinf  add,  line  oequim 
a  fiimilur  coating,  but  a  trace  of  gas  is  evolved  at  the  same  time,  ana  the  liquid  deposiM 
,  a  white  powder,  probably  mellate  of  einc  A  mixture  of  aqueous  euchroic  add  sad 
protochlnride  of  tron  forma,  with  alkalis,  a  thick,  deep  violet-oolourpd  pf«d{ntsb% 
which  immediately  becomes  rust-brown  on  expoanre  to  the  air,  and  disaolvce  withoit 
colour  in  hydrochloric  add,  becaoae  the  resulting  sesquioxide  of  iron  is  reduced  to 
ptaite  of  protoride  by  the  euclmme,  which  is  thereby  reconverted  into  euchroic  ■ 
These  phenomena  are  not  prodaced  by  stannous  or  maagaoous  chloride.  Platinum  ia 
galvanic  combination  with  zinc,  does  not  act  upon  the  aqueous  add,  but  dpcompoees  it4 
aroraonia-solt  (Wohler),  The  aqueous  add  is  likewise  decomposed  by  the  electric 
current,  aod  covers  the  negative  platinum  with  a  deep  blue  deposit,  which,  however, 
soon  ceases  to  increase.  Euchrone  is  not  produced  by  the  action  of  sulphuretted 
hydrogen,  saJphuroas  acid,  hypo0ulph)t<-«.  or  arwaites  (Schwarx).  Euchroic  add 
mixed  with  a  quantity  of  wnttr  not  tsuiiicient  to  dissolro  it  in  its  unaltered  8tsl«,  and 
heated  to  200"^  C.  in  a  sealed  glass  tube,  dissolves  completdj  in  the  form  of  add 
mellate  of  ammonium  (Wohler). 

C"H«N»0«   +    4H»0   =  C'»H*(NH«)'0'». 

Euchroic  add  dissolved  in  water  does  not  decompose  when  boiled  in  contact  with  the 
air.    Hydrochloric  acid  and  nitric  acid  exfrt  no  decomposing  action  upon  it.  ( W 6  b  I  e t.) 

Euchroic  add  is  dibasic,  its  neutral  ealta  having  the  composition  C'*(H'M*)N*Cr. 

Euchroate*  of  Ammonium.— Tht  neutral  salt,  C"H*(2ra*)'N*0«,  obtaiaed  by 
evaporating  the  wash- water  of  pafamide,  as  above  described,  forms  white,  scarrfly 
crjstallinB  crusts,  which  are  decomposed  by  hydrochloric  or  nitric,  but  not  by  acetic 
acid.     (Wohler.) 

An  add  salt  is  sotnetimea  precipitsted  from  the  agueoos  solution  of  the  nentnJ  salt 
instead  of  the  pure  acid,  and  separates  from  solutioa  in  hot  water,  in  yellowish  crysLils 
larger  than  those  of  the  pure  acid.     (Wohler.) 

Euchroate  of  Barium.  C'»H-Ba"K»0»  +  H»0,  ia  predpitated  in  the  format  k 
pole  yellow  powder,  when  baryta-water  is  diopt  into  an  exceaa  of  wanu  »)ue«iis 
euchroic  acid.     (Schwarz.) 

An  aeid  hariumsalt  is  obtained,  aa  a  pale  3^ow  pulverulent  precipitate,  oa  slinrly 
adding  baryta-water  to  a  warm  solution  of  eudiroic  acid  in  escesa.    (Sehwara) 

Euchroate  of  Lead.  C"H'Pb"N'0«  +  HM).— The  boiling  aqueous  solutioa  of 
euchroic  add,  mixed  with  a  dilute  solution  of  neutral  acptate  of  lead,  yields,  on  cooiis^ 
a  yellow  powder,  which  appears  crystalline  under  (Jie  microscope.  (The  filtrate  8epa» 
rated  from  this  precipitate  deposit*  mellate  of  lead  9&  a  white  powder  when  boiM.) 
The  air-dried  salt  gives  off  11-36  per  cent.  (3  at)  water  at  160°  C,  bat  notliiag  anrs 
at  a  stronger  heat  till  it  begins  to  decompose.     (Wohler.) 

Euchroate  of  Silver,  C'*H'Ag»N*0»,  is  a  sulphur-yellow  powder,  obtained 
mixing  a  boiling  aqueous  solutioa  of  the  acid  with  a  dilute  solution  of  nitrate  of  silrera 
when  treated  with  ammonia  it  becomes  so  gelatinous  that  it  passes  through  the  f 

atrCB%OXTfi<    A  native  arsenate  of  copper  found  at  libetlien  in  Hnngiiy. 
UBOotaina  33*02  per  cent  arsenic  anhydride,   47*65   cupric  oxide,  and  18*ft  watt' 
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(Tarner.  Ed.  Phil.  J.  iv.  801),  whenwi  Uie  formuU  «OuO.A«K>*  +  7HK).  or 
CuO.Ca*AB-0*  +  711*0.  Tho  cr7BtiUB  b«loog  to  Lb«  trinMtric  syntpin.  Hardoeca  « 
3-0  t4>  4.  Sf>ecifl<?  gravity  3-3o  lu  Hiii,  Uoiour  emerald-green.  Strcuk  light  apple< 
giv«<n.     Lu-tr«  ritreous.     More  or  1«m  tmwpAlVQt.     (Hiindw.  d.  Cbem.  ii.  [8j  943.) 

SVCBKO  VS>  A  product  of  the  deoompositioQ  of  eachruic  add  b/  sine  and  cer- 
tain otbn  reducing  agenta  (p.  603X 

avUH  I  BUyKBZTB.    A  variety  of  aaghe. 

StrcXtAsa.  Prumatie  emerald. — A  Bilie»t«  of  alnmuuiiin  and  glacinun,  alHed  to 
brrj-1 ;  found  in  Pcro,  BibjoI,  in  tho  Urals,  but  rare.  CiyatalliiM  in  mooodiuie 
prifliuti,  often  modified  by  numeroas  faces.  ooP  :  odP  —  115°  0';  ooPoo  :  ooP  — 
lO?**  37'  30".  Batio  of  pnndpal  axi«,  diitodiagonal  and  orthodiagonal  —  1  :  0-971S  : 
3-0008.  ClcaTiige  reiy  distinct,  parallel  to  ooPoo;  much  less  distinct  paralld  to  oP 
and  [ oDpso ].  Hardoeas  »=  76.  Specific  gravity  =  80  to  31.  Colour  light  yol- 
]oirtsIi'>greeQ  to  yelloir,  bloiah-green  to  blue,  also  whit«.  Lustre  vitreous.  Trun- 
sparpot  to  translucent.  Fracture  conchoidaL  Very  brittle.  When  strongly  hMU«d 
before  the  btovpip«,  it  swells  up  and  mdts  in  thin  splinters  to  a  white  eoameL  Net 
attacked  by  borax  or  pbosphonu-salt     Insoluble  in  acida. 

Endaae  was  formerly  regarded  aa  an  anhydrous  silicate;  bat  Da  mo  or  (Compt, 
^Bnd.  XV.  042)  has  shown  that  it  contains  water,  his  analysis  giving : 


8iO« 
41-63 


APO» 
34-07 


010 
16-97 


CaO 
0-U 


FeO 
103 


SnO 
084 


H'O 
604 


F 
038 


100-60 


whanee  the  fonnala  3010.810*  -t-  Al'O'.SiO*  + 


roi 


^.'J'Si'O'  +  arH»0». 


aq.  or   ( 

(JahrMber.  t  Chem.  1862,  p.  866;  1863,  p.  800;  1866,  p.  941.  —Dana,  u.  267.— 
Kammelsberg,  p.  671.) 

MaciaAMXT^    A  name  formerly  applied  to  a  green  apatite  fktm  Lake  BaikuL 

WSSAZiTTB.  A  mineral  from  Kandgardlnasnk  in  OreenlaDd,  ctystallised  in 
hemibedral  rorms  of  \he  hexagonal  system,  the  orimaiy  form  being  an  acute  rhomb(^- 
hedron  of  73°  40',  with  the  facee  oR,  »K2,  and  other  forma  wib<wdinate,  Cleavago 
vfiy  distinct  parallel  to  oR ;  leas  distinct  parallel  to  B.  Ocean  also  ciystallo-granaltf  , 
maasire,  and  imbedded.  Hardoeas  -  6-0  to  6-6.  Spedfic  gravity  -  29.  Colour 
bloiah  to  brownish-red;  streak  uncolooied.  Lnatre  vitreoua.  Opaque  to  iliphtly 
translaceDt.  Before  the  hlow^iipe  it  melts  easily  to  a  greyish-green  enamd ;  dimulriw 
with  moderate  fikcQity  in  borax,  yielding  a  glaas  slighSy  coloiu«d  by  iron ;  easUv  de- 
composed by  phosphorus-salt,  with  separation  of  a  tumefied  skaleton  of  ailiea.  £uily 
decomposed  by  hydrochloric  add,  with  formation  of  a  jcUy. 

Eadialjrte  is  esseDtially  a  sirco^Bilimte  of  sodium  and  caldam,  that  is  to  say,  a  sili- 
cate in  which  the  silicon  is  partly  replaced  by  rireonium ;  bat  it  likewise  contains 
tantalic,  or  mther  perbaps  niobic  acid,  and  several  other  constitueota. 

Anal\fit». — a.  by  Bammelsberg  (Pogg.  Ann.  Ixiii  142),  h.  by  Damour  (Compt. 
read.  xJiii,  1197) : 

CI    LoM»»r 

Jgnitinn 

119      0  37-100'62 
1-48      1  26-  99-37 

These  analyses  lead  to  the  formula  M*0.2(Si0* ;  Zr0»).  or  ltf»(8i ;  Zr)0»  (Si ;  Xryy*, 
analogoas  to  that  of  a  metasilicate  with  excess  of  silics.  The  basic  metal  M  is  made 
up  of  sodium,  caldum,  and  ferroeom.     (pana,  il.  181. — Bammelsberg.  p.  893.) 

L        Closely  allied  to  eudialyt^  U  &ot  identical  with  it^  is  euMyte,  from  Brwig  in  Morwav 

I    (p.  806). 

I        mWDZOXMTVMt  and  mJTDtOtlEKTWT.    See  A»Ai.Yau,  YoLiTiorTBic  or  Oasis 
1    (i.  268). 

K      SCDirOPSZTS.     Analeime  from  the  inland  of  Lam  o,  near  Brerig  in  ICanmy, 
^L^^|i|)cs<^l  bj  Woil^ye  (^c^-  Ann.  Ixxix.  303)  to  differ  from  ordinuy  analeime  in 

nystalline  form,  being  trimetric  instead  of  moDometric    According  to  Holler,  how> 

ever  (J.  pr.  Chem.  Ixix.  918),  this  diffbreace  does  not  exisL 

»EUOi:vA.X.X.o9BAVXO  AGXS.    See  AxLOTHAinc  ActD  (L  134). 
ETTGENAJrlfilC   AJTHTSXZDS.     C'^WO*  ^  Euffenani*j/l.     Anueu^nyl.—A 
eom  pound  produced  by  the  action  of  chloride  of  aniayl  on  eugenic  add.     Jt  is  crystal* 
lisable  and  insohibte  in  aqueous  potash.     (Ca hours,  Ann.  CL  Phjs.  [8]  lit.  189.) 
SUGSlTB-OIiAirCS.     8yO.  with  FOLTBAAITB. 


8iO* 

ZiO« 

TaO»     FeO 

MnO 

CaO 

Na»0 

KK) 

&  49*92 

16-88 

.    .      6-97 

116 

nil 

12-28 

0-66 

ft.  60-38 

15-60 

036     6-37 

1-61 

0  23 

1310 

,     . 
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BVOznrxsXTM.  A  nnmo  giren  b;  Kobell  to  the  palkdiniD  firora  THkende  in 
tbe  Hartz,  which  crjBtallifleB  in  th«  hexagonal  system  and  deayes  parallel  to  the  turn 
of  a  hexAgODul  priani. 

mrOBirBTBTXM    Engenate  of  ethyl  (vid,  in/,) 


xiQfoxirzo  Acn».    O'W*0* 


^  g      JO.      EvgenoL    CatyophyUic    acid. 

Oxidtfed  t*amcf  of  cloiv^.  (Bonasf  re  [1827],  Ann.  Ch.  Phya.  xxzt.  274. — Damaa, 
thid.  liii.  164  ;  al»o  Ann,  Ch.  Pharm.  ix.  6&;  xxvii.  151. — Ettling,  Ann.  Ch.  Phann. 
jx.  68.— Bockmann,  idid.  xxTti.  Ififi.— C.  Gr.  WilliamB,  Chem.  Gaz.  1868,  170.— 
Cahours.  Ann.  Ch.  Phys.  [3]  Hi.  201.— Stenhouse,  Ann.  Ch.  Pharm.  xcv.  103.— 
Baeyer,  Ann.  Ch.  Phann.  ciit.  163. — Qm.  xiv.  201.)-- When  doves aK  distilled  with 
water,  a  distillate  (crude  oil  of  doves)  ia  obtHioed,  conaiating  of  engenic  arid  and  a 
hydrocarbon  isorafric  with  oil  of  turpentine.  To  separate  these  aabHtances,  the  ofl  ia 
trt*at«d  with  potaah,  whidi  dissolrea  the  eugenic  acid,  and  the  liquid  is  diatiUed, 
whereupon  the  hydrocarbon  passes  over,  and  from  the  reddoal  engenate  of  potaaaioio, 
eugenic  add  may  be  separated  by  a  mineral  acid.  The  add  may  be  obtained  in  lika 
Tnunner  from  thn  oil  of  dnnamon  leaves.     (Stt'tihousp.) 

Eugenic  add,  when  purified  by  distillation,  ia  a  colourless  oil,  of  spedfio  gravity  1  "075 
(Stenhonee);  1*0684  at  4°  C,  (Williams).  It  reddens  Etmus,  has  a  spicy  burning 
taste,  and  a  strong  smell  of  dovca.  In  contact  with  air  it  qaickly  becomes  re«inous.  It 
boik  at  242°C.  (Stenhouae);  251°  (Williams).  Vapour-density- 6-4  (Domai); 
cale.  (2.  vol)  ==  fi-68. 

Eugenic  acid,  when  exposed  to  the  air.  qaickly  assumes  a  daiier  colour,  and  beeomet 
wsinous.  By  distillation  over  onhydroos  harj'ta,  it  is  converted  into  a  neutml  oil, 
having  the  sitme  composition  and  Tdpour-density  as  the  acid  itself  (Calvi,  Ann.  Ch. 
Phann.  idi.  242),  Accordine  to  Church  (PhiL  Mag.  [4]ix.  256),  it  forms  a  hydro- 
carbon boiling  at  142°  C,  ana  probably  consisting  rf  C*H",  immerie  with  cn'menB 
and  mesitene.  Nitrie  add  decomposes  eugenic  acidC  forming  a  brown  resin  and  oxalic 
acid.  With  pmtachloride  of  phosphorus,  it  evolree  a  gas  burning  with  a  green  flams 
likp  chloride  of  methyl. 

Eugenic  acid  abeorbs  the  vapour  of  cyanic  add  in  lai^ge  quantity,  forming  eogen- 
allophanio  acid,  C"H'-0'.2CNHO.     {Baeycr,  i.  134.) 

Tbe  eidoridfs  of  btmoyl,  anityl,  cumyl,  and  tolui//  dissolve  in  eugenic  acid  in  the 
cold  withont  alteration  ;  but  on  heating  the  liquid,  hydrochloric  acid  is  given  off  in  laiyc 
quantity,  and  on  tjeating  the  brown  syrupy  or  .nolid  residue  with  dilate  potash,  double 
anhydrides  of  eugenyl  and  the  radide  of  the  chloride  are  obtained,  which  may  be 

eurified  by  washing  with  water  and  recrystalHaatioa  from  alcohol ;  «.  g.  with  chloiiae  ot 
enaoyl: 


H 

Bujjeotc  acid. 


ChloHde  of 
bcntoyl. 


C^HK)  ^ 

Eugeno-bpnioie 
anhydride. 


Sncenates.  Eugenic  acid  is  monohaaic,  the  general  formula  of  its  salts  beii 
C'^H^'MQ*.  The  ammonium-ttift:  separates  in  the  granular  form  from  a  solution  ' 
the  acid  in  aqueous  ammonia.  The  oarium-sait  crystallises  in  thin  nacreona  seed 
or  lamirue  soluble  in  alcohol  Tlie  caldum-^salt  forms  yellowish  micaceous  lamins. 
basic  kad-aaU,  Pb''0.2C"H"FbO' (?),  is  obtained  aa  a  yellow  tenacious  precipit*te  _ 
mixing  a  solution  of  a  lead-salt  with  eugenic  acid.  An  acid  potassium-ndt,  C"H" KO*,! 
C'"H"0*  +  aq..  according  to  Briining  (Ann.  Ch.  Pharm.  civ.  202^  ia  obuiinfd  byJ 
saturating  the  acid  with  caustic  potash;  it  forms  nacreous  needles,  which  dissolve  in  waterf 
with  decomposition  and  separation  of  part  of  the  acid ;  alcohol  dissolves  it  withoat  de»J 
composition  The  magnetium-saU  is  amorphoua  and  insoluble  in  water.  The  sot' 
safi  fonns  warty  cxyatals  having  a  silky  lustre.  The  ttrontiutn^-sait  reaembla 
barium-salt. 

Euffena U  of  Ei hyl  C'*H'«0»  -  ^*^^* !  ^'  ^^*^^  Eugmie  ethtr.-Oh- 
tained  by  saturating  the  alcoholic  solution  of  eiigenic  acid  with  hydrochloric  add,  or 
by  decomposing  eugeaate  of  potassium  with  io*de  of  ethyl  in  dose  vessels.  Aflef 
washing  with  dilute  potash  and  drying  over  chloride  of  odcimn,  it  forms  a  neutial, 
colourless,  aromatic  liquid,  insoluble  in  water,  easily  soluble  in  alcohol  and  etber, 
boiling  at  about  240°  0. — decomposed  by  chlorine,  bromine,  and  nitric  add. 

BTTOaimr.     Glove-camphor,      SUaroptfne-  of  oil  of  dove*. — A  crystaDine  seb- 

I  atance  deposited  from  water  which  has  been  distilled  from  dove*  ( Rkgatia  e»f^ 

'  phy/fata.  L.).     It  was  discovered  in   1834  by  Bonastre  (J.  Pharm. xx.  665),  and 

according  to  Dumai  is  iaomeric  with  eugrnio  and  ;  but  its  molecular  ■wfLt  hiis  sot 
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1  determiiied.    It  fomu  white,  nacrooiu  lamixiae,  having  ■  faint  tiute  and  sm^ll  of 

doTM ;  ibaolDbl<«  in  water,  but  soluble  in  all  piDportiona  in  alcohol  and  ether.  Nitric 
add  tarns  it  blood-red. 

genjfj,  EngcmbmioyL  (Formaiion,  d.  604.) — After  purification  bj  recrjatallisation  and 
di«tillation.  it  forms  colourleM  neoolo-sbaped  cn^ialt,  perfectlj  nentnl,  insoluble  in 
water,  moderately  Boluble  in  hot  alcohol  and  in  ether.  Melta  bn'tveen  50°  and  65°  C, 
•ad  bolls  above  360°.  It  is  not  deoompomd  bjr  boiling  aqueous  potash,  but  by  fusion 
with  solid  potash,  it  is  conrerted  into  benzoate  jind  eugonate  of  potas«:um.  Bromine 
and  nitric  acid  decompose  it  man  NtdUy,  probably  forming  substitution-piodiietB. 
(Cahours.) 

BtrcsirOL    Syn.  with  Ecoxinc  Acin. 

CJ-H-O*-  Z*^:^\0.    (p.lgd.) 

ettgemtA. — ResemblBB  the  benzoic  compound.  Dissolres  easily  in  hot  alcohol,  and 
especially  in  ether.    (Ca  bo  lira.) 

StrOSTXC  ACXA.    Soo  Annsxn^  (p.  968). 

B'VGXiSVA  VZBXOXS.  The  granolM  found  in  these  infusoria  consist,  accord- 
ing to  Gottlieb,  of  pazamrlam.  (See  StjLBCH.)  The  green  colouring  matter  is  in* 
aolnble  in  water,  eosUv  soluble  in  alcohol  and  ether,  somewhat  soluble  in  alkaline 
liquida.  The  ethereal  solation  produces  a  veiy  strong  blood-red  dispenion.  both  of 
daylight  and  uiDdle-light.  It  appean  to  be  different  fium  the  chloiuphyU  of  phanen>> 
gamouB  plants,  green  mosses,  and  alga>.    (8alm>Horstmar,  Fogg.  Ann.  xcrii.  331.) 

AgCuSe  or  /rj^^fSe'. — NatiTe  selenide  of  silrer  and  i^oppt-r, 

found  in  a  mngnosian  serpentine  rock,  intergrowti  with  calcspar,  in  an  abandoned 
copper  mine  at  SmiLuod  in  Sweden.  It  is  soft,  slightly  ductile,  with  a  fine-gmined 
fracture.  Coiuur  load-grey;  yields  a  grey  powder  and  a  shining  streak.  On  charcoal 
before  the  blowpipe  it  melts,  gires  off  a  strong  odour  of  selenium,  and  yields  a  grey, 
•oft,  but  brittle  metallic  bead.  Colours  flusee  like  copper.  With  hot  nitric  acid  it 
fonne  a  solniifm  from  which  water  throws  down  selenire  of  silver.  Gires  by  analysis 
2S'06  per  c£Dt.  copper,  36-93  silver,  26*0  selenium,  and  8-9  earthy  matter.  (Beraeli ua, 
Schw.  J,  iiiii.  477.) 


f  Al*)'*H»0*.3M''SiO'  or  ^M"dr)SiO«  +  Jaq.  (where  M"  ropreeenta 
Mg,  F«^,  and  u  small  quantity  of  Mo). — A  mineral  resembling  chlorite  in  external  K^ 
pcanmce,  found  in  the  granite  near  Presburg  in  Hungary.  It  forms  dark  ^reen  uacreoua 
t»wiit>»,  deaTing  easily  nuallel  to  the  base,  thin  clearage  lamiiue  exhibiting  a  brown 
<tr  red  trasalucence ;  scot  and  flexible.  Hardness  ••  2;  specific  graTity  ~  2*73. 
When  strongly  heated  in  a  glitss  tube,  it  exfoliates  and  gives  off  water.  Before  Uie 
blowpipe  it  melts  on  the  edges  to  &  black  magnetic  glass ;  giree  the  reactions  of  iron, 
•Dicor.andmangwese  with  borax  and  phosphorus-salt^  Had  di^iolvos  iu  hTdrochlorio 
add  with  separation  of  galaiinooa  ot  seiklj  silica.  (Kenngott,  Handw.  d.  Chem.  ii. 
[3]  9fiJ.) 

aux&ASB.    Syn.  with  Euolasb. 

BtrxoXfirTS.  A  mineral  firom  Bre-rig.  in  Norway,  closely  resembling  eadialyte,  and 
ppgunlt'ti  by  some  minendogiata  as  identical  therowith.  The  two  minerals  hare  the 
same  form  atiid  neiu-ly  the  same  culonr,  lustre,  and  hardness,  and  agree  nearly  in  com- 
position ;  but  enkolyte  is  distingutshed  by  the  preseaes  of  eerinm,  and,  so  &r  as  the 
analysis  can  bo  trusted,  by  a  rather  larger  amoont  of  silica ;  it  has  also  a  browner 
eoloor,  a  somewhat  higher  specific  grwrity  ■>  3'0,  exhibits  more  distinct  prismatic 
deaTage,  and  is  especially  distinguished  bjr  its  optical  properties,  exhibiting  negative 
double  re&action,  whereaa  eudialyte  is  poeitive.    (Kenngott,  Handw.  ii.  [3]  947.) 

The  following  are  analyses  of eukolyte :a.  byScheerer  (Fogg.  Ann.  Ixi  222 ;  IxxiL 
666);  h.  by  D amour  (Compt  rend,  iliii.  1197). 


aO>        ZtQ*   TsO*      C«0      IjO      F«0      MnO       CuO       Na'O 


a.  47-86 
A.  45  70 


1405 
14-22  2  86 


2-98 
2-32 


1  11 


7-42 
683 


1-94 
236 


12-06 
9'flfl 


12-31 
11-59 


CI     LCMli; 
Ifoltioit. 

.      -     1  84    -   99  65 
1  11      183    =    99  07 


fieheerer'B  analysis  loads  to  the  formnla  2M''0.3SiO^  ^^  (M'^*SiO*.2SiO' :  Damoars 
to  SM^O.ASiO*  »  3M''aiO'.2SiO>,  the  silicon  being  replaced  to  a  consideruble  extent 
,  by  nrconinm  {Rttmmtlilberg'f  Mtncraichttnk,  p.  894). 


606 


EUKOLYTE  — EUPHORBIA. 


XincoiiXTB-TrTAHTnL    A  minenl  oocnmng,  tognther  with  rakoUte,  in  thai 

sircon-flycnite  of  Brevig  in  Nonray.     It  exbibiU  the  mIoot  and  liutre  of  enkcditf',  b«t 

in  cTTstalliDe  form  sod  deinaity,  —  3*57,  it  resemMw  titanite.     Before  the  blovpipe  il 

•shibita  the  KftctioiiB  of  silica,  ferric  oxide,  tit4zuc  Add,  &od  soda.    It  is  leM  hard  Hum 

I  ^tanite,  and  appears  to  oceapy  an  intermcduite  place  between  titacite  and  enkolitc 

|(8cheerer,  Jahrc»b«r.  f.  Cbem.  1854,  p.  86S.) 

BxrXTSZV.  A  name  applied  by  Beraelias  to  a  rabatance  easily  aolable  in  alonhol 
[  irhteb  ho  obtained  by  the  action  of  alcoholic  potash  on  that  portion  of  the  alcoholic  ex^ 
I  tract  of  bile  which  is  soluble  in  ether :  it  was  probably  impure  choloidic  add. 

■V&TSXT8.  A  kind  of  roolc  which  forma  layers  in  the  gneiss  of  Sweden.  It  is 
I  graDolar  mixtiu^  of  augite  (pr&bably  diallase),  samet,  and  nearly  60  per  eent  of  ft 
Immoral  allied  to  olivine,  being  likewise  a  basic  siCcate  in  which  the  greater  part  c^tha 
neaia  Im  replaced  by  protoxide  of  iron  or  Buujgaseae.  When  the  rock  is  treated 
I  hydrochloric  acid,  tbe  last'mentioned  mineml  ia  decomposed,  with  aepantion  oi 
gelatinous  siliai.,  while  the  granules  of  uugite  and  garnet  fall  to  the  bottom.  (A.  Erd- 
mann,  Jahreeber.  A.  Chem.  1849,  p.  799.) 

ainbTTB  and  STSlbTTB.   Two  crystalliaabl  p  -"i  i--^>  -  "  ^~(  of  unknown  oompontion 

prodaced,  together  with  others,  by  the  action  of  8tr<  il  upon  citraoonic  add: 

they  are  distingimhed  by  their  different  de^eea  of  ^  _    m  wuter  and  in  aleoHnl, 

.  4*iIj/U  being  the  more,  difslytc  the  leas  solaola.     (Baup,  Ann.  Ch.  Pharm.  Ixxari.  W.) 

^  Bee  CiTBAComo  acid  (L  992). 

wavmx.     Silicaie  of  Bismuth.    Bumuth-fjfend^.—A  rare  mineral,  oooonijigat 

Schneeberg  in  Saxony,  in  hemihedral  forms  of  the  regular  system,  the  obsorrad  bieas 

202 
being  0,  a»Oee  and  ±  -^     The  crystals  are  usually  small  and  often  with  nmnded 

edges.  Clearage  dodecahedral,  verr  imperfect  Twia-CTYstals  also  occur  haTiog  their 
plMia  of  composition  parallel  to  a  dodecahedral  face.  The  mineral  is  sometimes  aim 
globalar,  columnar,  lamellar,  or  granular.  Hardness  »  4-6  to  6-0,  Specific  gratity 
n  fi-9  to  60.  Colour  brown,  yellow,  and  yellowish-whtta.  Lasti«  resinous  or 
adamantine.  Snbtransparent  to  opaque.  8treak  yellowish -green  or  anoolotired.  FnC' 
ture  uneven.  Rather  brittle.  B«»fore  he  blowpipe  it  melts  easily  with  intoxnceoeaMe 
to  a  brown  bead,  with  brown  deposit  «n  the  charcoal ;  with  soda  it  vielda  metallte 
bismuth,  and  with  phosphorus-salt  a  akeleton  of  silica.  Soluble  in  hydrochlone  acid, 
with  separation  of  gelatinous  silica.  According  to  an  analysis  byKerstan  (Pqre> 
Ann.  xiriL  81),  it  coutains  6938  per  cent  Bi'O*.  240  Fc«0*,  030  Mn«0»,  22-M  SiO*. 
3-31  P'O*.  2-38  water,  together  with  a  timaU  quantity  of  fluorine,  whence  it  ■ppSill 
to  be  a  silicate  of  bismuth  mixed  with  a  small  quantity  of  ferric  pbc«pb«te. 

jnHSAS'ZTB.  A  brown  variety  of  titanic  anhydride,  from  ChestarfaU  11 
MaasMichuaets,  ajfreeing  in  cryst.iUinp  form  with  Brookite,  and  probabfy  JdaBtJcal 
therewith,     Hordncsa   -:   6-0.     (C.  Shepard,  bill  Am.  J.  xii.  211.) 

BUOSTXh  C"n*"0  (from  9ueiSiis,  .Tweet-tasting) ;  fiometimea  improperiy  writtea 
vtndvL  An  acid  radicle,  homologous  with  acetyl,  the  hydroeen  compoood  of  wkidi, 
euodic  aldehyde,  C'H^U.H,  is.  according  to  Orertlld  Williams  (Pwe.  Rejr. 
8oc.),  the  es.'*t'ntia!  constituent  of  oil  of  rae.     (See  Bus,  Oil  of.) 

WaOVTMTK,    A  bitter  resinous  substance  obtained  from  the  oil  of  the  sptBdl*>  i 
tree,  Euvnt/mtu  rurop^ui.     It  is  iusoluble  in  water,  soluble  in  alcohol  and  ether,  aadj 
separates  from  the  latter  in  warty  cryBials ;  it  does  not  however  appear  to  ham  ' 
obtained  pure.     (Riederer,  Buchn.  Repert  xiv.  1. — Orundner,  ibid,  zcrii  915^) 

SVOimcrrS.     C*H'«0*.     (Kubel,  J.  pr.  Chom.  Ixixv.  372.)-.A  aaoeharia»| 
substance  obtained  from  the  cambium  (the  viscid  secrt'tion  which  exists  in  the  i 
between  the  bark  and  the  wood)  of  the  branches  of  the  spindle-trec.     The 
of  the  thicker  branches  ia  exhausted  with  strong  alcohol,  and  on  evaporating  1 
tion,  enonymite  is  obtaised  in  highly  luiitrous  mnnoclinic  crystals.     It  melts  at  1 
It  is  isomerie  with  mannite,  and  SAeas  with  that  substance  in  most  of  its  _ 
but  is  distinguished  by  its  crystaUine  form  and  higher  melting  point,  mannito  1 
trimetric  and  melting  at  166"^  C,     Gilmer  {Ann.  Ch.  Phiirm.  cxxiii.  376) 
Oh  identical  with  dnlcite. 

atrr ATOKZimt.    The  water-bemp,  Euvatorium  eann/ibinum,  contains,  accoidinf  ; 
to  Rigboui  (Mag.  Pharm.  xxv.  98),  an  alkaloid,  called  eupatorinei,  having  a  bittr*^ 
rather  pungent  tu(<te,  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  fbrmiog  *  j 
cry^tallisable  sulphate. 

The  root  of  the  same  plant  contains,  according  to  Boiidet,  a  volatak  oil,  a 
acrid  substance,  starch,  ana  the  other  ordinary  eonstitueats  of  phinta. 

BVPHOBBXA.     The  nx)t«  of  Euphoi^ia   C^patwia*^  E.  Eatdm,  R  LatAjrit^ 
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R  Apio*  and  E,  dtpauperata  are  emetie  and  pugatiTe;  to  lifcewuw  is  the  fixed  o3 
obtained  from  tbe  ac«(U  of  flereni  spedea,  eapedallj  of  £L  Ct/ptru»tu,  EL  Laihyris, 
K.  Aybrma  and  a  few  others.  The  aeed-oQ  of  tbeee  planta  tna;  be  used  in  the  eame 
Vagr'as  eroton-oii,  which  is  itself  the  produce  of  a  eupborbiaceovu  plant  The  aeeda  of 
*  JL  Cypuristiaa  gatbcivd  in  Aurcrgne,  yielded  6  per  cent,  fixed  oil ;  thoeo  of  E.  kybema 
j^eW^d.  by  exhauatiou  with  ether,  44  per  cent,  of  a  golden-yeltow  fixed  oil,  baring  • 
pleaftAnt  and  not  acrid  odour.  (Cherallier  and  Aubergier,  J.  Chim.  med.  riii. 
671.) 

The  milkj  jnice  rontained  in  the  leavei  and  atema  of  enphorbiaa,  is  aometimes  used 
as  a  remedy  af&inst  the  bites  of  serpanta  and  in  arrphilis  ;  it  is  ahio  said  to  remove 
warta,  eepecially  that  of  K  Cyparutuu,  E.  Ettda,  Jt.  kypcricifo/ia,  and  K  Tirucaiti. 
The  milkr  mice  of  £,  myrtifdia  is  peculiarly  poisoaoos.  It  contains,  according  to 
Bieord-Sladianna,  a  noD<TolatiIe  poisonous  principle,  euphorbine. 

The  herb  of  £  eotonifolia  expended  in  water  is  said  to  intoxicate  fish. 

EL  Cyparisnas,  a  veiy  common  weed,  containa,  according  to  Riegel  (J.  pr.  Fharm. 
tL  165).  an  organic  base,  and  a  peculiar  acid,  enphorbic  acid,  forrning  a  crrstallina 
lead-soJt.  from  which  the  acid  may  be  separated  by  sulphuretted  hydrogen  in  white 
needle-shaped  crystals.  It  forms  crjstallisnble  salts  with  the  alkalis,  ana  ita  aqueous 
BolutioD  ia  precipitated  by  baryta-water,  by  acetate  of  lead,  either  neutral  or  basic,  and 
by  silver  and  merroiy^salta.  G-melin  {Handbook,  z.  207)  regards  this  acid  as  ideo- 
tieal  with  malic  acid.  According  to  Dessaignea  (J.  Pharm.  [SJ  xxr.  26),  it  is  a 
mixture  of  maUc  and  dtric  adds  with  a  coIoui«d  acid,  which  prccipitatea  gelatin  and 
copper- salts  and  blackens  iron-salts. 

According  to  Stickel  (Arch.  Fharm.  xl  30),  E  Cyparissieu  and  E.  Esida,  also  • 
eoouDon  weed,  contain,  besides  resin,  gallie  add,  &c.,  a  white,  volatile,  crystalline, 
camphor-like  body,  having  a  boming  taste  and  separating  gradually  from  the  alcoholie 
aolntion,  and  a  yellow  colouring  matter,  which  is  predpitated  by  stannous  chloride  or 
lead-salts  from  the  extract  prepared  with  water  containing  alum. 

S17FHOK8ZC  ACXS.  \ 

XXJTHOmBZVB.  I 

HUJ^UO&BXnr,    See  EtrpaoKBitnc. 

SUVBO&BZVM.  lifnna  s.  Gummi  EupAorba.  A  resin,  sometimea  improperly 
called  a  guni  or  gnm-resin,  consisting  of  the  concrete  juice  of  several  i^>ene8  of  eO" 
phorbia,  growing  in  Egypt,  Arabia,  the  Canaries,  and  other  hot  oonntrieo,  eithef 
exuding  naturally,  or  from  incisions  made  in  the  bark.  Much  of  thp  article  fbund  in 
British  commerce  is  obtained  from  Euphorbia  canarieimt,  while  that  wlu'ch  occurs  on 
the  Continent  ia  obtained  from  E.  officinanm,  K  antiquorum,  and  other  African  speciM^ 
particularly  from  an  uitdescribed  species,  called  by  the  Arabs  derymtue, 

£upfaorbinm  is   a  variable  mixture  of  reain  with  wax,  eaoutchonc,  salta,  chiefly 

'  lates,  and  from  10  to  20  per  cent  of  moisture.    These  constituents  may  be  sepatated 
treating  it  sacessiTely  with  water,  and  with  cold  and  hoc  alcohol 

But  oven  the  reein  of  euphorbium,  separated  from  the  wax  and  other  matter*,  ia 
itself  a  mLitui-e  of  three,  if  not  of  a  greater  number  of  resinous  bodies.  Berzeliu*  dis- 
tin^shed  three  reains,  cl,  St,  and  y.  On  mixing  the  alcoholic  solution  of  euphorbium- 
resin  with  alcoholic  sugar  of  lead,  a  precipitate  i^  formed  £rom  which,  by  means  of 
hydrochloric  acid  and  alcohol,  a  dark-brown  resin,  the  a-resin,  may  be  separated :  it 
has  a  sharp  burning  taste,  and  dissolTes  in  alkalis  and  in  alccboL 

The  liquid  filtered  from  the  lead-precipitate  yields,  when  mixed  with  snlphnrie 
add,  and  then  with  water,  a  precipitate  of  the  ^redn,  easily  soluble  in  alcohol,  but 
inaolnble  in  pure  ether.  On  evaporating  the  alcoholic  solution,  this  resin  remains  as 
a  shining,  brittle^  transparent  mass,  soluble  in  very  dilute  alkalis,  and  in  dilute  aqneous 
acids;  hence  Buchner  and  Herberger  (Bnchn.  ReperL  vi.  146)  regarded  it  as  a 

B,  which  they  called  enphorbiine. 
^^'ohnston  (J.  pr.  Chem.  xxvi  145),  and  H.  Rose  fPogg.  Ann.  xxjriii.  33;  liii. 
Wtt\  have  obtained  from  enphorbinm  several  easUy  soluble  rettins. — By  exhau«ting  the 
eupborbdum  with  cold  alcohol,  a  pale  yellow  solution  is  obtained,  which,  when  erapo- 
xated,  leaves  a  brown-red,  brittle,  and  friable  resin,  C*H"0*,  insoluble  in  caustic 
alkalis,  dissolving  with  red  colour  in  strong  sulphuric  add,  and  separated  unchanged 
by  water. 

When  euphorbium,  after  exli;ini.tion  witlj  cold  alcohol,  is  well  boiled  with  alcohol, 
the  liqiiid  deposits,  on  cooling,  the  7-resin  of  Bencelius  in  indistinct  cryatab,  the  oom- 
poaition  of  which  nppears  to  be  C*H*H3*  It  is  a  perfectly  indifferent  body;  its 
alcoholic  solution  is  not  predpitnted  by  ammonin,  nentral  acetate  of  lead,  nitrate  ol 
silver,  or  by  alcoholic  potash ;  Wt  aqueons  potash  predpitatea  it>  By  di^  diftillathon 
it  yields  a  visdd  diatillate  having  an  alkaline  reaction. 
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Bophorbrnm,  when  Bwallowed  in  amjill  dtwea,  proda«!«  Tomrting  and  iniiging;  i« 
Urger  doees  it  is  poiaonouB.  When  applied  c>xt«rntlly  it  produe«  irritabon,  and  w 
therefore  employed  u  an  ingredient  of  Teaicotin^  ungu^ntB  and  plasten ;  but  it*  n>* 
it  now  almost  wholly  confined  to  veterinaiy  pracUce.     (Handw.  d.  Chenu  u.  [8]  954.) 

StTVBOTXDX.     S^m.  with  Qabbho. 

MUTMXJkBUL,  The  green  parts  of  Euphrasia  officinalis  (eye-bright),  contain 
acconiiag  to  Enz  (ViertdjohrBechrift  pr.  Phann.  liii.  iTiK  tartaric,  citric,  aoetic,  and 
lactic  aridfl,  red  and  yellow  colouring  matter,  fixed  and  volatile  oii  and  u  tannic  aeid 
•apposed  to  be  peculiitr  to  the  plant,  and  called  euphrasia-tannic  acid;  iU  lead- 
Mit  ia  aaid  to  contain  iPf>0.(^lP*0*'. 

100  pto.  of  the  fresh  plant,  at  the  flowering  time,  contained  62-0  pta.  water;  fr-om  th« 
reaidue.  ether  diaaolved  4  4  pta. ;  alcohol  then  12  pta.,  water  6'4  pta.,  and  hydrochloric 
acid  4-4  pt«.,  t»>uTiog  10-8  pta.  of  inaoluble  rosidne. 

mvWSL'W  UmXTM.  a  sub-speciea  of  mien  allied  to  Margnn>dit«,  occurring,  together 
with  comndum  and  black  tonrmalin,  at  UaionTiUe,  Delaware  County,  PennaylTani*. 
It  in  greyiah  or  sea-green,  with  faint  mother-of-pearl  lustre  on  the  outside,  bat  on  tlw 
,  dearage-fiicea,  which  arc  very  iwrfcct,  it  ia  whit«,  with  very  strong  nacreous  l«rt»6 
Tlie  laxnine  are  very  brittle  ana  perfectly  iraBsparent  Hardneaa  3.  Specific  fffM^iif 
3  963.  Before  the  blowpipe  it  exfoliatea,  aliinea  more  brightly  than  emeryutt  m^ 
eonindelite  and  mclta  on  the  edge*.— The  compoeiUon  of  this  mineral  ia  rariwB*^ 
•tatcd  by  diffen-nt  analyst*.  According  to  Smith  and  Brush  (SiU.  Am.  J.  [1]i 
i09),  it  contains  (mean  of  four  analjaea) : 

SIO*  AI'O*  Fe-O*  CaO  MbO  K*  Ki'O  H»0 

40-28         42  08         1-42         1-36         0  70         3  60        4-71         6  65  ^  »9'69f| 

wh«nc«  the  formula  2M»O.SiO*  +  2(  3M»0'.4SiO»)  +  4aq.,  whicb,  by  wdujangt 
iieaquioxidea  to  protoxides,  may  be  converted  into  that  of  a  combination  of  an  orUu>> 
BiUcate  and  a  hydrate,  viz  9R*SiO'.4RHO  t-  2  aq. 

BUVZOWS.  A  hydrocarbon,  discovered  by  Reicbenbach  (.Ajin.  Ch.  Pharm, 
xiii.  217),  and  consisting  essentially,  according  to  Frankland,  of  hydride  of  amj-i,  C*H™. 
It  is  produced  by  the  dry  distillation  of  many  organic  bodies,  viz.  of  wood,  coal,  flwd 
oils,  caoutchouc,  resin,  bone^  &e. ;  it  is,  therefore,  a  constituent  of  wood-tar,  and.  in 
greater  abundance,  of  cool- tar,  but  is  found  roost  abundantly  ia  rectified  booe-otl 
(i.  625),  and  in  tJie  oil  obtained  by  the  dry  distillation  of  rape-seed  and  hemp-«eed. 
According  to  Hesse  (Ann.  Cb,  Pharm.  ixiij.  247),  it  does  not  exist  in  the  cmdo 
enipyreumitie  oils  obtain<Mi  from  the-se  9<»Tcml  sourct's,  but  is  prodttC«d  in  the  prooeaa 
of  purifying  thpm  by  the  action  of  sulphuric  acid.  To  prepare  it  from  icctifii^ 
bone-oil,  the  oil  ii  mixed  with  ^  of  its  weight  of  oil  of  vitriol ;  the  lighter  and  deiMw 
liquid,  which  rises  tn  the  surface,  is  tnken  off  sjid  distilled  with  an  e^ual  wtd^t 
of  sulphuric  add  and  a  small  quantity  of  nitrt; ;  the  distillate  is  again  distilled  with 
sulphuric  acid,  then  washed  with  aqueous  potash  and  with  water,  rectified,  dried  utidet 
ih»  air-pump,  and  treated  with  potasainm  as  long  as  the  m^tid  shows  signs  of  oxidation. 

Eapiane  is  a  colourless,  extremely  mobile  liquid,  having  a  very  low  refracting  poww. 
It  ia  tasteless,  and  has  an  agreeable  odour,  like  that  of  flowers.  It  does  not  ooDdaet 
electricity.  Specific  gravity  =  0-65  at20*C.  It  remains  liquid  at20**C,  exnanfa 
very  much  when  heated,  lOO  vol.  at  20°  C.  expanding  to  nearly  104-6  vol.  at  47** C.  It 
is  very  volatile,  evaporating  perceptibly  at  common  temperatures.  When  drociped 
on  paper,  it  makes  a  grease-stain,  which  quickly  disappears ;  it  pvaporatea  instantly  on 
the  skin,  boils  at  47''  C.  and  distils  unaltered.  It  is  inflammable,  and  bonu  with  a 
smokeless  flame. 

Eupiono  is  insoluble  in  water,  sparingly  soluble  in  aqueous  alcohol,  but  mixes  essOr 
with  absolute  alcohol,  ether,  and  oils  both  fixed  and  volatile.  It  dissolves  sulphur  and 
pho«pborus  only  with  aid  of  heat;  many  fats,  camphor,  and  similar  sabstancea  with 
fncibty,  caoutchouc  also  when  h(*aJ-«Ki,  the  solution  leaving  a  dry  vaniisb  when  evaptw 
rattd.  Rosins  it  ii;itu*olve»  for  ttie  most,  part  with  difiicultj- and  iDCom{d«tely ;  nd 
most  sJkidoids  are  quite  insoluble  in  it^  even  at  the  boiling  heai« 

Eupione  is  a  very  stable  substance  ;  it  is  not  altered  by  Ught ;  sulphuric  acid,  nitric 
acid,  alkalis,  potassium,  and  sodium  hare  no  action  upon  it,  and  even  peymstttsnats 
of  potassium  is  said  not  to  be  reduced  by  it.  With  cUorine,  bromins,  and  iomic,  it 
nnites  without  undergoing  decompodtion. 

MUMr X saCB&OXTB.  A  native  phosphate  of  calcium  (phosphorite)  occurring  io 
large  quantity  at  Crown  Point,  New  York,  and  used  abundantly  as  manure.    (Ses 

f  HOSPUCilinK.) 


A  variety  of  syenite  owurring  near  Christiaaia;  it  i«  of  *  blue  c 
wad  stratified.     Two  specimens  gave ; 
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Al«0»        PrO       C«0       M«0        K«0  N»»0  H»0        FeS* 

03-85      15-43      9  30      6*73      Mi      3  40  4-36  2-32  0785  «  97-315 

68-50      IS-ti      7  07      289      I  51      2  36  553  3-45  trace   -  9945 
(Kjerulf,  Jahresber.  f.  Chem.  1854,  p.  882.) 

w»Tjr OBITS.  Van)idat«  of  load,  found  in  abandoned  workings,  at  Hofsgnuid 
near  Freiburg,  in  the  Broiegau.  It  ia  micio-cryBt&Iline,  and  forau  spheri^  or 
botryotdal  aggregatps  and  crusts  of  yellowish-red  or  leather-yellow  colour,  with  tome* 
what  lighter  4ilTe»k;  scarcely  tranalncoat  on  the  edges;  dJtitiactly  radio-fibrous. 
ILudness  ■=  3-5.  Specific  grari^r  =  4  945.  Molta  to  a  lead-grey  bead  before  the 
blow-^ipe;  yields  lead  oo  charcoal,  and  with  phosphorus-salt,  a  yi>now  bead  in  the 
oxidiainft,  green  in  the  reducing  flame  ;  gires  by  analysis  55-70  PbO ;  20  49  V>0*: 
22-69  V'O*:  0  94  SIO'  (total  99-82),  (Fischer  and  Nesiler,  Jahrctiber.  f.  Chcm. 
185*,  p.  964.) 

SirrOBCZTX.     Sm?  Tbixcbic  Binrtrru. 

SiraUurKSXC  Acm.  C*'H'*0".  Purra'c  arid.  (Stenhonse.  Ann.  Ch.  Phann. 
IL  423. — ErdmaDO,  J.  pr.  Chem.  xxatiii,  190 ;  mvii  385.) — This  acid,  ia  combination 
vitk  nugBMM,  ooBstitut^^  the  essflntial  part  of  purree  or  Indian  yellow,  a  sub- 
itaiiee  imported  into  Europe  from  India  and  China,  and  consisting,  according  to  moHt 
authorities,  of  the  dried  sediment  of  elephants'  or  buffaloes'  urine;  but,  according  U> 
St«nhouBe,  of  a  vegetable  extract,  obtained  by  evaporating  down  the  jmioe  of  certain 
plants  mixed  with  maen(»ia.     (See  Purbbb.) 

To  prepare  euxantbic  add,  the  purree  ia  exhausted  with  boiling  water,  and  tli« 
refiidue  is  dissolTed  in  boiling  dilate  hydrochloric  acid.  The  solution  oo  cooling  d<^ 
posits  euxanthic  acid  in  Tellowiah  needles  grouped  in  stan.  It  is  sparingly  soluble 
in  cold  water,  but  dissolves  easily  io  alcohol  and  ether.  When  crystslhsed  from 
alcohol  it  retains  1  at  water  (C'^H"0"'.H*0).  and  when  precipitAU*d  by  hydrochloric 
acid  from  its  ammomaoal  solution,  3  at.  water  (C*'H'*0".3H*0).  This  water  of 
crystallisation  (4  or  11  per  cent)  is  giren  off  at  130°  C.  The  acid  has  a  sweet  ta<le^ 
with  bitter  afler-taate.     It  is  coloured  deep  yellow  by  alkaliai. 

Euxanthic  acid  cautiously  heated  in  a  tube  yields  a  vellow  sublimate  of  euxan- 
thone  ;  C»'H'*0'«  -  C»H"0«  +  CO*  -»■  3irO.  The  same  subetanee  is  produced  by 
the  action  of  strong  svlphurie  acid,  together  with  hamatbionic  acid,  C'*H'*SO'»- 

With  chloriney  Mimiw,  and  cold  nitric  acid,  euxanthic  acid  forms  cubstitvtion>pFi>* 
ducts  (p.  610).  Hot  nitric  acid  converts  it  into  cocciuonic  acid,  together  with 
oxalic  acid,  and  ultimately  into  oxypicric  or  styphnic  acid. 

Buzmattiateii.  Euxanthic  acid  is  monobasic,  the  general  fonsnlft  of  its  salts 
iM-ing  C"H"MO".  The  euxanthates  of  the  alkali-metals  are  soluble  in  water.  The 
barium-  and  cdcium-iialta  dialolTe  sparinglj  in  cold,  easily  in  boiling  wurer ;  the 
neutral  magnesium-salt  is  also  soluble,  hut  the  basic  salt  containtrd  in  Lidiao  yellow 
IB  insoluble.     The  other  salta  are  s^Miringly  solable  or  insoluble  in  water. 

Ettsanthotf  c.f  nmimnnium,  C"H"(NH*)0",  erystallisee  in  light  yellow,  highly  lus- 
trous needles.  The  potamiurn-saJt  crystalliswt  fkim  a  warm  solution  of  euxanthic 
acid  in  acid  carbonate  of  potassium,  in  h'ght  yellow  crystalline  soulee.  The  nntiral 
lead-aalt,  C'''H"'Pb'*0'',  is  precipitated  from  the  aqueous  solution  of  the  ammonium- 
salt  by  neutral  acetate  of  lead  in  jellow  flocks.  The  banc  Uad-salt,  PbO.C«H"Pb''0« 
+  aq.,  is  thrown  down  from  a  boiling  alcoholic  «luliou  of  ©QXiinthic  acid  by  an 
alcoholic  solution  of  basic  acetate  of  lead,  as  a  yellow  precipitate. 

Eiucanihate  of  Magnetium. — On  adding  euxaatfaate  of  ammoaium  and  a  lilUe  free 
ammonia  to  a  solutioni  of  chloride  of  magnesium  containing  Hal-ammoniac,  a  yellow 
amorphous  precipitate  is  formed,  which  dissolves  ia  boiling  water,  but  soon  separatee 
as  an  omngo-colourcd  jelly,  which  changes  on  standing  into  a  shinitig  yellow  crystal- 
line powder,  no  longer  soluble  to  water,  and  consisting  of  a  basic  salt,  probably 
MgO.C**H»'Mg''0"  +  8aq.  This  salt  forms  the  chief  constituent  of  Indian  yellow ;  in  the 
pure  state,  however,  it  has  a  miuch  finer  colour  than  the  pigment  so  called,  whicli  con- 
tains a  larger  and  variable  quantity  of  magnesia.  Eromann,  indeed,  found  46  prr 
cent  magnesia  in  Indian  yellow,  whereas  the  pure  salt  obtained  as  above  contains  only 
9-5  per  cent. 

Euranth^U  of  silver  is  a  gelslinou.^  yellowish  precipitate,  somewhat  soluble  in  water, 
and  turning  brown  when  exposed  to  light. 

A  solution  of  euxanthale  of  ammonium  forms  with  ffrric  salt*,  a  lilju^kiKh-preen 
precipitate;  -vith  ferroiu  salta,  dark  green  (Stenhonse);  white  beoominc  dark- 
coloured  by  contact  with  the  air  (Erdmann);  with  euprie  salts,  a  stiff  yellow  jellv, 
flomn^At  soluble  in  pure  water ;  with  manpattotit,  niekd,  and  rine  sivltn,  lomnti- 
yellow  precipitates;  with  mercurie  cMonde,  after  some  time,  a  slight  yellowish 
pre<*ipitate. 
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Ikrivatitfes  of  Euxantkic  acid, 

Bromtuxantkic  aeid^  C"H'*Br'0",  u  obtained  by  the  ictioo  of  btomiiw  on 
etucAnthie  add  in  preaeuoe  of  water.  It  u  wlnble  io  boiHng  alcohol,  which  on  eooli&g 
depositfl  it  in  golden-yellow  micnMCOpic  needlM.  The  raother-liqnor,  when  eTifOCited, 
yields  ad  additional  quantity  of  the  add  in  the  amorphotu  state,  the  amarphofU  modi* 
fimtiojD  being  much  more  soluble  in  alcohol  than  the  cnrvUdUne  add. 

The  ftalta  of  bromeoxanthic  add  are  gelatinoua ;  the  potaeanm-  and  amjnomtun- 
■aita  howerer  exhibit,  after  a  while,  a  tendency  to  cryataJliae  in  needles. 

Chtoreuxanthie  acid,  C"H'*CPO",  is  obtained  brpueing  chlorine  into  water  ia 
which  euzanthic  add  is  sospended.  It  ciyBtallisefl  in  shining  golden -yellow  eealet,  ia- 
Boluble  in  water,  easily  soluble  in  boiling  alcohol,  sparingly  in  cold  alcohoL  Its  salts 
are  mostly  gelatinoQs. 

Nitroeuxanthic  acid,  C»'H'^NO»)K)'^— Obtained  by  immeimng  maaBflue  idi 
in  «>ld  nitric  add  of  specific  grnTitT  1"31.  It  dissolves  sparingly  in  wnxtr  aad  in  eald 
alcohol,  easily  in  boiling  alcohol,  whence  it  crystaUiaes  in  straw-ooloured  Luninfc.  lu 
aalta  are  mostly  gelatinons,  and  deflagrate  when  heated. 

Coecinonio  acid,  Nitroeoceinie  acid  of  Benelixa. — This  add  waa  discorered  by 
Erdmann,  who  aseigned  to  it  the  formula  O*H*(N0*)0* ;  according  to  LwiTent,  it  it 
perhaps  nitro^in<mte  acid,  C?'*iP(A'0')0*,  or  OH«(N0»)0*.  It  is  prodnoed,  togetbec 
with  oxbUc  add,  when  euxanthic  add  is  heated  with  nitric  add  of  spedfle  gnmty  1*81, 
and  separates  as  the  liquid  cools.  If  the  heat  is  not  strong  enough,  nitro-eaxaitthie 
add  is  farmed  at  the  same  time ;  in  that  case,  the  flltrute  when  heated  will  yield  an 
additional  quantity  of  coodnonic  acid. 

Thia  acid  forms  yellow  errstaUine  grains,  which  become  strongly  electric  by  frietioo. 
It  ia  espedally  distinguish  ed  by  its  property  of  forming,  with  bueq.  acaziet  s^ta  which 
bnm  with  alight  dutociation.  The  ammonium'SaU  is  Kduble  in  water  and  in  excea  of 
eurbonate  of  ammooia.  The  potauium^talt  is  epazingly  soluble  in  water  and  in  ezecas 
of  carbonate  of  potassium. 

By  the  cootinuc>d  action  of  nitric  add,  coocinonic  add  ia  conTcrted  into  tajpmi 
acid. 

Hamathionic  acid. — A  product  of  the  action  of  sulphuric  add  on  enxanthie aeid. 
Its  composition  ia  not  quite  determined.  Erdraaiiu,  who  discovered  it,  assigned  to  it 
the  formula  C"*J5^0"5  or  C**IP0*\SO*.  A  solntion  of  euxanthic  add  in  cold  sol- 
phuiic  acid  yields,  on  addition  of  water,  a  predpitate  of  etixanthone,  and  if  the  filtnle 
be  satorat-ed  with  carbonate  of  barium  or  oxide  of  lead,  filtered  from  insoluble  aatt, 
and  the  pal<*  yellow  liquid  carefully  evaporated  out  of  contact  with  the  air,  a  atzWQ^J 
add  solntion  of  firee  hamathionic  acid  is  obtained,  which  dries  up  to  a  syrap  by  eranon- 
tion  at  a  low  temperature,  but  is  decomposed  by  boiling,  with  elimination  of  snlpharie 
add. 

The  hamathionates  of  the  alkali -metals  of  barium  and  of  lead  dry  up  to  yeDoTiidl 
gummy  masses.  The  solutions  decompose  in  contact  with  the  air,  with  separaU'oo  of 
a  brown  powder  and  liberation  of  sulpFiuric  acid.  The  solution  of  the  nevirvl  leod-ult 
jieldu,  ou  addition  of  basic  acetate  of  lead,  a  yellow  predpitate  chiefly  coodsting  of 
triplumbie  hamtithionate. 

muWULWrmon,  C«H"0«.  Purrenone  (StenhouseX  lW«>iM(Ber«eHu>).- 
A  neutral  product  of  the  decomposition  of  euxanthic  add,  first  obtained  by  SteBhoii* 
(Ann.  Gh.  PhariQ.  H.  425),  and  soon  afterwards  by  Erdmann  {ibid.  ML  366;  Is.  389). 
It  is  produced  by  heating  the  acid,  or  ita  barium-  or  lead-salt  per  m;  or  by  traitaig 
the  diy  add  with  strong  sulphuric  add ;  or  ita  alcoholic  solution  with  hydrochkrio 
add  gaa.     The  tnmsformation  may  be  repreeented  as  follows : 

C"Hi«0»'  -  C»H'»0«  4-  C0»  +  3H«0. 

In  preparing  euxanthoce  by  the  action  ci  heat  on  enxantJiic  add,  or  its  bariua- 
or  leitd-sult,  it  ta  best  not  to  ntise  the  temperature  to  the  subliming  point  of  enua- 
thone,  bat  to  keep  it  between  160°  and  180*  C.  The  euxanthone  then  remains  in  the 
residue,  and  may  be  freed  from  undecompo&ed  euxantkic  add  by  digestion  irith 
ammonia,  and  then  recrvstallised  from  al»>hol. 

Euxanthone  forms  pale  yellow  ahining  needles  or  laminse,  slightly  aolnble  ia  water 
and  in  cold  akobol.  When  carefully  heated  it  soblimes  for  the  most  part  without  de- 
eompoBition.  It  is  perfectly  neutral,  dtssolTes  in  strong  aqueous  ammonia,  and  eaaiiy 
ill  pzitash,  but  not  in  dilute  acids.  The  alcoholic  solution  is  precipitated  by  bade  acetate 
of  Ipad,  but  not  by  the  neutral  acetate,  or  by  baryta  or  lime.  Nitric  acid  deoorapow* 
it.  producing  flratporphyric  acid,  C'*II*(NO')'*0*  [?],  then  oxvporphTric  acid, 
C"H*(NO')'0',  and  laatly  oxy  picric  or  styphuic  acid,  C*H*(I^0M«O».  ' 

Chlorinated  and  biommaled  derivatiTea  of  euxanthone  are  pxooaoed,  not  by  tba 
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dlMettctioB  of  ehknine  and  bromine  on  ctuantbooe,  bat  by  difflolrtog  chloreoxuattuc  and 
bromeuxaathic  acid  in  strong  sulphuric  acid,  and  precipiLating  by  wuUr.  Tlie  motht-r- 
Uqoor  retains  an  acid  oontainiiig  chlorine  or  bromine,  and  sulphuric  acid,  and  forming 
m  adtvbiB  barinm-aalt  [  ?  chlor-  or  brom-hamathionic  acid],  but  no  bydrochioric  acid. 

CkUrturtmtioiu  8«p«rAt«8  from  its  alcoholic  solution  in  yellow,  feathery  aystala 
eontetning  C*H*C1'0*.  The  forma tion  of  this  triohlorinated  compound  irom  dichlor- 
euxanthie  add  seems  to  show  that  th«  composition  of  euxanthone  is  not  adeqoatslj 
iiiiiniiwl  bj  the  forraola  CH'^O*,  and  tliat  its  formation  &om  coxanthic  acid  is  not 
qiDto  CD  OBiple  at  it  ia  represented  by  the  equation  above  giren  (p.  610). 

Srommuoniktmt  is  precipit^tted  by  water  as  a  pulTentlcnt  substance ;  it  is  probably 
•aalogoos  In  compoaitton  to  clUoreuxanthone,  but  it  hua  not  been  analysed, 

BOXSVTTBa  A  mineral  consisting  mainly  of  niobate  and  titanate  of  yttriam, 
fonnd  at  Slromoe,  near  Arendal,  and  other  localities  in  Norway.  According  to 
Breithaupt.  it  forms  crT»tals  belonging  to  the  triraetric  system  ;  but  it  is  usually  mas- 
sive without  trace  of  cleavage,  and  with  imperfectly  ooncho'idal  fracture.  Opaque  in 
th«  mass,  tztmslucent  in  thin  splinters.  Lustrc  mertallie  and  waxy.  Colour  browmsh- 
bladc  Streak  brown.  Hitrdneas  =  6^.  dpedfic  grority  »  4*6  to  6*0.  It  is  not 
attacked  by  acids,  is  infusible  before  the  blowpipe,  givn  off  water  when  heated, 
becomes  yellowish-brown  on  ignition,  and  forma,  with  borax  and  phosphorus-salt, 
yellow  glasseSi,  the  latter  becoming  light  green  or  colourless  on  cooling. 

Analytet. — a.  Brownish-black,  teota  Jdlster  (Scherer,  PogJ-  Ann.  1.  149),  approx- 
imate analysis;  b,  Srowmsb'black  from  Tredestrand  (^herer,  ifnd.);  e.  Blsck, 
firom  Tremoe(Strecker,  J.  pr.  Chem.  Ixir.  384).  d,  Forbes  and  Dabl  [ibid,  Ixri. 
444:  bracSflS): 


Js'b-O*       T1t»i 
a,  49-66      7-M 

Al«0»      UO 
.     .     6*34 

.    .     7-58 
.     .     S-46 
3*12    6-22 

FeO 

2-60 
3  03 
1*98 

YO       C«0      UO      CaO    MgO 
2609    2-18     0-96   247    029 

28-97     2-91 

2646           .     .    6-26     .     . 
2936     331      .    .    1-38   0-19 

HO 

3  97  *   98  9l» 

h.        £3-64 

c.  37-16     16  26 

d.  38-58     14-36 

404  «  99  74 
2  68  =  99  2^ 
2-88  >  lUO-37 

OTXaOJ^XTB.     Syn.  with  STa.BiT«. 
W A^rO&ATXOV.    See  Hut. 


The  lichen  known  as  Emrmia  or  Panutia  pruna^tri^  contains,  an. 
cording  to  Rochleder  and  Heldt  (.\nn.  Ch.  Phann,  xlriii  2),  besides  fat,  cellulose, 
tcc^  a  chromogon  or  colour-producing  substance,  identical  with  Schunck's  lecanoric 
acid ;  according  to  Steahouse,  it  contains  STemie  acid  together  with  usnic  acid ;  accord* 
ing  to  Hesse^  it  also  contains  oxalic  acid. 

BVSmsXG  AGIO.  C"H"0'.  (St  en  house  [1848],  Ann.  Ch.  Pliarm.  Ixriii. 
83.)— An  acid  homologous  with  lecanoric  acid,  obtained  from  Evernia  pmnariri.  To 
prepare  it,  the  lichen  is  exhausted  with  milk  of  lime,  the  yellowish  filtrate  is  neutralised 
with  hydrochloric  acid,  and  the  resulting  light  yellow  floccnlent  precipitate  is  washed 
With  water,  carefiiUy  dried,  and  then  digested  at  a  gentle  heat  in  weak  spirit,  tit] 
about  I  of  it  is  dissolved  (the  remainder  consisting  of  usnic  acid).  The  filtrate  on 
cooling  deposits  eyernic  acid  in  yellow  crystals,  which  may  bo  purified  by  recrystallisa- 
tion  from  weak  spirit,  with  addition  of  unimal  charcoal. 

Eremic  add  fonns  aggregates  of  small  colourless  crystals,  dcifitnte  of  taste  and 
odoor.  It  is  insoluble  in  cold,  and  sparingly  soluble  in  boiling  water ;  easily  soluble  io 
skobol  and  ether.  It  melts  at  164°  C,  and  decompose  at  higher  temperatufv«,  yield- 
ing OTcin  and  an  empyreumatic  oil.  Solution  of  hypochlorite  of  calcium  colours  it 
yellowish.  The  ammoniacal  solntion  absorbs  oxygen  from  the  air  and  acquires  a  dark 
red  colour. 

By  the  action  of  potash  or  baryta- water,  eremic  acid  is  resolved  into  orsellinJc  and 
evflramic  acids,  the  former  of  which  is  eoon  further  decomposed  into  orcin  and  c*r' 
bonic  anhydride.  Evernic  acid  qnicJtly  absorbs  bromine.  When  boUed  with  alcohol 
it  yields  everninats  and  OTsellinate  of  cthyU  the  latter  of  which  quickly  undergoes 
ftart-her  decomposition. 

Eremic  acia  is  monobHsic.  The  hariiim-sait,  C*'H"Bft"0'*  +  afj.,  forms  small  white 
pnamatie  crystals,  sparingly  soluble  in  cold  water,  easily  in  waak  spirit.  The 
fOtattiitm-aalt,  C"H'*KO',  in  colourless,  with  silky  lustre,  sparingly  soluble  in  cold 
vater  and  in  aqueous  carbonate  of  potassinro,  easily  in  weak  spirit  and  in  caostto 
potash. 

SVZSirnrXC  acid,  or  Eomwtir  aeid.  C*H'«0«.  (Sle B house,  for.  «<.>— 
A  product  of  the  dvcompoMttiou  of  evemic  acid  under  the  inflneooe  of  caustic  alkalis 

C"H"*0'     +     H«0     -    CH'-O'     +     C«H*0'. 

Evsinir  acid.  ETertitntc  and.      OrteUlnkc  acid. 
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on  adding  nitniteof 


Tba  OTselHoie  acid  (|ulc)dy  ondergoes  ftuther  decompodtioD  into  carbonic  aahydrid* 
liid  omn,  which  remfiias  in  the  mother-liqnor. 

The  bftflt  mode  of  preparing  ereminic  acid  is  to  lioil  erernic  acid  with  barjta-watrr. 
Carbonate  of  barium  is  then  deposited,  and  the  filtrate  treat«d  with  hydrochloric  or 
acetic  add,  yields  a  precipitAt©  of  everninic  acid,  which  may  be  puriflcd  by  I 
with  water  and  ttnimal  charcoal  (Stenhouse).  Everninic  acid  may  alao  be  pr 
directly  from  Evernia  prunastri  containing  a  large  quantity  of  evernic  acid,  by  1 
the  lichen  with  water,  eraporating  down  tbe  atjaeoua  aolntion,  and  mixing  it  l  _ 
hydrochloric  acid  ;  it  then  after  a  while  doposita  impure  CTeminic  acid,  which  may  1 
purified  aa  abore.     (Hesse.) 

ETeroinic  acid  forms  cryattillino  Lsimins  resembling  benzoic  acid,  colotirleca,  tastelMa, 
and  inodorona;  spuriagly  soluble  in  cold,  moderately  in  boiling  water,  Tery  eaaily  in 
altnhol  and  ether.  The  solutiona  redden  litmus.  The  acid  melts  at  147°  C.  and  ia 
decompoaed  at  a  stronger  heat,  emitting  an  agreeable  odour  (aufibcating,  acoordiog  le 
If efiae),  and  yielding  a  white  ciyatalline  sublimate. 

£T«niinio  acid  dlaaolTes  eaeily  in  cold  ^u/pAun'c  acid:  on  beating  the  liquid,  earbooi- 
ntion  takes  place,  with  ovolution  of  sulphoroiiA  iinhydride. 

Dilute  nitrie  add  scarcely  acta  on  ereminic  acid  ;  the  concentrated  acid  dcoompoaa 
it  slowly  in  the  cold,  more  quickly  with  aid  of  heat,  forming  CTemitie  aotd,  tQgath* 
with  oxiilic  acid  and  other  subetancea  not  distinctly  made  out.     (He see,) 

Eyeminic  acid  ia  coloured  yellowish  by  hypochlorite  of  calcium,  like  erenucaeidi 
but  18  distinguish  ed  from  the  latter  by  not  yielfling  orcin  when  boUed  with  potaah,  and 
by  its  ammoniacal  solution  not  tumiog  red  on  exposure  to  the  air. 

ETemlnic  acid  is  monobasic ;  a  few  only  of  its  salts  have  been  prepared.  Eofmiiuitt  of 
barium,  C"H'*Ba'"0*  +  2aq.,  is  obtained  by  decomposing  ovemic  acid  with  batyta-vatw 
as  above  described ;  the  liquid  filtered  from  carbonate  of  barium  ia  evaporated,  fiud 
from  orcin  and  colouring  mutttr  by  washing  with  alcohol  or  ether,  and  the  rendveii 
cryatallised  from  weak  spirit.  The  aalt  forma  lo&g,  hard,  four-aided  priama ;  it  ii 
nearly  insoluble  in  absolute  alcohol,  but  diasolvea  in  weak  wpxnX. 

The  silver-mtt,  CH'AgO*.  ia  obtained  as  a  white  precipitate  < 
eilver  ta  an  ammoniacal  aolution  of  the  acid.  

Evtrninate  of  ethyl  fit  Everninic  ciher,C^m^*0*^  =  C»H'^C*H*)0*,  docenoU 
to  be  produced  by  the  action  of  hydrochloric  acid  gas  on  an  alcoholic  aolntion  ffl 
ninic  acid,  but  ia  obtained  from  evernic  acid  (p.  611),  by  boiling  tfaat  acid  for  1 
hoon  with  strong  aloohol,  evaporating  neariy  to  dryness,  washing  with  cold  y 

■eparale  orcin  (p.  6111  and  recrystalBaing  from  alcohol  with  aid  of  animal  c  

Or  better :  evemic  acid  is  dissolved  in  alcohol,  with  addition  of  caustic  potash,  and  tlu 
liquid  b  boiled,  nentraliaed  with  carbonic  add  gas,  and  evaporated.  The  dark  bcmni 
liquid,  which  still  contains  orcin,  deposits  brown  crystals  of  everninic  ethec;  which  »n 
purified  with  alcohol  and  animal  charcoal. 

Everninic  ether  forma  loag  colourless  crystals,  destitute  of  taste  and  odour,  inaoluH* 
in  cold,  and  nearly  insolublo  in  boiling  water,  easily  soluble  in  alcohol  and  ether.  Il 
melta  at  66'='  C,  and  crystaUises  on  cooling.  It  dissolves  in  caustic  potash  withoot 
decomposition ;  not  in  ammouia,  or  in  carbonate  of  potaasiom. 

SVSSUrXTZC  ACZB.  C*H«(NO')'0*,  or  C»H»(NO«)"0«  (?).  (O,  Heaae  [im], 
Ann.  Ch.  Pharm.  civii.  300,) — An  acid  resembling  oxypicric  ucid^  prodaced  byths 
action  of  nitric  add  on  everninic  acid.  This  acid,  digested  at  a  gentle  heat  with  t«i 
times  ita  weight  of  strong  nitric  add,  dissolves  with  evobtioa  of  nitrons  add ;  and  on 
aaturating  the  brownish  yellow  solntioa  with  carbonate  of  sodium,  evaporating  to  diyneaa, 
exhausttng  with  alcoboC  evaporating  to  expel  the  alcohol,  filtering  to  separate  an  amor- 
phous deposit,  and  mixing  the  filtrate  with  nitric  acid,  needles  of  eyemitic  add  on  depo- 
sited after  a  few  hours,  while  oxalic  acid  and  other  foreign  substancea  remain  in  eohitioa. 

Evcrnitic  acid  forms  long  pale  yellow  prisms,  or  a  white  ctystalline  powder.  It 
dissolves  sparingly  in  cold,  more  readily  in  boiling  vaUr,  forming  a  yellow  tolutioa, 
which  has  an  astringent  taata,  but  no  add  reactioD.  It  dissolves  eaaily  in  aUokat, 
forming  an  add  solution ;  it  diaaolves  also  in  eth^.  When  heated  it  mdts  and  esN 
bonifies,  and  if  quickly  heated,  decomposes  with  slight  explosion.  It  colours  theskia 
yellow.     I>is!«)lves  in  nitric  acid, 

Ev<>rDitic  urid  ia  dibasic  ;  the  alkali-metal  salts,  which  are  easily  soluble,  may  ba 
obtained  by  direct  union  of  the  acid  with  the  bases.  The  b<iri%tm-t«Ut  aeparataa,  oa 
adding  chloride  of  barium  to  a  solution  of  the  sodium-salt  mixed  with  aeetie  add,  it 
brownish  yellow  needles,  which  detonate  strongly  when  heated.  A  lead-salt  eoOfiiiB- 
ing  30  per  cenL  lead  is  obliuncd  in  like  manner  by  predpitation  from  an  addsolllill^ 
in  yellow  detonating  needlt^s. 

Evemitafe  cf  p<dasgium,  C»H«K'(NO«)«0«  +  Uq.,  or  C^W^-KJiO-yO^  +  ^-q..  » 
separated  from  the  solution  of  the  acid  in  potash-ley  by  carbonic  acid,  in  orange-yeUow 
needles  which  diasolTs  with  ytUow  colour  in  water  and  aloohol;  Uio  aqoeoos  folutuia 
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li  nentnl  The  erystala  dried  orer  oil  of  Tjtriol  give  off  fl-7  per  «dL  wiit«r,  and  the 
driod  adt  gives  by  Analjns  28*8  per  cent  ctirbon,  28  hydrogen,  4od  217  potaeRiam; 
Dombpn  AinvPing  nearly  with  either  of  the  preceding  formular,  the  flrrt  of  which 
requiPPB  28  79  C,  266  H,  and  2088  K ;  the  second  29  00  C  212  H,  and  21-06  K. 

BXAVTBAX08B.    Native  sulphate  of  sodium.    (See  Sulphates.) 

■XCASMSWTa.  The  tnattem  diseharged  from  the  intestiaal  canal  consiiit 
partly  of  undig<>Jst<Kl  rmidnes  of  food,  partly  of  certain  intetitina]  secretions,  which, 
after  haTing  serred  their  purpose  in  effecting  the  digestion  of  the  food,  are  no  longcc 
fit  to  return  bto  the  blood.  The  excrementa  have  mostly  an  acid,  sometimes,  how. 
erer,  a  neutral  or  alkaline  reaction. 

Fn>m  the  obseirations  of  Wehsarg  {Mikroaecrpisckf  undchrmUcke  Untfrewhungen 
der  F*oe»  grsnnder  rraacJurna-  Mmaehrn,  Giessen,  1863),  it  appears  that  a  full-grown 
iMftlthjlDan  discharges  on  the  average,  in  tWf>nty-four  hours,  131  grammes  (al>oiit  4oji.) 
of  teeea,  contaitiing  26  7  per  cent^  of  solid  matter  (dried  at  120"^C.,(,  therefore  35 
gmtimea  (about  1  oia.)  of  solid  matter  Id  twenty-four  hours. 

The  solid  matter  of  the  excroments  consists  mainly  of  insoluble  remasnts  of  food, 
inaolublei  salts,  and  sand.  The  portions  soluble  in  water,  alcohol,  and  ether,  contain, 
though  by  no  means  constaatlT,  albuminous  matten,  Tolatil«  fatty  acids,  among  which 
are  ^t^c  and  acetic  acids,  lactic  acid,  sugar,  taurine,  resinous  products  of  the  de- 
eotnpomtion  of  bile,  ioduding  cholo'tdic  acid  and  dyslytin.  unaitt^red  bile-pigment,  but 
xtry  rarely  nndacompofled-bile  (only  indeed  when  the  uh'mentarj  matters  pass  rapidly 
through  the  intestines,  as  in  diarrhtEa  or  tuberculosis,  or  when  the  secretion  of  bilo 
is  abnormally  increased,  as  by  the  action  of  calomel),— fut  (sometimes  in  considerable 
quantity  and  in  masses  resembling  miirgaria),  ezcretin  and  excretolic  add»  and  small 
qujintities  of  soluble  salts,  chiefly  alkaline  phoaphutes,  with  mere  traces  of  sulphates 
and  chlorides,  the  potassiura-sidts  being  more  abundant  than  the  sodiota -salts.  The 
portion  of  the  excrements  insoluble  iti  water,  aleohol,  and  ether  contains, — besides  fbod- 
remnants  and  sand— earthy  and  ferric  phosphates,  and  sometimes  oxalate  of  calduia 
(after  the  taking  of  food  containing  oxalates). 

BerEelius  {Lthrbuch,  4  Aufl.  ix,  340—349)  found  in  human  fiecea: 
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Wehsarg  found  in  1000  pts.  of  human  fsces,  738  pts.  of  water  and  267  pts.  of  solid 
natter,  yielding  on  the  average  53-4  pt.i.  of  matter  soluble  in  water.  4 1  "6  alcoholic 
extract,  30  7  ether-extract,  80-0  insoluble  food-residues,  and  I0'9S  inoiganie  sulta  pre- 
cipitable  by  ammonia. 

In  the  ush  of  human  excrement  Porter  (Ann.  Ch.  Pharm.  Ixxi.  109)  found: 


IPO 
010 


WsiO 
507 


CtO 

26-46 


10  &4 


2-60 


36  03 


so» 

313 


607 


1-33  -  96-28 


Fleitmann  (Fogg.  Ann.  Lxxr.  366)  found  in  the  ash  30-68  per  cent  soluble  salts. 
According  to  Bentelius,  human  excrements  coatuin  relatively  lees  limo  and  more  mag- 
xieeaa  than  the  food ;  and,  according  to  Wehsarg,  they  contain  only  traces  of  phosphate 
of  ealdnm,  but  considerable  qoantitjei  of  iiliosphat*  of  roagnesiura.  According  to 
Porter's  analysis,  however,  the  proportion  of  limt;  exeeeils  that  of  magnesia.  The  pro- 
portion of  soluble  l^alt£  in  the  solid  excrements  is,  under  normal  conditions,  very  much 
le«8  than  in  the  urine,  and  only  becomes  considerable  in  diarrhosa,  cholera,  and  otlior 
diaeases  of  the  intestinal  canal. 

The  following  results  respecting  the  constitution  of  the  excrements  of  man  and 
animals  have  been  obt:uned  by  Dr.  Marcet  (FbiL  Trans.  1864,  p.  266;  1857,  403). 
When  healthy  huuian  fii^n>s  are  completelv  exhausted  with  boiling  alcohol,  a  residua 
is  obtained  which  is  completely  insoluble  in  ether,  and  from  which  boiling  water  ex- 
tracts notbiug  but  amniomo-mugnevitin  phosphate.  The  clarified  alcoholic  solution 
deposits  after  long  stajidiog  a  precipitate  which  appears  to  contain  a  pectiliar  granular 
auDstance  and  an  oliTe-colotired  fatty  acid,  excretolic  acid,  which  melts  between 
26<*and26°C.  The  alcoholic  solution  separated  firom  this  deposit  and  mixed  with 
milk  of  lime,  yields  a  brown  precipitate,  from  which,  stSlvt  drying,  ether  extracts  * 
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eryetallisa^lc  snbstftncc.  excret  i  a.  Harcet  is  of  opinion  that  human  fieeas  gameaSij 
contain  exoretin  in  the  free  »t»te.  Tho  lime  jnrecipitat*,  freed  from  excretin  hj  vumsi* 
of  ethvp  and  treated  with  bydrochlon>  acid,  yields  margaric  acid ;  itlikewiae  conUina 
a  pulounng  matter  apparcDtly  rcAembliag  that  of  the  hlood,  or  that  which  Harler 
(Proa  Roy.  Soc  tU.  122)  has  obrained  from  urine.  The  amoont  of  nuugaric  add 
pepms  to  depend  on  the  quantit;^  of  Tcgetable  food,  Jn  the  acid  excrementa  of  a 
patient  in  whom  the  flow  of  Ibile  into  the  int«atine  waa  obetracteid  by  the  prewure  of 
an  enlarged  and  dieorgnni^ed  pancreas,  Marcet  found  acid  8t«arat«  of  flodium,  together 
with  considerable  qnantities  office  fatty  acida.     (Chem,  Soc.  Qn.  J.  x.  182.) 

The  fBMfl  of  carDivorou*  animals  contain,  not  excretin,  but  a  rabstance  resembliag 
ft,  together  with  butyric  acid ;  those  of  the  crocodile  contain  choleaterin,  but  no  one 
acid  ;  those  of  the  boa  contain  oric  acid,  but  no  cholestcrin  ;  and  those  of  Tcgetable- 
feeding  animals  contain  neither  excretin,  butyric  acid,  nor  cholesterin. 

The  excrements  of  birds  and  serpenta,  which,  mixed  with  the  renal  seeretion.  are 
discharged  from  these  animals  through  the  cloaca,  partake,  to  a  great  exteintt  of  tlu 
DaiQiT!  ji  orine.  consisting  chiefly  of  lilkaline  niatea  and  earthy  pbosphato.  (8m 
GiTANO  and  Uhinb.) 

The  excrements  of  insects  consist  mainly  of  the  remnanta  of  the  ttssnes,  animal  or 
vegetable,  which  they  have  swallowed  as  food,  mixed  with  oonstitoenta  of  the  ariae,  tf 
the  insect  is  not  provided  with  special  urinary  organs. 

For  further  details  on  excrements,  see  Lrhmann's  Phygtol^ogical  Chemiatry,  tmnslolfd 
by  Day,  iL  HI  ;  iii.  617. — Gmdin's  Handbuch,  riii.  93. — Handw.  d.  Ckem.  ii  [J]  971. 

SXC&STZir.  C'*H'«SO*.  (Marcet,  foe.  ei*.,  also  Proc.  Roy.  Soc,,  ix.  S08.)— This 
substance  crystallises  readily  from  the  olcohotic  extract  of  the  feces^  in  aill^  errstahs 
Tery  soluble  in  ether,  sparingly  solable  in  cold  alcohol,  insolnble  in  water.  It  bat 
an  alkaline  reaction,  ana  is  not  decomposed  by  dilota  mineral  adds.  Melts  b«tirf«g 
95°  and  96°  C.  Human  fseces  contain,  on  the  average,  0*46  gnn.  of  impure  excretin, 
and  Oi  84  grm.  of  pure  excretin  in  one  evacuation.  The  fieces  of  a  child  one  year  eld 
were  found  to  contain  not  excretin,  but  cholesterin. 

BXCmSTOBiXC  ACX9.  A  fatty  add,  obtained  by  Marcet  from  the  ahnbolif 
extract  of  human  excrements  (for  the  method  of  obtaining  it,  see  page  613).  It  has  a 
feculent  odonr ;  melts  at  25° — 26°  C. ;  and  when  heatea  on  platuium-foil,  emits  •& 
odour  like  that  of  burning  excretin,  and  bums  away  with  a  l»ight  flame.  It  is  tih 
enluble  in  water,  soluble  in  ether,  sparingly  soluble  in  cold,  easily  in  hot  »l<vArtl  i^ 
solution  baa  a  distinct  acid  reaction. 

BSCOPBAOXir.  The  name  given  by  ValencieDDCs  and  Fr6uy  to  the  outer  portioa 
of  tlif  oryst^illine  lens  of  the  eyes  of  mammalia. 

z;20Bl«OSB.     See  OsMOfla. 

EXPAirsiOV.    See  Ha4T. 

SX8ICCATOR.  A  diying  apparatus,  consisting  of  an  encloflcd  space  containing 
substances  which  rapidly  absorb  moistore,  such  as  oil  of  vitriol,  qtj  chloride  of 
caldnm,  &c. 


aXTKACTi  A  pharmaceutical  term,  applied  to  the  tough  or  visdd  nissaa.  ob- 
tained by  treating  organic  substances  with  solvents,  and  then  evaporating  thesolveoL 
(See  Urt^t  Dictionary  o/Arti,  Manufactures,  and  Mines,  ii,  167  ;  and  MandipSriiriaek 
der  Chemie,  ii.  [8]  977.) 

am.  The  eye  consists  of  three  coatings,  the  sdeiotie,  choiotd.  and  retinik  en- 
closing the  crystalline  lens,  and  two  transparent  lii|nids  or  bomours,  the  aqueoas  and 
the  vitreous. 

The  sclerotica  is  a  hard,  tough  membrane,  enveloping  the  entire  globe  of  the  <ye, 
opaque  for  the  most  part,  but  triintctiiiirent  in  front :  this  transparent  portion,  which  is 
more  convex  than  the  rest^  is  calledf  the  cornea. 

The  sclerotica  is  composed  of  a  ti&sue  which  is  converted  into  chondrin  by  the  actioa 
ef  boiling  water,  leaving  only  a  small  residue  of  vessels.     Boiling  hydrochloric  --'* 
first  contracts  and  then  dissolves  it  rapidly.   Acetic  acid  converts  it  into  a  Jelly  soli 
in  water,  forming  a  solution  which  is  not  rendered  turbid  by  ferrocyanide  of  fotMsi  __ 
The  sclerotica  contains  in  100  pts.,  5100  C,  7'08  H,  18*72  N,  and  23*20  O.     (SchereR 

The  cornea  is  also  compostd  of  tissues  which  yield  chondrin  when  boiled  with  vati 
and  dissolved  in  hydrochloric  add.     Acetic  aad  first  contracts  the  cornea  and  Ihet 
dissolves  it  completely.     The  solution  is  predpitated  by  potash,  and  by  ferrocyaBids 
«f  potasaium. 

The  choroid  is  a  tissue  lining  the  interior  of  the  eye^ball,  next  to  the 
coat;  it  yields  chondrin  when  boiled  with  water. 

Thv  reti  na,  which  is  the  iourrmost  coating  of  the  eye,  is  soft  and  semitnutsforenC 
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and  approaehei  in  compositioo  to  the  nerm  and  bmin;  it  mar,  indeed,  be  regwded 
u  wi  ezpansioo  of  the  optic  nerve.  It  contains,  ttcoording  to  Lasiaigne,  92*90  get 
teat,  water,  0  66  saponifiable  and  phosphoretted  fat,  and  S'26  alboniio. 

Between  the  choroid  and  the  retina  is  interposed  a  layer  of  cell*  filled  with  a  black 
otNMine  Bubatanee,  cnUi^d  the  black  pigment,  the  pigmentam  nigrnm  or  oph- 
taalmo-tnelaniiL  When  separated  bj  waabing  from  the  enclosing  membrane,  it 
forma  a  bearj  black  pjovdirr,  perfecd;  insoluble  in  water,  alcohol,  and  ether,  aparisfflr  . 
•oluble  or  insolubte  in  dilute  mineral  acida,  bot  diasolTed  by  canaUc  potach,  wita 
evolatioa  of  ammonia  It  bums  with  &n  unpleasant  odour,  leaving  a  small  qojtntjtj  of 
•aih  coDtiiining  iron.  Th«  or^aic  matter  of  the  black  pigment  contaioa,  ac(?ordii)g  to 
Scherer.  580  per  cent  C,  60  H.  140  N,  and  2'20  0, 

The  iris,  which  is  the  coloured  reticular  membrane,  situated  in  firont  of  the  eye, 
jnst  behind  the  cornea,  conaiiitB  chiefly  of  fibrin. 

The  crystalline  lens  is  a  transparent  body,  baring  the  fomn  of  a  double  conrez 
leaa,  situated  behind  the  pupiL  In  man  and  mammifeious  animals  in  general,  it  oon* 
eiata  of  fibres,  which,  in  tke  eentxal  portions  of  the  lens,  the  exophacin,  ooaaiita  of 
an  albuminous  substance  {albumin  a),  which  coagolatee  at  about  66^  C,  bat  does 
not  lose  its  transparency  when  treated  with  alcohol,  even  for  a  long  time.  In  the  outer 
portion  of  the  lens,  the  exophacin,  the  fibres  aM  united  by  another  albnminona 
snbstance  {mftalbumin),  whim  does  not  coagolate  at  the  boiling  heat;  both  these 
r  substances  differ  from  ordinary  albumin  (L  ^),  is  not  fonntng  a  bine  solution  with 
I  hydzoeUoric  add.  Tbe  crystalline  hoBea  of  bizils  and  reptiles  differ  but  slightly  front 
E  tooee  of  mammalia.  The  cryfltalline  lens  of  fiahee  is  also  formed  of  two  part£,  the 
■  ontar  of  which  (the  exophactn)  oonsists  of  metalbumin,  the  inner  of  an  al  numinous 
I  attbetaawe,  insoluble  in  water,  called  phaconin.  The  fibres  of  the  oystalline  lens  of 
I  wammalis  exhibit  a  dose  reeembUmce  to  the  jphaeooin  of  fishea. 
P  These  several  albuminous  bodies  do  not  differ  much  in  compositioo,  either  from  each 

n       Otiiflr  or  from  orbinoiy  albomin  (L  67 X  ^  ^be  following  table  will  show :  — 

I  In  the  eye  of  a  horse  which  had  become  blind  by  cataract,  the.  albumin  and  the 

metalbumin  were  found  to  bo  insoluble  in  water,  and  a  number  of  membranes  had 
formed,  nearly  opanue,  and  eaatly  sepamted  from  one  another.  These  membranes, 
when  incinsratedL  aid  not  JeaTS  a  larger  pn^f>ortion  of  ush  than  ordinaiy  white  of 
cgK.     (Valenciennes  and  Fremy,  CorapL  rend.  ilir.  1122.) 

xhe  aqueous  buni our,  which  HILb  the  «pace  between  the  cornea  and  the  ayatalline 
lena,  is  a  mobile  saline  liquid,  having  a  specific  gravi^  of  1*0053,  and  containing, 
according  to  Berzelius,  OS' 10  per  cent,  water,  1*15  chloride  and  lactale  of  aodiam, 
and  0'76  free  soda,  beeides  a  small  quantity  of  albumin. 

The  vitreous  htimoiiris  a  geladuous  liqnirl.  which  fills  up  the  entire  space  behind 
the  crj'fltalline  lenek  It  has  a  saline  taste,  is  colourless  and  transparent,  but  betiomes 
opaline  when  boiled.  It  contains  B8'40  per  cent,  water,  016  alkaline  clilorides  and 
lactates,  and  1-42  soda  and  aaimall  matter  (Berzelius).  The  colour  and  oompoeitioii 
of  the  vitreous  humour  vary,  however,  with  age ;  in  the  iloBtna  it  is  red  and  contains 
blood  ;  in  old  age  it  sometimes  becomes  yellow.  In  the  vitreous  humour  of  a  blind 
horse,  Lassatgnn  found  a  pectUiar  yellow  colouring  matter,  and  8  per  cent,  of  ilbamio. 
(PoloQxe  et  Fr6my,  Traiti  de  Ckimie  t/imiraU,  2—  ^tfoo,  vi.  220,^  293.) 
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TmciUt,    See  ExcitB]airT& 

r  AOnr.  A  substance  found  by  Bnchner  and  Herbertter  in  beech-nuts,  the  fruit  of 
Ji'uffvs  Aj/lvadca,  but  only  imperfectly  eiamiued.  It  is  Baid  to  be  a  yellow  sweetish  mass, 
eacrily  tiolnble  in  water  and  alcohol,  e^^aringly  in  ether,  decompoaed  by  strong  adds 
and  by  dry  distillation,  but  dis tilling  undocomposed  with  the  vapouv  of  water  or  alcohol. 

rAOUS.     See  BlsCH  (L  626). 

YASX-^Z.     See  TBTBaKEDRiTB. 

rABJb WXTS.    A  variety  of  hydrous  dichroite,  2M'0.aiO»  +  2Al*0»,aSiO»  ■»■  8  aq. 
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.     23-9    . 

.    28-07 

100-00 


100-0 


lOO-OO 
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FASSAITE  — FATS. 


(p.  310),  ocpurring  at  Fahlun  in  Sweden.  The  crystal)ia«  form  ia  the  sane  u  Chat 
of  dichroite,  of  which  indeed  it  appeara  to  be  a  pseudomorph.  Specific  gimritv  = 
2-6  to  '2*79.  Somewh&b  harder  thaa  apatite.  Colour  greenish,  yeUowiah,  brownisa,  to 
black-     Lustre  feeble,  percipptible  only  on  tlie  cryBtalliDe  facee.     Fracture  splintery. 

Anaiyee*. —  a.  by   Hiainger    (^AibandL  i.  xysik,  ir.  210^ — b.  Brownish-green; 
c.  Black  ;  d.  Crystallised :  by  Wacntmej«ter,  -Pogg.  Ann.  xiiL,  70), 


an» 

APO*    MnOMn«0»Kc»0>  F«0 

MgO 

CaO     Ma>0      R^O    H^O         F 

«.  i«79 

2678    .     ,    0-43    .     ,  601 

•2-97 

13-60      .     .=   95-48 

b.  43-61 

26-81    1-73  .     .    6-36  .     . 

6-63 

.    .     4-46     0-94  11-66     O-16  =  10113 

e.  44-60 

80-10    .    .    2-24    .    .  3-86 

676 

1-S6      .     .     1-08     9-3«      .     .  =  100-23 

d.  44-95 

30-70    ,    .    1-90   ,     .  7-22 

6-04 

0-95     .    .     1-38     8  66      .     .  =  101-79 

Bonadorffite  from  Abo  in  Finland  (p.  321)  appears  to  have  the  same  oompoeitiao; 
also  pcplolite  ftvm  Sweden  and  pyn^gyllite  from  Helfliogfois.  (B&mmelaher^ 
p.  832.) 

r ABSAZTi:.    A  T&nety  of  angite  from  the  Fasaa  vallej.  Piedmont,  liftna^  a 

grass-p-oen  or  pistachio-green  colour,  with  high  lostre. 

r  ATSt  The  term  Fat  was  originally  applied  to  all  compounds  conatsting  of  carbon, 
hydrogen,  and  a  small  quantity  of  oxygen,  which,  either  at  ordiniiry  temperature* 
form  viscid,  oily  liqnida,  greasy  and  leaving  a  penuanent  stain  on  paper,  or  are  tuo- 
T^rted  into  such  liquids  by  heat,— which  require  a  strong  beat  to  make  them  boil,  and 
then  distil  ovrr  in  a  state  of  complete,  or  nearly  complete  decomposition, — ^bmn  with  a 
bright  flame,  depositing  little  or  no  soot,— and  are  iu»olubte  iu  water,  but  soluble  ia 
alcohol  and  in  ether. 

Fats  were  divided,  according  to  their  various  deffrees  of  ibsibilitj,  into  liquid  /tti 
or  fait;/  oUs,  fxprcsBtd  oils,  or  fixfd  oil*,  whiii,  according  as  they  dry  np  or 
romiiin  greasy  when  exposed  to  the  air  in  thin  layers,  were  subdivided  into  dryiitt 
oits  and  non-drying  oiU,  and  into  solid  fats,  such  as  lard,  tallow,  wax,  apcimaoiti, 
chole»t«rin,  &c. 

Chevreul,  to  whose  fundamental  investigations  we  are  indebted  for  the  greater  part 
of  our  knowledge  of  this  subject,  showed,  nearly  at  the  same  time  with  Braeonnei,  Hut 
fatsi,  as  they  occur  in  nature,  are  for  the  most  part  mixtures  or  eombinatiooa  of  difttMt 
simple  fatsi,  e.  g.  of  olein,  stearin,  and  oiargarin,  in  variablcjproportions,  the  eooctstWH 
and  fusibility  of  the  mixture  varying  accordingly.  He  showed,  moreover,  that 
certain  &t«  (non-saponifiable  fats),  neither  dissolve  nor  undergo  any  other  < 
when  boiled  with#queotis  alkalk,  whereas  most  of  these  bodies  form  eoape  with  i 
alkttlis  and  with  certain  heavy  metallic  oxides;  that,  in  this  process  of  sapomf 
the  fats  do  not  combine  in  their  original  state  with  the  aUudis,  but  that  th«y 
thereby  resolved  into  two  products,  viz.  first,  a  fatty  acid,  which  combinea  with  I 
alkali  and  forms  the  soap,  and  differs  in  its  composition  according  to  the  natnie 
of  the  fat, — and  secondly,  in  most  cases,  the  snbetance  called  glycerin,  whieh 
Scheele  obtained  by  treating  fixed  oils  with  lead>oxide  and  water.  He  shovvd 
that  the  sum  of  the  weights  of  these  two  products,  in  their  utmost  state  of  < 
exceeds  that  of  the  fat  employed,  and  consequently  that  hydrogen  and  oxygen  : 
the  water  must  likewise  contribute,  in  equal  numbers  of  atoms,  to  the  ibrmatioii  < 
product ;  whence  he  concluded  that  these  saponifiable  fats  are  analogous  in  compo 
to  compound  ethers,  via.  compounds  of  various  fatty  acids  with  glycerin  miinu  i 
tain  quantity  of  water,  jnst  as  compound  ethers  are  compounds  of  alcobol  with  i 
tninuff  a  certain  quantity  of  water.  __ 

In  accordance  with  the  investigations  of  ChcTTCuI,  which  have  since  been  eoofiriDed 
and  extended,  the  farailj  of  the  fat«  has  been  broken  up,  and  its  membeia  anti^fd 
according  to  their  chemical  nature,  as  follows : 

1.  Unsaponifiable  FaU. — These  substances  remain  perfectly  mialterBd  Cfm  after 
loDff  boiling  with  aqueous  potash.  According  to  their  compooition,  they  beloDg  partly 
to  tae  hydrocarbons,  such  as  paraffin,  partly  to  the  alcohols,  as  ethal  and  ebolestsoD. 

2.  Fatt^  aeidg  or  StMp  aciiis.-  Obtained  chiefly  by  the  saponificatioo  of  sapottifiabfe 
fats.  They  combine  with  salifiable  bases,  without  any  further  addition,  and  are  eoin- 
pletcly  separated  therefrom  in  their  original  state  by  stronger  acids ;  hence  they 
properly  Iwlong  to  the  class  of  organic  acids,  and  are  in  fact  included  therein.  Ac- 
cording to  their  boiling  points,  they  may  be  divided  into  vdntUe.  fatty  aridt,  as 
butyric,  capric  acid,  &c. ;  onA  fixed  fatty  acids,  as  stearic,  pdmitio,  oleic  add,  &c 

3.  Saponifiafjlf  Fata. — These  fata  do  not  combine  in  their  entire  state  with  alkalis, 
hut  in  contact  with  alkalis  and  with  water  are  gradaally  resolved  into  a  fatty  add 
which  nnitee  with  the  base  and  forms  a  soapy  salt^  and  a  neutral  body,  which,  is  most 
fats  of  thi<t  kind,  is  glycerin,  but  in  some,  as  cerin  and  spermaceti,  is  a  coo-MpooifiaUs 
Ikt. 
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Tb«  nrsoltfl  obtained  by  Cherrcul  hare,  witbia  th^e  but  few  ymn,  been  oonflnoed 
and  extended  by  the  researchei  of  Berthelot,  wbo  baa  abown  tbat  &ta  ina^  be  artifi- 
rullj  produced  by  the  direet  union  of  the  fatty  add  and  glycerin,  vitb  eliminatioQ  of 
I.  2,  or  3  at.  wuter.  The  aatoml  fat«,  >tearui,  olein,  &c.  anftx  the  moet  part  of  the 
thifd  class.     (See  GiTcsaisBS.) 

7AVJASrrs.  A  silicate  occnrring,  together  with  blade  angite,  in  the  nundi>I- 
atvin  of  the  Kuiwrsitiihl  in  Baden.  It  crystalliaes  in  dimetric  octAhedrons,  in  which 
the  angle  of  the  terminal  edgea  is  lll'>  30'.  tbat  of  the  basal  edges  106^  Z(y.  Hard- 
acM  »  6.  Specific  gravity  —  1-923.  Colourless  to  brown.  Fractnre,  vitreons  and 
WMV«n.  Oires  off  water  when  h(>Hfed  in  a  tube.  Intnmeaces  before  the  blowpipe, 
•ad  melta  to  a  white  blebby  enanvl.  Aa  anulysis  by  Damonr  (Ann.  Min.  [4"|  riv. 
-       97)  gare  46-12  per  cent  sUico,  1681  alumina,  479  lime,  6-09  soda,  and  27*02   water 

f      (  -  99-83).   Hence  the  formula  (|Na?o)'-3SiO*  +  2(Al»0».3SiO»)  ^  18aq.,  which,  by 

■ubetitating  al  a  |Al,  and,  considering  part  of  the  hydrogen  as  basic,  may  be  ra- 
dnced  to  the  form  of  a  metasilicato  (M«a;»Il*)Si»0*'  +  17aq. 

X'ATAX.TTS.  An  iron  chrysolite  {Eiemperidol),  Fe»SiO*,  occorring  in  pegmatite 
on  the  M(jurTia  ni'mnlains,  Ireland,  alfio  in  Tolcanic  rocka  nt  Fayal,  one  of  the  Axure 
ialanda.  It  is  trimetric.  cleayabte  in  two  directions  at  right  angles  to  each  other. 
Hardness  -  8-8.  Specific  grarity  =  4*1 1—414  ;  4  006,  according  to  Bolesse.  Colonr, 
black,  greenish  oc  brownish ;  sometimes  irideacent.  Fuses  readily  to  a  black  niagnetie 
globule,  and  is  e&eiiy  attacked  by  aoidj>. 

Analyt0i.—\.  Thumsoa  {Outline*  of  Mineralogy,  i.  461).— 2.  D  el  esse  (Boll.  geol. 
[3]  X.  668).— 2.  RammolBberg  {Mineralehtmie,  p.  435.) 

8»0«      FeO    MtiO  Ai«0»    K»0    MgO    C*0     CuO     Fefl 

1.  Slavcanach,  Ireland  2960  68-73  J  78 a  100]  I 

2.  ,.  „       29  JiO  83  54  607    trace  .     .    030 -    98-41 

3.  Fayal  2827  63  80  .    ,    8-45   .     .   trace  0  46    I  29   3-36  -  100-61 
I»on-chry8olita  has  been  observed  as  a  furmicfl-product  near  Goalar.     A  ?olcsnio 

glaas  or  obsidian  analysed  by  Klaproth  {Beitrdge,  t.  222),  j.-ie1ded  similar  resnlta: 
29-60  8iO»,  6600  FeO,  40  AlK)',  and  026  K*0  ;  but  G.  Rose  considers  it  aa  a  slag. 
(Dana.  ii.  185.) 

»ATBKCB.  The  French  name  for  the  glased  earthenware  used  for  common 
plaJttt,  dislit!..  jugs,  and  other  vessels.     (See  Pottkby.) 

78ATSSK«A,liiraK,     A  name  applied  to  native  hydrated  sulphate  of  alnnuniura 

(AI»)"(S0«)*  +  1 8H"0,  and  to  native  iron-alum  or  hA]otriohitej^"J2SO*  +  12H*0, 

both  of  which  occur  in  delicate  fibrous  crystals  or  masses.     (See  StrLPSATits.) 

rXATHSS-Ofta.  This  name  is  applied  to  the  capillary  form  of  native  siilphan- 
timnnite  of  li-^il,  2PbS,Sb-S»;  but  &s  this  0!iin(»rftl  likewise  occurs  missive,  the  tinmo 
HfteromorphiU  (j.  «.)  proposed  for  it  by  Zincken  and  Rammelsberg  w  preferable. 

rXATBXXS.  The  beard  and  qniU  of  feathers  were  found  by  Scberrr  to 
contMiQ : 

C,  H.  N.  Oaada 

Beard    .        .     62  47     .  ,     7-11     .  .     17-68    .  .    22*44-    99  70 

QuiU      .         .     62-43     .  .     7-21    .  .     17-89     .  .     2247  =  HIOOO 

whence  it  appears  that  the  two  parts  of  the  feather  have  essentially  the  same  compo- 
aition. 

The  ash  of  feathers,  especially  of  birds  which  live  on  ^rain,  contains  a  large  propor- 
tion of  silica ;  the  feathcTS  of  birds  which  live  on  animal  food  or  on  berries  yield  a 
mnuller  tot«l  Amount  of  ash,  and  this  ash  is  also  less  rich  in  silica,  aa  will  be  seen 
from  the  following  table,  containing  the  resnlta  obtained  by  Oorup-Beaanei  (AjulCIl 
Pbarm.  lii.  46;  lxvu321). 

Ib  birdt  living  on:  ^,,,^ 

Seeds      .        .    the  feathers  contain  in  100  pts.    484 
Fish       ,        .  ,.  „  2*1 

Flesh     ....  ..  216 


PeiT«nlau(e  of 
tlltcii  to  the  ««b. 


Insectfly  Berries 


262 


The  feathers  of  old  birds  ftr*«  richer  in  silica  than  those  of  young  ones;  the  wing* 
fMthers  contain  more  silica  than  those  of  the  tail  and  breast. 

The  permanent  cotoors  of  feathers  are  due  to  pecnbac  pigmenta  which  may  be 
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extracted  bjTarioiuaolTenti.  The  beaatiflJ  pky  of  eolonw  whidt  aaaut  ftnthiiri  cditit 
M  the  ligu  fidla  upon  them  at  different  ineideacea,  antes  horn  m  deeonMitkB  of 
light  nnuler  to  that  idiieh  ia  prodooed  bj  mother<>f-peari  and  othar  ataiatea  matbem. 

Aoeording  to  Bogdanow  (Compt.  tend.  xlr.  688 ;  zhi  780)  the  TaOov,  mtm,  filaa 
and  red  pigmenta  of  feathers  of  conatant  tint  are  solaUa  in  aleohoi  sad  ethar;  Uadc 
feathers  contain  a  pigment  (ZoomeUmm),  probably  identical  with  the  Uadc  pggBBenfc  of 
the  cje,  which  ia  inaolnble  in  alcohol  and  ether,  aoloble  in  •"""""^■^  and  potasih,  and 
alightlT  in  water.  Feathers  of  Tsiying  coiaar  yield  green  and  brawn  pigmant^  pe»> 
bably  identical  in  composition  with  the  preoedin^^ 

Feathera  when  heated  emit  a  diaiarterirtie  and  imideaBaot  odosB.  Attotdiag  to 
Orerille  Williama  (Chem.  Gas.  1868,  p.  S09X  they  yidd.  when  aidimitted  to  da. 
Btnictive  distillation,  eonrideraUe  quantities  of  j^nol,  a  miztore  of  Tdatfla  baaM^  and 
a  gas  containing  snlphnr,  whidi  qmddy  decomposes  penndde  of  lead. 

Ooose-feaUiers  boiled  fbr  a  oonsioBrable  time  with  dilute  sobhnrie  add,  yidd 
leucine  and  tyrosine.  The  beard  of  feathers  heated  to  200<'  0.  witii  water  in  aaalsd 
tubea  for  sereial  hours  diasolres  oon^Ietdy,  farming  a  yellowidi  liquid  windi  andb 
like  burnt  feathers,  and  deposits  a  flooculent  pred^tata  (Loy  or  aad  Kellez;  Abb. 
Ch.  Pharm.  IxxzriiL  332). 

Feathers  damaged  by  bending  may  be  oon^letdy  restored  to  di^w  by  dipping  them 
for  a  minute  in  boiling  water,  and  then  in  cold  water  tiU  they  are  quite  cod 
(Bottger,  J.  Fharm.  [3J  xxxiy.  899). 

TBZASVAX.     Syn.  with  Felspjib. 


A  compact  varie^  of  labradorite,  whidi,  together  with  homblan^ 
forms  the  greenstone  of  Siebenlehn  in  the  EniMbiige.  Specific  graTity  —  S-68. 
Contabs  61  00  per  cent  SiO«,  30-60  A1»0«,  176  FeK)«,  11-26  C^O,  400  Ka«0, 1-tt 
water  ( «  99-76).    (Sammeisberg'a  Mineralehemie,  p.  600.) 

TBZiSOBAJi  lixa.    Syn.with  Gibbsitb. 


This  name*  is  applied  to  a  group  of  minerals  which  crystalliae  in  tbs 
moDoclinic  and  tridinic  systems,  and  may  dl  be  represented,  either  aa  silic^es  of 
alumina  united  in  various  proportions  with  silicates  of  the  alkalis  or  alkaline  eaitb, 
or  as  orthosilicatee  containing  aluminium  and  an  alkali-  or  alkaline-earth-metsl, 
combined  (excepting  in  the  case  of  anorthite)  with  excess  of  sib'ca.  On  the  former  nwde 
of  representation,  mey  are  distinguished  £ratn  one  another  by  the  ratio  of  the  oxygen 
in  the  protoxide,  the  dumina,  and  the  silidc  anhydride ;  in  the  second,  by  the  pao-  - 
portion  of  free  silidc  anhydride  associated  with  the  orthosilicate. 

The  following  table  shows  the  oompodtion  of  the  several  «i{nf»mls  of  tiie  idipu 
group: 

Oxygen  ntio. 
Anorthite     .1:8:    4,  Ca''O.Al»0».2SiO»  or  Ca-(Al«)'«(SiO«)»  "  Ca^^AP)-!^ 

Labradorite  .   1:8:   6,  M«OJU«0«.SSiO»  or  M«(Al«)'*(SiO*)"^0«      «  ip^Iw'*!^ 

HyXh^«?i  ^''^''   8.1PO.Al«0'.4SiO«orM«(Al«)'«(SiOr2SiO«    -   i^^^jh|o- 

Oligockse     .1:8:  »,2M«0.2Al«0».9SiO«or2[M«(Al«)'«Si«0^.6SiO«-  i£(?53^y«[o" 

olih^}      »  =  8  =  »2.  ]IPOjU«0«.6aiO'  or  lP(Al«)'«(ffiOr4SiO«  -  j^^Ifij^lo- 

If  silica  be  regarded  as  ®tO*,  and  the  small  atomic  weights  of  oxygen,  dummiua, 
calcium,  &c,  M  »  13-7,  Oa  ==  20^be  used  [@i  a  21 ;  0  =»  8],  the  formulK  beonne: 


Anorthite       .        .   ZCaO.SAPO*AeiO* 
Labradorite    .        .     APO.  Al*0'.2®iO* 

^  pl^e  '^  ^^"^  j  3A^0.3^0'.8g5iO' 


Oligodase  .  .    JfO.^(7«.8€KO» 

Albite  and  Orthodase      MO.JfC^.iBiO'' 


-  T."  Jf  '2f5.*!*"".T'!?"ll?J'  ''•'^'•P*'-/  Jn  Imitation  of  the  Gemum  FeUtprnth,  derived  tnm  Mlt 
«etd ;  but  -  FeUpw."  Hfnifjinf  •  tfn  found  oannek  mjtl,  i>  the  mora  emttt  iftmag. 


'  We  mhaH  ben  deteribe  only  the  two  mineimU  to  which  the  name  felapAr  it  more 
•vpaeialij  applied,  via.  Orthocliu^,  or  Potash-ftltpar,  toA.  AlMt,  or  8oda-/eUpar.  The 
re«(  hsTe  been  or  will  be  d««crib«id  in  Mtnrate  uticlea. 

The  two  Rpecies  of  felspar  jiwt  tiained  u«  distingmshed,  partly  by  their  cryvtAllioe 
forms,  partly  by  tb^ir  chenucaJ  coiapodtiaii,  ortbocUae  bdu  monoclinic,  and  oontainiog, 
for  the  meet  part,  more  potaah  than  aoda,  while  albit«  iatriounic  and  containa  more  aoSL 
than  potaah.  In  one  or  two  rarietiei  ot  ortboelaae  (known  to  be  rach  hv  their  cleaTH^X 
the  proportion  of  aoda  exo»eda  that  of  potaah,  aa  in  ^laaar  felapor  from  Laogenberg 
(Anaiyaia,  15,  p.  620),  and  in  loxoclase;  bat  in  tridinic  felspar,  the  soda  ioTariably 
predominateo,  the  proportion  of  potaah  nefrer  amounting  to  one-third  that  of  the  aoda  ; 
BO  that  it  may  b«  itated  aa  generally  true  that  exoeaa  of  potash  determinfs  the  mouo> 
dinic  and  excess  of  soda  the  tridinic  form.  The  alkali  present  in  the  smaller  proportion 
appeaia,  howeror,  to  hare  some  inflaence  on  the  crystalline  form :  for,  according  to 
observations  of  Breitiiaupt  and  of  Nuomann,  it  appears  that  in  some  varieties  of 
potaah'felspar,  the  iBclinationfl  of  the  axes  are  somewhat  different  from  that  which 
•lists  in  normal  orthoclaso,  so  that  the  forms  pass  into  tho  didinic  and  even  into  the 
tridinic  syat/em. 

Orthodaiic  and  albtte  may  also  be  distingoiahed  to  a  certain  extent  by  their  density, 
that  of  albite  being  for  the  most  part  somewhat  above  that  of  orthocUse ;  bat  this 
ent«non  is  not  very  decided,  inasmuch  as  the  density  of  a  Celspar  may  be  increased  by 
an  angment«d  proportion  of  lime. 

Ortlioclaae.  Common  or  Potash  FcUpar.  lee-tpar.  FeUit*.  AdtJaria. 
Mooiutonf.  Murchuonitf.  Leelitf.  Amavtitf.  Amaxon-ttone.  Sanidin.  Napo- 
UtmiU.  Necronite.  Pegmaidite.  Mikroklin  (Brcithanpt).  VaUncianiU 
(Breithanpt).     Erytkrite  and  PrrihiU  of  Thomson. 

Mimoeiinie.—-Snme  of  the  most  frequently  occurring  forms  are  shown  in^«.  471— 
470.    Batio  of  axes,  a  :  A  :  c  •  1-619  :  I  :  0844  ;  ooP  :  «bP  in  the  orthodiagoual  pnD> 


Fiff,  471. 


#V-47aL 


eipal  saetion  -  fll°  11';  oP  :  ooP  -  87*  44'.  Tha  oystals  are  often  priinnstiai!ly 
rlnngatAd  in  the  direction  of  the  principal  axis  (Jigt.  471,  478)  or  in  that  of  the  dino- 
diasonal  C^.  472);  frequently  aJso  they  assuma  the  tabular  form  from  predominance 
of  Ui«  fcce  [  otPqo  ],  Twin-cry BtaJb  are  of  firequaat  occurrence,  like  tiose  in  /iff».  475. 
476.  for  the  dcBCnption  of  which  see  Crtstaixooiupht  (p.  163);  more  rarely  the 
combination-face  is  parallel  to  the  face  of  a  dinodiagonal  dome  [2Pfle].    aeavage 
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perfect  parallel  to  oP ;  less  perfect  parallel  to  [  odPqo  ].    Oftan  maanwt,  cl»v»ble,  or 
granular,  aomotimesooarBel J  Umelkr.  ,         ^ 

Hardneas  =.  6.  Spedflc  gravity- 2**— 2*62.  Lnstro  vitreous,  wimetimeBincliniBg 
to  pearly  on  the  surface  of  i^rfect  cleavage.  Colonr  white,  grey,  reddish-^iite,  fleeh- 
xod,  greenish-white,  green.  Streak  oncoloured.  Trangparent  to  tiwulucent. 
Fracture  couchoidal  to  aneven. 

Before  the  blowpipe  it  melts  with  difBcolty  to  a  Bomi-tranBparBnt  blebby  gUM  (at 
the  heat  of  the  poitjekin  furnace,  to  a  grwyish  white  frothy  glass).  Aecoidii^  te 
Turner,  numy  altered  felapara  give  a  slight  indication  of  the  presence  of  boric  add-  It 
is  not  attacked  bv  aeida. 

i4««/V*f«.—L  Valentine  Rose  (Scherer's  J.  viii.  244).— 2.  Delease  (Bull.  geol. 
[2]  X.  668).  —  3.  Graelin  (Pogg.  Ann.  botxi.  313).  —  4.  Abich  (ibid.  IL  £28.) 
--5,  Brogniart  and  Malaguti  (Ann.  Min.  [4]  u.  465).— 6.  Plattner  (Pogg.  Ann. 
xlTu299).— 7.  ETrcinoff(rAirf.  Uvii.  421).- 8.  T.  S.  Hunt  (PhiL  Map.  [4]  u  822). 
—9,  10.  Smi  th  and  Brush  (Sill,  Am.  J.  [2]  xvi.  421—11.  Berthicr  (Sammekbfrf a 
MineralckfiMie,  p.  6261.-12.  Rothe  (rWA).— 13  Abi ch(i6irf.).— 14.  G.Bo»e(«4«.) 
—15.  Hchunhsl  (ifjid.). 

Von 
SiO*     AI*(P  F<^0>   CaO^    MkO     K>0   N«K)  br  i|r> 

■Uttun 
\.  C<mmonfeUrnir,homnHt.        .       .    fi6•7^     17  «0      lib      I  Ifi     .     .      1200  .     .     .-   »« 

S    Common  frUpttT,  CltJinioiinlx    .        .    (KM      l<J Ofl    tr*re     0-63     .     .      IQ-M      S-M     .     .  m   mrt» 
3    Co>fw»H/tl»p.>r.e"^^tM^lManAg.    6Vgo      l^4ft     0  44     OSS     .     .       6-U      »U     0>1S  a   m-W 
4.  AtMitrin,  St.  Omhard       .        .        .    Vr$»     )7  9T     .     .      1-84      .     .      !»•»      l-Ol      .     .  s  H 
.*•.  M«mfto*r,  Ce>U»n      .  .    C4  00     19-*»     .     .      0-4!*     0-«      I4SI  .     i'U «  II 

.     6.  VaUneUmiU «««      ITM     0K»      .     -      .      .      I4M      .... 

'  7.  tHeroetm <iA-76     ta  81   tran     I  ao     .    .     14  06     .... 

g.  Pfrlkite 66-44      18-J.N      100     0  67      OM        6-37      »-&6     0  40 

9.  Ckfttertite    ......    &<'75      1760     O-.V)      O-M     0-30      I41"i      1'7»     <>«  =  jn 

10.  LotocUue    ......    65  40     19  4(1     ilb     sas     0-»       2  76     -•»     O-tO  = 

41.  0/d«%/r/>iNir,  Dnehrafeli  .    66-60     IHbO     0-60      lOii     .     .       8-OU     4-08     ..     .a 

]l  GAuty/Wi^iar.  RorkiKk^ll,  Rlfel      .    6&  M      17-61      074     0-19     COS     l4-»      MB     .     .  •• 
tl.  Gtatn/flwar,  Epotneo,  lichia  .    66-73      I7-&6     0  81      t-33      I'M       S'ST      4-|0     .     .  a> 

U.  OUuntfrlipar,  \>iu'1ut    .        .        .    6&  sa      19-It     .     .     O-bO     ,     .  1474  .     ■  s 

l\  O/iMMr  feimar,   Langenbrrf ,    SI9. 

beoxi^lrg 66 S3     1901     CU     076     .     .      6  03     7n     .     .  •  9»ir 

The  formtOa  IPO.Al'O'^iSiO*  reqniwa  648  SiO«,  18-4  A1*0«,  16-8  'K'O  -  100. 

Soda,  as  already  observed,  generally  replaces  part  of  the  potash  and  somotinies  mrn 
predominates,  as  in  loxodase.  Lime  and  miignesia  are  almost  always  present  to  a 
small  amount,  some  glassy  felspars  containing  as  much  as  2^  to  2|  per  cent  of  iime. 
Fdeipur  ul«o  contains  a  small  qoantity  of  phosphoric  acid.  (Po  w  n  e  a,  Ann.  Ch.  Plunn. 
Ix.  laO.^Sullivan.  Phil.  Mag.  [3]  rxvii  161.) 

Thf  different  varietiei  of  fetspar  are  dLstinguiahed  by  their  colour,  lustre,  and  traa*- 
parency.  The  common  subtransluoent  variety,  or  orthodase,  is  the  ordinary  ooosti* 
tuent  of  granite :  it  occurs  in  fine  crystala  at  Baveno  on  the  Lago  Maggiore,  Lomaiti 
in  Silesia,  Carlsbad  and  Elnbogen  in  Bohemia,  Arcndal  in  Norway,  the  Land's  End, 
the  Moume  Mountains  in  Irelaund.  Alabaschko,  and  other  plaoes  in  the  Ural,  near  Rio 
Janeiro,  at  Rossie  in  Sl  Lawrence  County,  New  Tork.  ana  other  localities.  Lotoehtt 
fnnnd  af  Hammond,  in  St  Lawrenee  Cotuity,  N.  Y..  is  distinguiahed  by  more  distinct 
cleuvtige  parallel  to  the  basal  and  clinodlagonal  sections.  8pecifio  gravity  »  2*6  — 2*6} 
(Plattner.)  Ntcronitf  is  a  variety  whi<£  give*  off  a  fetid  odour  when  struck.- C*f«- 
Urlite  is  from  Cbeeter  County,  Pennsylrania. — Adtdaria  is  a  transparent  or  tranaluceat 
variety,  found  in  granitic  rocks.  Lar^e  crystals  of  it  are  found  on  the  St  Gotharl— 
Vatmeianite  is  a  variety  of  adnlaria  from  the  Yalencianamine.  in  Mexico. — Sfoonthiiu, 
from  Ceylon,  is  also  a  variety  of  adularia.  exhibiting  pearly  reflections  when  poUahed— 
Sunstone  is  a  similiir  variBty.  containing  minute  scales  of  oxide  of  iron. — Aventitrn 
feltpar  is  less  pellucid,  and  has  yrllow  and  reddish  internal  reflections. — The  Mttrchi' 
tonite  of  Levy  ia  a  fle«h-rpd  variety  of  febpar  (spedfie  gravity  =  2-61)  occurring  ia 
rolled  pebbles  at  Hfiavitre*.  near  ^C'ter.  —  Amazon-Uone  is  a  verdigrie-gre<rn  varietv, 
eoloarwl  by  copper,  from  Lake  Ilmen. — Leeltle  or  Hetlrjlinta,  ftwn  Oryphyttao,  fa 
Sweden,  has  a  waxy  histrc,  and  deep  fl<'«h-red  colour.—  Variolitt  is  a  daric  green  variety, 
containing  lighter  globular  particles,  from  the  river  I>rac,  in  France  — ^The  Mifrolin 
of  Breitbaupt,  ia  a  variety  of  feL«p.<ir  from  Arcndal ;  the  ErjfthriU  of  Thomson  is  % 
flesh -coloured  felspar,  containing  3  per  cent,  nugneeia,  found  in  amygdaloid.  8peoi2o 
gravity  =  2-541.— The  PerthiU  of  Thomson,  is  from  Perth  io  Upper  Canada. 

All  the  varieties  of  felspar  above  mentioned  occur  in  ro<!ka  of  the  older  fonnatioes; 
g!n»»ft  ftlspar,  also  called  Sanidin  (from  avis,  a  board,  the  crystaL*  being  tabular),  is 
ibund  in  trachytic  and  volcjinic  recks  of  recent  origin  ;  it  has  a  perfect  vitreous  lurtn% 
and  is  traversed  by  numerous  cracks,  A  variety  called  Ice-spar  is  found  in  the  Vceu- 
vian  lavas ;  the  Rhi/acclite  of  O.  Rose  is  aUo  a  glassy  felspar  from  Vesuvius, 

According  to  B  i «  c  h  o  f,  the  mode  of  occurrence  of  felspar,  ond  the  rornerals  with  whi^'h 
it  is  associated,  arc,  in  most  cases,  such  as  prove  it  to  have  been  fonntvi  by  rcacliuti 
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that  bsTP  taken  pla«e  is  the  wet  way,  altboogh  the  posalbility  of  it«  formation  by 
Ibsion  u  mtabiiehed  by  its  ocpuireDce  in  Tiolet-i^lourea  cryMuU  on  tlie  inner  walls  of 
a  smelting  furnace  at  SangoriiauBen.  {Chem.  and  Fhyt.  GtUfffj/,  by  Gastar  Biaehof, 
£ii^  edit.  ii.  162.  et.  »eg.) 

AtttTutiont  of  Felrpar, — Felspar  is  altered  by  the  action  of  water  oontaining  ear> 
hanie  acid  (Forchammer),  or  rendered  acid  by  the  droomiHwition  of  pyritee  (MitBcher> 
lich),  or  containing  alkaline  and  other  ingredients  in  solution,  the  ohange  eonsisting  in 
the  libetraction  of  the  alkali  and  a  portion  of  the  silira,  snd  the  ussumption  of  wafer. 
The  Qltinuit«  products  of  this  alteration  are  hydrat^d  silicutt*i)  of  ulnminium,  \\z.  kaolia 
and  ite  varietiea,  pholeriie,  halloygite,  iamoite,  and  Mf,  and  the  serenU  kind»  of  eiwy. 
The  following  are  analyses  of  partially  decomposed  felspars. 

«.  Orthodaae  fkom  the  porphyry  of  the  Anerbei^  near  Stolberg.  in  the  ILurz  ; 
white,  rather  soft  (Hara melsberg,  Mineraichrvw-,  p. 629). — b.  Deoomposed  orthoclusa 
from  the  granite  of  Karlsbad — e.  The  same  firom  the  syenite  of  Geiaing,  near  Alt*  u- 
bei^  io  the  Ertgcbii^. — d.  The  same  from  the  red  porphyry  of  Itmenau,  in  tijo  Tim- 
xingerwald  (Crasao,  loc.  ciL)'. 


»o» 

A>'0» 

F«^>» 

MnO      CaO 

MfO 

K'O 

Mk*0 

H»0 

CsCO* 

a.  66-26 

16-98 

0-31 

.     .     043 

Oil 

1442 

0-2U 

1  29 

.    .  =  luo 

b.  64  17 

29-93 

1-22 

.     .     0-59 

0-46 

4-67 

0-41 

8-61 

.     .    »     9996 

c.  70-79 

17-09 

1-16 

.     .      U-35 

0'6fi 

6-86 

0-38 

367 

,     .    -    9994 

d.  2317 

7-30 

12-63 

017     .     . 

0-61 

2-12 

()-21 

.    . 

49-46  c     96-67 
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In  a  the  alteration  is  rather  mecbatiical  than  chemtcaL  The  deflciencj  ia  d  is  pro- 
bably due  to  low  of  water  in  the  analyaia, 

Febpar  is  also  gradoally  conrerted  by  loM  of  tiUeft  uid  alkali,  into  mica.  This 
transformation,  first  obMrred  by  O.  Bom  in  the  felspar  cry«tab  of  Lomnita  and 
Hixsehberg  in  Silesia,  has  lately  been  mora  exactly  iDveatigat«d  by  y.  Bath  (Fogg. 
Ann.  xoriii.  280).  In  the  three  following  analyses,  a  is  the  lleHh-red  orthoclase  in  the 
interior  of  the  mass,  of  specific  gravity  2*644,  and  yielding  only  traces  oi  wat4^r  when 
heated.  The  cone  of  weathered  mineral  A,  immediately  surrounding  this  is  greeuiMJi' 
white,  granular,  friable,  of  rough,  uneven  fracture,  and  filled  throughout  it»  muss  with 
•pedis  of  silrerv  loatre;  its  specifiic  gravity  is  2'616.  The  external  layer  c  consists  of 
mica  in  greenish  scales,  which  turn  brown  when  heated  ;  their  specific  gravity  is  2'8t>7. 
Por  aoalysia  they  were  separated  from  intermixed  quartz-grannlm. 


wo* 

A1«0' 

FeHJ* 

C«0 

MfO 

K»0 

N«»0 

liou  by 

ticnIUoo. 

&  06  66 

18-86 

0-46 

0*36 

0-21 

11-12 

3-01 

0-50  -  1011 8 

6.  66  48 

20-34 

1-32 

0-54 

0-30 

9-21 

2-08 

1-34  -  100-61 

0^  49-04 

29-01 

6-66 

0-17 

0-75 

11-19 

0-60 

4-66  -  100-87 

The  Orthodase,  in  changing  into  mica,  parts  with  about  half  its  alkali  and  a  of  its 
•iliea.     {RammeUberg'»  MtneralcJumie,  p.  630.) 

AXMte.     Soda-/et4par.     Cli-avetandite.    Perklin,     Tftartitv.     Kie*tl*path. 

Triclinic.  an  ordinary  combination  being  »^' .  ocfw  .  oP .  F .  f'ao  {fi^.  477\ 
Cleavage  very  perfect  parallel  to  oP ;  less  distinct  pandlel  to  ooPoo  ;  imperft-ct  parallel 
to  F.  Twin  cr>-9tal8  are  frequent,  generally  having  the  face  of  oombinatioo  parallel 
to  oePoo  {Jig.  478)  sec  p.  266  ;  indeed  the  tendency  of  this  mincrul  to  form  twins  is  so 


Fig.  All. 


Fig,  478. 


I 


great,  that  even  cryFtal*  and  CTystalline  fragments  of  apparently  timtile  stmetttie  are 
prneraUy  found  to  eonsut  rf  a  large  number  of  lam  filar  twins,  proaucing  on  certain 
frufturerl  surfjices  strijitinns  which  are  characteristic  of  albite.  The  mineral  likewise 
occurs  InmeDrtT  and  granular,  sometime*  almoit  impalpable. 

Hardness  -  6—6-5 ;  in  some  granulw  varietiea  -  7.  Specific  gravity  -  2'59— J-M. 
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AJ«0> 

F«»CP 

CaO 

UgO    K»0 

Na»0 

MnO 

19-30 

028 

068 

.    .     . 

012 

.          .         B 

97-S4 

19-43 

.     , 

0-20 

•     •     .     . 

11-47 

.          .         » 

lOOlO 

18-71 

027 

0-60 

018  0-65 

11-24 

ttac«  — 

100  (V> 

19-80 

Oil 

024 

.    •    .    . 

9-06 

.     .     =* 

99  89 

18-30 

1-Ul 

1-26 

0-61    2-d3 

799 

igF,.* 

99-89 

21-80 

030 

2-52 

0-20    0-68 

700 

0-6     - 

99  8* 

16-59 

2-30 

0-85 

1-48    0-51 

10-24 

.     .    « 

99-57 

Lnatra,  vitraotu ;  on  the  desrage-facM.  pearly.  Cioloiirleav,  w1ut«  of  Tariooa  dudo^ 
light  red,  yellow,  greva,  &nd  nev.  Streak  imcoloored.  TrADspttrent  to  subtraDslacrnt, 
Practnre  aoerea.  Brittle.  —Before  the  blowpipe,  it  bebATfls  Tonr  much  like  ortfaochuw; 
hot  melta  somewhat  more  easily,  and  ooloors  the  flame  di«tinctjy  yellow. 

Anaiyte».—l.  G.  Bo»«  (Pogg.  Ann.  btxiii.  173).— 2.  Thaalow  {ibid.  idii.  671). 
— 3.  Abieh  (Berg.  u.  hiittenm.  Zeitung,  1842,  No.  19). — 4.   Stromeyer  {Vnta-' 

MucAunfffTiy  p.  300).— 6.  Abich {loc.  cit.) 6.  Hunt  (Phil  Mag.  [4] i  322).— 7.  Eaia> 

melsberg  (Nineraichemu,  p.  620). 

aio* 

1.  CiystaUiaed,  Areodal  68  46 

2.  „  SuGothatd  6900 
^.  „  Minak  .  .  68-4& 
4.  MasBiw,  Chesl^rfleld  70-68 

6.  Peric/m.PmiteUjiria.  68-28 

e.  Perittfritt,  Perth, /       ---n 
Lower  Caaada  {   '  ^®  ^° 

7.  HypotcltriU,  Arendal  67*62 

The  formula  Na»O.Al»0'.6SiO»  Peq&ires  68-7  SiO»,  19-6  A1»0»,  11-8  Na«0  =  100. 

HypoteleriU,  which  ha«  a  specific  gruTity  of  2*6  — 2-66,  and  is  softer  than  albitp.  is, 
acooEOing  to  HammeLsberg,  a  mixture  of  albit«  with  6  per  cant  augite. — A  nhitt* 
BUUBire  felspar  from  the  St.  Gothard,  containing  nearly  equal  qtiantitia  of  potash  and 
■odft  (67-39  SiO*.  19-24  Al'O*.  0-31  CaO.  061  MgO,  6-77  K*0.  and  6-28  NaH)), 
appears  to  be  a  mixture  of  albite  and  ozthodase. 

Albite  often  replaces  orthocluie  as  a  constituent  of  granite;  in  other  instances  it  is 
associated  with  otthodsse,  as  in  Fompej's  pillar,  and  may  then  be  distinguished  by  its 
Boperior  whiteness.  The  aTbite  granites  are  often  repositories  of  sereral  of  the  gnnits 
minerals,  e.  g.  tourmalin,  beryl,  and  sllanite.  Albite  is  aModated  with  pearispv  in 
the  Tyrol,  where  it  occurs  in  kt^e  traant>&i^nt  crystals ;  with  epidota  and  garnet  at 
Arendul ;  with  eudialyte  and  hornblende  in  Greenland.  It  is  fbeqnently  one  of  the 
^  Oojistituents  of  syenite  and  green.<itone.     (Dana,  ii.  240.) 

Soda-fetspars  yield  more  rapidly  than  potiish'felspars  to  the  decomposing  action  of 
water  containing  carboaic  acid ;  and,  accordinpiv,  Mr.  Sterry  Hnnt  finds  in  the  mart 
recf  nit  crystalliae  or  metamorphic  rocks  of  Canada  "  a  lessdoTelopment  of  soda-felspar, 
while  orthoclaae  and  mica,  chlorite  and  epidote,  and  silicates  of  alumina,  like  chiarto- 
lite,  kyanite,  and  etaurotide  (which  cod  tain  but  little  or  no  alkali,  and  are  rare  is  the 
older  rocks)  become  abundant"  He  coueeires  the  carbonate  of  sodinm  rasoltiog  from 
the  deeompcksition  of  the  albite  luid  simitar  minerals  of  the  older  rocks,  to  hare  reacted 
with  the  cnloride  of  calcium  which  existed  in  large  proportion  in  the  paliEOzoic  ocean, 
thus  giving  rise  to  depoiits  of  carbanKte  of  calcium,  and  to  the  chloride  of  sodinio 
which  sea  water  now  contains.     (Proc.  Geol.  Soc.  Lond.  Jan.  6,  1859.) 

Green  Felfpar  of  BodenmatH.—This  miiierBl  which  occurs  associated  with 
mitgnetie  pyriteiB,  quarts,  &c,  exhibits  on  the  desTage^faces  the  striation  of  th* 
fcriclinic  febpan:,  and  has  a  (>pecifie  gravity  =•  2*546  —  2*549  (Kerndt),  2-604 
(Potyka).  Heated  in  splintsrs  before  the  blowpipe,  it  melts  to  a  blebby  glass,  and 
eoloun  the  flame  reddish-yellow.  Contaioi,  according  to  Potyka  (Pogg.  Ann.  eyvi 
363): 
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whence  Rammelsberg  {Mineralvhemie,  p.  616)  deduces  the  formols  f»  H.[2SiQ*4 

AlKP.afiKO*— which  is  of  the  form  MK).Al«0«.6SiO^,  or  M»(Al»)»<(SiO^)«  3SiO».    Tit 
mineral  is  perhaps  a  new  member  of  the  felspar  group  (p.  618),  intermediate  in  comp^il 
sition  between  ohgoclase  and  orthoclase,  between  which  it  aI.so  stands  with  teganl  to 
its  density. 

#EZ.BPATHZC  kocma.  Felspar— chiefly  orthoclase  and  its  varieti«»— enter* 
info  th*"  composition  of  a  p-cat  number  of  rocks.  Granite  consiBts  of  felspar  (ffurnhx 
orthoclaso).  quartz,  and  mica,  cryst-allised  promiscuously  together.  V*y^ttit*  " 
graphic  ^jTiinite.  GiuriM  h«s  the  Btime  composition  as  granite,  but  exhibits  tiaa 
of  lamination.  Mica  slate  is  similar,  but  with  a  distinctly  foliated  structure.  & 
is  a  fine-grained  granite,  containing  pyrites,  from  the  neighbourhood  of  Bensof  i 
UraL  S^evitr  resembles  granite,  but  contains  hornblende  in  plaoa  of 
Protoginr  i»  a  talc  granite. 

Dolerinr  is  a  gnetsKoid  rock  in  the  Alps,  conatlttng  of  felsptr  and  twh,     GraniiiUt, 
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Etintf,  or  Lrphfin'te  ia  agmmlmr  eomponad  of  felspar  and  quarta,  sometiraM  with 
garnet.  Hon\ftU  and  Cornuhianite  kIso  consist  of  quartz  and  felspar.  Pj/rfomtiU 
eoDsistb  of  felspar  and  lamellar  pyrvxeoe.  PyrQTnrridr  i&  a  granitoid  rock.  cont«iiuiig 
thickly  disaeRunatcd  spberulee  of  a  felapatbic  rock,  mixed  with  qiuuts.  Mia*ciU  ia  a 
graoular  slaty  rock,  consbting  of  orthocJase,  mica,  and  el8Dolit«,  aometimrs  with  qtiarfa, 
■ibtt«,  and  hornblende. 

Porphyry  oon«uita  of  a  compact  fi^kpathic  base  {eornitf.  or  porpkvHte),  tntennixed 
trith  enrstals  of  A'lspar  (orthocLaae,  oligodaw,  or  labradorite).    See  Fouviixnr. 

CUmJutoTU  or  Phonolitc  is  a  compact  felspathic  rock,  of  sreyish  colour  and  smooth 
tectere,  clinking  under  the  hammer  somewhat  like  a  metallic  ore.  TrachyU  is  similar 
JD  eolosr  and  constitntion,  bnt  has  a  rough  surface  of  finicturc  Domite  ta  a  greyish 
Mlthy  ▼Eriety  from  the  Puy-de-Dome. 

Pmmee  is  a  porous  felspathic  scoria  from  Tolcanocs. 

7Viq>  or  Greenttoiu  is  a  dark-heary  hlackish-greeD,  green,  or  brownish  rock,  coc- 
•istiiig  of  felspar  and  hornblende.  ^Hien  albite  replaces  orthoclasc,  the  rook  is  called 
dhriU,  Basalt  (i.  6181  is  a  similar  rock,  oonsistii^  of  felspar  (generally  labradoritc) 
vith  angite,  olivine,  magnetic  iron  ore,  and  a  xeolite.  MeriU  {p.  343),  is  similar  to 
taw  It,  but  does  not  contain  olivine,  or  generally  aeolitea.  Anam«*iUi  is  a  flne-grainM 
toek,  similar  to  basalt,  in  which  labradorite  predominates.  Wacke  is  an  earthy 
Tuiety  or  a  rock  consisting  of  basaltic  earth  or  sand. 

I^ttrotUfx,  or  AdinoU,  is  a  com^iact  impure  feJspar,  like  the  base  of  porphyries. 
ObaidiaM  or  volcanic  glass,  is  sometimee  impure  glassy  felspar,  sometimes  a  mixture  of 
fielBpar  and  augite,  with  chrT6olit«  and  much  iron,  &c^  according  to  the  nature  of  the 
lava  from  which  it  is  formed.    (See  Obsidun.) 

PUckstone  and  Pearlsione  are  felspathic  mineraU,  containing  aeeas  of  silica,  like  the 
spherules  of  pyromeride,  porphyry,  &c.  Bavtite  or  Krnhlitf  (i.  622)  appears  to  be  a 
siliceous  felspathic  mineral  r«lated  to  these  concretions :  it  forms  the  basis  of  tlie 
trachjle,  obsidian,  and  pitcbstone  of  Iceland.     (Dana,  ii  246.) 

fWMMKStf  OZK  OF.  The  essential  oil  of  common  fennel  (Ftmirufum  vuJtjart  or 
./<fi/<AM»i /(mi<?«/tfwj)  is  identical  with  oil  of  anise  (i.  ^QT).  The  oil  of  bitter*  fennel 
(?  of  Phellandrium  aquaitcum)  is  a  mixture  of  two  volatile  oils  differing  in  boiling 
point  (I  200). 

rBBOTTSOSrZTB.  A  rare  mineral  from  Xikertanrs&k  in  Oreenland,  discovered 
by  Hartwall  (K.  VeU  Acad,  Forh.  1&28,  p.  167),  further  examined  by  Weber.  It 
crystallises  in  quadratic  sphcnoidB  (p.  Iftd)  with  imperfect  deaviige,  parallel  to  the 
pyrsjnid  of  the  primary  form.  Hardness  =  56 — 8.  Spec.  grav.  —  6-838  (Allan), 
6'8&0  (Turner).  Lustre,  duU  extemaly,  brilliantly  vitreous  and  submetallie  on  the 
fraetOKd  surface.  Colour  brownish-black  \  in  thin  scales,  pale  liver-brown.  Streak 
pale  brown.  Subtranslucemt  to  opaqiUL  Fracture  imperfect  conchotdal.  Infusible 
before  the  blowpipe.  With  fluxes  it  malts  with  difficulty,  forming  glasses  which 
appear  yellow  while  hot>  The  glass  formed  with  phospbonis-mit  appears  reddish  in 
the  reducing  flame ;  when  saturated  with  soda  it  yields  globules  of  tin. 

The  mineral  is  a  hrpontobate  (originally  regarded  as  a  tantalate)  of  yttrium  and 
eerium,  containing  also  nreonic  and  stannic  acids,  us  shown  by  the  following 
aniilyses,  a  by  Hartwall,  h  by  Weber : 

Nb*Os  SnO-  ZrO" 

a,         47-76         100         3-02 

^        A.         48'84         0-36         693 

From  Weljer's  analysis  we  may  dediica  the  formula  M''0(ZrO«;  SnO')-f  2(il''0. 
N  b^O*  (.     {Rammtisbtrg*a  Mintralohemif,  p.  401 .) 

rSKMSITTATXOJr  and  VirrSZl'.&CTXOir.  (Berzelius,  BerTc.  Jahr««ber, 
%x.  454,  — Liebig.  Hiiudw.  d.  Ch<'m.  iii.  217.  —  Schwann,  Pogg.  Ann.  ilL  184. — 
HelmhoU,  J.  pr.  Chem.  xixi.  429.— Doppiag  and  Strove,  iftS.  xli.  266.— 61oo> 
desin,  J.  Pharro.  [3]  xii.  244,  333.— C.  Schmidt,  Ann.  Ch.  Fbsrm.  bti.  128;  cxxvi. 
126. —  Pasteur,  Vimnu  Femuntation,  Ann.  Ch.  Phys.  [3J  Iviii.  ^23;  JaicU/us  Frr- 
m^tatwn,  ibid.  liL404;  Jahrcaber.  f.  Chem^  1867,  p.  510  j  18o9,  p.  553;  Muccvs 
i^Vmuntoitem,  Bull.  See.  Chim.  1861.  p.  30;  Spontantov*  JDecompotition,  Ann.  di. 
Pbm  [3]  Ixiii.  6.— Gm.  viL  96;  iv.  266.) 

Certain  organic  compounds,  when  exposed  to  the  action  of  air,  water,  and  a  certain 
temperature,  und<>rgo  uecomposition,  oonsisting  either  in  a  slow  combustion  or  oxida- 
tion by  the  surrounding  air,  or  in  a  new  amagemcnt  of  the  dejnents  of  the  compound 
in  different  piuportions  (often  with  assimilation  of  the  elements  of  water),  and  the 
eonfi'Ljuent  formation  of  new  products.  The  former  process,  that  of  slow  combustioD, 
ia  called  Ermuieaun*  or  £kc^,  and  has  b««n  already  considered  (p.  497);  the  latter  is 
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called   Pittrrfaetion  or  Ftrmentaiion,—^virrfaeiicm,  when  it  is  accornpMJcd  by 
offensive  odour,  fermentation  when  no  sttoh  odonr  is  evolved,  and  espodallr  if  th. 

Ccesfl  rrsnlta  in  the  formation  of  naefUl  prodnrta ;  tbiiii  the  decompjoaition  of  a  dwd 
y  or  of  a  quantity  of  blood  or  urine,  ie  patrefaction ;  that  of  grap«-jaice  or  maJt^wozt^ 
which  yields  alcohol,  is  fermentutioa. 

In  the  processes  of  ferrnentation  and  putrefaction,  oifianic  componnds  of  a  higher  order 
are  resolved,  sometinteo  into  lower  organic  compoonda,  sometimes  into  inorganic  cocn- 
pounda,  as  carbonic  arid,  water,  amrnonift,  or8iilnhiir8ttedhydrogen,BometiititM  into  aiiDple 
substances,  as  hydrogpn  and  nitrogen  ga8«fl.  In  man^  fomientationa.  none  of  the  aborr- 
mentioned  gam  are  evolved  ;  in  fact,  tboy  go  on  without  any  evolution  of  gaa.  The 
afflnitiee  which  tend  t-owards  the  formation  of  organic  compounds  of  a  lower  order,  or 
of  inorganic  products,  are  douhtlesa  strvnger  than  those  by  which  tha  original  subataikM 
in  held  together;  and  this  circunutance  is  probubly  oonnectod  with  the  erolutioa  of 
htfat  which  accompanies  fermentation,  and  may  b«  partly  the  cause  of  the  spoBtaneots 
eombuation  of  or^ganic  hodiea. 

Fermenting  and  putrefying  substances  generally  have  a  tendency  to  abstract  oxygtn 
from  the  air  and  otiier  bodies.  Hence,  when  fermentation  takes  place  witJi  free  access 
of  air,  it  is  accompanied  by  eremacausis  on  the  sorfaee  of  the  organic  irabstaoce. — 
Putrefying  substances  redace  sulphide  of  iron  from  ferrous  snlphate.  The  wans 
fermentation  of  indigo  is  likewise  a  process  of  the  same  nature. 

The  substances  most  disposed  to  patrefaction  are  numerous  compounds  rich  in 
nitrogen,  viz.  the  albuminous  or  protein  substances,  such  as  albumin,  fibrin,  casein, 
emoleiii,  legumin,  gliadin,  glutin,  &c,  and  gelatinous  sabstances,  such  as  mcml 
consisting  of  gelntiu  and  other  tissues,  glue,  chondrin,  &c.  On  the  other  hand, 
are  other  compounds  rich  in  nitrogen,  such  as  uric  acid,  the  alkaloids,  indigo,  Ae? 
which,  of  themselTM,  at  leasts  are  not  capable  of  putrefying,  and  even  some  sutwtaacM 
belonging  to  the  dus  of  protein-oompounds,  hut  of  a  coherent  nature,  such  as  hair, 
horn,  and  bard-boUed  albumin,  are  sasoeudble  only  of  a  slow  decay.  The  fotmer 
eompoands,  od  the  contrary,  require  only  t£«  prCMnce  of  wator  and  the  aoceos  of  sir 
at  the  commencement,  to  bring  them  into  «  state  of  de«ompoeitton,  which,  on  aooroot 
of  the  offensive  odour  which  accompanies  it,  is  especially  denoted  by  the  term  putre&e- 
tioQ.  Since  aaimalis  are  mainly  composed  of  these  substances,  they  are  especially 
liable  to  this  putrid  decomposition  ;  hut  many  8e(>ds  of  plants,  mosses,  &c,  whioh  an 
likewise  rich  m  protein-KiompouDds,  are  also  liable  to  pass  into  the  state  of  stinking 
putrefaction.  Tne  had  smell  which  accomnanies  putrefaction,  proceeds  partly  (nm 
inorganic  compounds,  such  as  sulphnretted  hydrogen  and  ammonia,  partly  from 
newly  formed  volatile  organic  compounds^  the  nature  of  which  is  not  exactly 
known. 

Of  other  organic  compounds,  there  are  but  few  which  are  brought  into  a  state  of 
fermentation  or  putrefaction  by  contact  with  air  and  water,  so  long  S8  gelado  and 
albununoufl  compounds  are  ejccluded.  Urea  dissolved  in  a  very  lai^  quantity  vi 
water  is  very  slowly  resolyed  into  ammonia  and  ciirbonic  acid  ;  dilute  aqueous  solutioos 
of  many  vegetable  acids,  and  more  especially  of  their  ammoniacal  salts,  also  of  sn^, 
gum,  and  starch,  are  decomposed  with  formation  of  mouJd. 

But  many  substances  incapable  of  fermenting  per  ae,  undergo  that  change  when  la 
contact  with  grlutinous  or  albumitioas  compounds;  and  those  which  are  capable  ti 
fermenting  alune  ferment  more  quickly,  or  with  formation  of  different  pxodncts,  when 
they  are  brought  in  contact  with  these  compiounds.  Many  compounds,  however— those, 
namely,  which  consist  wholly  of  carbon  and  hydrogen — ure  ineapable  of  fermeatiBg^ 
even  under  these  cireamstances.  As  gelatinous  and  albuminous  compounds  excit« 
fermentation  in  other  Kubstances,  they  are  oaUed  Ferments,  and  the  compottuds  whieb 
are  brought  into  tlie  fermenting  state  by  contact  with  them  are  odlea  FemumUiU 

Albumiuous  and  gelatinous  compounds  sometimes  excite  fermentataoD  in  other  sub* 
stances,  f^ven  when  they  are  in  the  fwgh  8tiit«,  aa  they  eii«t  in  plants  and  animals ;  — 
sometimes,  on  the  oontrttry.  they  muHt  be  exposi-d  to  the  air,  so  as  to  brinp  them  inlir 
a  state  of  incipient  putrefaction,  before  they  will  act  as  ferments  upon  other  bodieai 
and,  in  this  case,  it  is  often  foond  that  they  will  bring  another  rabstance  into  diA 
states  of  fermentation,  according  to  the  particular  stage  of  decompoeitioa  whieh 
have  themselves  attained. 

The  aciueoiis  solution  of  swlicin  or  amygdalin  would  probably  remain  unaltered  fori 
long  time,  if  left  to  itself;  but  the  emulsion  of  almonds  (Syna'pfnar)  ailded  in  its  u 
tered  state,  just  as  it  exists  in  recently  prepared  sweet  almond-milk,   decwnp 
salicin  into  glucose  and  ealigenin,  and  amygdalin  into  glucose,  bitt(>r-almond  oil  an 
hydrocyanic  acid. — In  black  mustard,  the  addition  of  water  induces  the  fbrmatioo  rf 
volatile  oil  of  mustjird,  in  consequence  of  the  action  of  the  emulua-like  substaaoc  < 
tained  in  it  on  the  myronic  add  which  it  also  coDtaiu. 
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Fixed  oils  Appear  to  paw  into  a  state  of  raucid  putrefat'tlon  onlj  wlieo  an  albonunous 
eomponnd  ia  mtxed  with  them. 

Starch  boiled  to  a  paate  with  waf«T,  and  then  left  to  itaflf  in  adoae  reaael  for  eorne 
weeka,  ia  in  great  part  coDverted  into  ghi<?oa*»,  with  evolution  of  carbonic  anhydride 
and  hydrogen;  but  in  contact  with  gluten  at  60*  C.  the  starch  of  the  paate  ia  cooTerted 
into  glucose  in  eight  honra ;  lastly,  if  the  gluten  has  previooaly  passed  into  that 
pecahar  condition  in  which  it  eiiate  as  germinated  gluten  or  diaatate  ux  malt,  it  effecta 
thia  eonverBJon  nf  the  etarch  at  60°  C.  in  less  than  an  hour. 

A  dilute  aqueous  solution  of  glucose  or  cane-sugar,  which  remains  unaltered  when 
alone,  or  only  forms  a  httle  mould  and  mucus  after  a  long  time,  may  be  brooeht, 
aeeonling  to  the  nature  of  the  ferment  and  its  stage  of  decomposition,  and  according 
to  the  temperature  and  dilution  of  the  solution,  into  three  different  st&tes  of  ferment- 
flttko  ;  whereby  it  is  coorerted  either  into  lactic  end  then  into  butyric  acid  (Lactovs 
and  Butyrous  Ftrnientation), — or  into  a  mucous  substance  allied  to  gum,  and  generally 
at  tlw  same  time  into  roannite  (Mueout  Fermentation), — or  reeolTed  into  carbonio 
anhydride  and  alcohol,  together  with  amall  quantities  of  snccinic  acid  and  glycerin. 
(  Vinoua  Ftrmtniation,) 

The  pntreftction  of  albuminoiu  and  gelatinons  rabstADoei  ia  prerented  by  a  varietj 
of  circamatances,  which  likewise  interrupt  ita  farther  progresa  when  it  has  alreadj 
"begun.  The  same  drcumstaneea  likewise  prevent  or  interrupt  the  fermentation  of  an/ 
fermentable  matcrinls  that  ma j  be  mixed  with  the  ferment  Among  theee  dienm- 
atances  are  the  fullowing ; 

1.  ElxcJtigion  of  the  air. — Keeping  the  substances  in  a  racuum,  in  water  firee  from 
air,  in  hydrogen,  nitrogen,  carbonic  aahydride.  and  other  gases  which  cannot  furnish 
oxygen  to  the  nitrogenoua  aubstancea,  or  corering  them  with  oil,  butter,  taUow,  wax,  or 
reain. — Wood  immersed  in  the  depths  of  lakes  and  peat^-m  oases,  where  no  oxygen 
alworbed  from  the  air  can  reach  it,  because  it  is  intercepted  on  the  way  br  organic 
antatancea  diiFused  through  the  water,  remains  unaltered  for  thousands  of  yean*.^ 
Thia  exclusion  of  air  may  prevent  incipient  putrefaction,  but  does  not  UHually  interrupt 
the  progress  of  that  which  has  already  begun.  According  to  Schwann  and  others 
(p.  626),  exclusion  of  air  acta,  not  by  intcrceptinjj  oxygen,  but  by  prerentiiig  the  ad- 
mission of  the  germs  of  microscopic  plunts  and  animals  diffused  through  the  air. 

2.  i>rvn«J.— Perfect  dryneaa  prevents  every  kind  of  fermentation  or  putrefaction, 
and  seldom  allowa  even  of  slow  combuation :  e.  g.  the  preservation  of  wood  for  three 
thousand  years  in  Egyptian  tombs,  where  it  has  been  exposed  only  to  the  action  of 
tolerably  dry  air. 

8.  Frrrzinci  temperature. —^Ff tin  in  the  solid  stale  is  quite  inactive,  and  does  not 
allow  fermentation  or  putrefaction  to  go  on ;  but  even  at  a  few  degrees  above  0"  C, 
certain  kinds  of  fermentation  do  not  take  place,  and  others  are  very  slowly  produced. 
All  kinds  of  fermentation  and  putrefaction  appear  to  take  place  most  readily  between 
20°  and  40°  C. — Mammoth*  have  remained  tindecompoaed  for  thousands  of  years  in 
the  ice  of  Siberia, 

4.  Boiling  hi  at  prevent*  incipient  fernientation,  and  completely  stops  that  which  hn» 
already  brgun,  either  becaune  ail  ferments  nre  altered  by  it,  in  a  Bimikr  manner  to 
albumin,  which,  when  boiled  hard,  is  scarcrly  susceptible  of  putrefaction  ;  or  because 
it  kill*  the  microscopic  plants  and  animnl>«  and  their  germs ;  or  frr>ra  both  cause* 
together.  Fermentation  prevented  or  interrupted  by  a  boiling  heat,  does  not  recom- 
mence after  eooBng,  if  the  air  be  perfectly  excluded,  becanse  either  oxygen  or  living 
germs  are  required  to  produce  new  ferment 

On  this  principle  is  founded  Appert's  process^  by  which  easily  decompoeible  artidea 
of  food  and  drink,  such  as  meat,  fish,  vegetables,  milk,  &e.,  may  be  preserved  for 
years, — viz,  by  packing  them  in  air- tight  bottles  or  soldered  tin-cases,  heating  the 
Teasels  for  several  hours  in  boiling  water  and  keeping  them  eawfully  closed.  To 
explain  this  action,  we  may  either  cnippose,  with  Liebig,  that  the  ^mall  quantity  of 
oxTgen  contained  in  the  enclosed  air  is  taken  up  by  the  organic  matter,  without  being 
•ble  to  produce  fennent  at  that  temperature,  or,  with  Schwann,  that  the  microscopic 
organisms  are  killed  by  the  heat. 

If  the  air  be  admitted,  the  bot]e<l  ^nbetance  passes  again,  after  a  while-,  into  tha 
fermenting  state. — If,  however,  grape-jdce,  milk,  meat  &^-i  h*  exposed  once  a  day  to 
a  boiling  heat,  without  being  protected  from  the  air,  and  the  small  quantity  of  repro- 
duced ferment  thereby  rendered  inactive,  before  it  has  time  to  act  upon  the  reat  of  the 
maaa,  fermentation  may  be  prevented  for  any  length  of  time, 

5.  Antiputrfscfnt  or  Antitrpiic  Suistancet. — By  the  addition  of  various  substaneea, 
organic  an<l  inorganic,  fermentable  bodies  are  deprived  of  their  tendency  to  fermen- 
tation, and  ffmifntntion  alroady  corament'ed  is  interrupted. 

Tlieae  ant i putrescent  bodies  probably  act  in  various  ways: 
a.  Thev  abRtract  water  from  the  fermentable  substance. 
Vol.  li.  8  8 
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b.  They  form  with  it  a  compoand  leaa  liable  to  fermentation. 

e.  Tfa«y  decompose  the  ferment  in  such  a  manner  as  to  deprive  it  of  its  Undaejlo 
fairmontaticm. 

d.  They  take  from  the  snmiaxKliii^  air,  and  abo  fivm  the  ferment  alzeadj  nmriissj 
by  it,  the  oxygen  required  for  fermentation. 

<■.  They  probably  kill  the  fiiagi  and  infosoria  and  their  genna. 

The  action  mentioned  in  a  ia  probably  ext-rtad  by  powoered  aogar  in  eontaet  with 
neat  and  fresh  cnt-up  Teget^bles  ;  the  solntion  of  so^  thereby  formed  ia  too  si 
to  ferment.— a  And  fi  together ;  The  stronger  mineral  acids,  aoch  as  Bulpburic  add.  i 
ferric  sulphate,  meretiric  clilonde,  and  other  salte  of  heavy  ni<>tals ;  also  tannin  i 
creosote. — c.  Chlorine,  pemitric  oxide,  and  chromate  of  potassiam, — d.  Probably  J 

phurous  acid ''.  AnaeniooB  aciil,  mercuric  cliloride,  and  si-TerHl  other  of  the  BnhabH 

abote  mentioned.     Arsenioiu  acid  and  mercoric  chloride  kill  fongi  and  infoflotia ;  < 
wnniea  only  the  hitter. 

7%forifs  of  Fermentation.— 'Bi/espectiDg  the  exciting  cause  of  fermentation  and 
putrefaction  two  opposite  yiews  are  entertained ;  the  one  attribotilig  thaM  rhaiy 
entirely  to  the  action  of  chemical  and  physical  forces,  the  other  aoppofillg  that  toiey 
cannot  take  place  withont  the  intervention  of  living  oiganiams,  vul  fmgi  and 
infuHoriiL. 

Id  inquiring  into  the  exciting  cause  of  these  phenomeoa,  there  are  two  pwiwifiil 
conditions  to  be  taken  into  account 

1.  The  pretence  of  a  nitrogftiout  bodt/. — It  is  only  nitrogenous  compoonds,  such  is 
albumin,  gelatin,  ^.,  thut  are  subjeiet  to  spontaneons  fermentation  or  pulrefactioa. 
Organic  compounds  containing  only  carbon,  hydrogen,  and  oxygen,  do  not  fexment 
except  when  in  contact  with  nitrogenous  bodies. 

2.  CoHtact  urith  the  air. — This  condition  is  necessary  for  the  commenoenKnt  of  tfas 
procesa,  but  not  for  its  continuance.  A  body  once  brought  into  a  stat^  of  fermeotatioB 
or  putrefaction  by  contjict  with  the  air,  continues  to  ferment  or  putrefy  when  after- 
wawis  excluded  from  the  air,  provided  there  ia  a  sufficient  amount  of  nitroj 
matter  present  The  juice  of  the  grape  does  not  ferment  while  enclosed  in  the 
skin  of  the  fruit ;  but  the  slightest  puncture  which  admits  the  air,  esosea  fen 
to  begin,  and  the  procesa  wul  then  go  on  even  in  a  vessel  filled  with  carbonic 
dride  or  hydrogen,  and  hermetically  sealed. 

From  these  circumstances,  Borselias  and  Liebig  conclude  that  the  eiriting  etam 
of  fermentation  and  putrefaction  la  to  be  found  in  the  oxygen  of  the  air.     Hie  lrita»> 
genoufli  matt4?r,   by  contact  with  atmospheric  oxygen,  undergoes  a  change  of  i 
liitioru  by  which   the  equilibrium  of  the  attractive  forces,  which  hold  its 
together  is  disturbed,  and  new  compounds  are  fnrmed :  this  alteration  of  am 
in  the  atocna  of  the  elements,  produces  a  moti^in  in  the  compound  molecule 
nitrogenous  body,  which  motion  is  transferred  from  ono  molecule  to  the  next;  i 
thin  manner  the  decomposition  is  propagated  throughout  the  whole  of  the  nib 
body. — Further,  when  a.  nitrogenous  substance  in  thu«  8t.ite  of  decompositioti  t 
contact  with  another  substance,  such  as  sugar,  which  would  not  ferment  by  iU 
movement  by  which  the  elementary  atoms  of  the  former  are  affected,  is  also  ' 
ferred  to  the  contiguous  atoms  of  the  latter,  causing  the  elementary  Htoms  in  its  ( 
pound  molecules  to  enter  into  new  combinations;  and  in  this  manner,  the  ' 
substimee  is  made  to  resolve  itself  into  new  products.     (Liebig.) 

It  appeors,^  howevor,  firom  the  observations  of  many  expcrimenterfi^  and 
from  the  recent  elaborate  researches  of  Pasteur,  that  fermentation  is  never  czdtsd 
except  under  the  influence  nf  microscopic  organisms,  and  moreover  that  each  paitieilltf 
organism  sets  up  a  peculiar  species  of  fermentation. 

According  toSchwann,  the  air  contains  the  germs  of  microscopic  plants  and  animals ; 
and  when  tnese  germs  find  a  fitting  soil,  such  as  is  offered  by  various  nitrcweooos 
bodieii,  they  devdop  themselves  therein,  producing  fiingi  and  inrasoiia,  which  wa,  ii 
a  munner  not  vet  explained,  induce  the  fermentation  of  sugar,  Ac 

It  appearasJsofrom  the  experiments  of  Schwann  and  of  Helmhols,  that  airwhidi 
has  been  passed  through  a  red-hot  tube,  and  thereby  freed  from  the  geriBOS  of  Uviq 
organisms,  cannot  induce  fi^rmcntation  or  putrefaction  in  nitrogenous  b^ea,  and,  c 
sequently,  that  oxygen  alone  is  not  sufficient  to  bring  nitrogenoos  matter  into  the  t 
dition  of  a  ferment. 

Blond eam  also  finds  that  fermentation  in  all  its  forms  depends  on  the  develo^ 
of  fungi.  Alcoholic  fermentation  is  excited  by  one  particular  fungns  (Tbiwrfe  u., 
visia) ;  lactous  fermentation  by  another  {PmicUUum  glaucum).  The  latter  ftfiMO' 
tation  takes  place  after  the  former,  when  a  mixture  of  30  grammes  of  sugar  and  10 
erms.  yeast,  vrith  200  cub.  cent,  water  at  the  temperature  of  about  26°  C,  is  left  to 
it*elf  for  some  time,  after  £he  termination  of  the  vinous  fermentation  (whidt  is  com- 
plet«>d  in  about  two  days).    Beer>yea8t  mixed  with  a  little  water  and  left  to  itself  ia 
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*  daric,  moist  plac#,  vas  foimd  to  contain  g«rnis  of  Tbrtmla  otrt^Uim  tnd  PminlUum 
ataueum  ;  when  the  liquid  wafi  filtered,  the  former  of  theae  romained  on  the  filter  uad 
oroogbt  a  solution  of  Hugtir  into  the  Nt»to  of  xHjioos  fermeiitatiou  ;  but  the  Utter  b«iiig 
extremelT  rdaII,  ran  through  the  filter,  and  the  filtrate  brought  sttgHr^vater  into  the 
Mate  of  LMtom  fermentation.  Acctoiu  fermentation  depends  on  the  derelopment  of 
ThrwJa  attti.  TIm  conTeraioQ  of  aitrogunout  Babstancea  into  £at  (f.  g.  of  easeu  in 
tba  prepantion  of  Roquefort  eheeae,  and  of  fibrin  onder  similar  circiunatanoee),  which 
Btoadeaa  distinguahea  bj  the  term  faUjf  or  adipie  Fermmtation  (Jermtniatum 
mdaf«*iM:),  ia  proaoced  bj  Penicitiium  glaucum  or  Thnnda  viridia ;  and  in  butyroiui 
fenneotadon  and  orinoos  fermentation  (the  conToraion  of  area  into  carbonate  of 
ammonia),  the  action  depends  on  the  development  of /Vntci^/tttni^/aucuni.  (Blondoau.) 

Against  this  view  Liebig  raiaea  the  following  objections : 

BeipT-jeatit,  which  is  suppoecd  by  Schwann,  Tnrpin,  and  other*,  to  consiat  of  ftugi, 
doea  not  possetts  the  composition  of  true  fon)^,  but  of  gluten.  It  has  oeTcr  jet  been 
■pceified  in  what  manner  these  microscopic  organisms  effect  the  decompooition  ot 
fermentable  substancee.  Are  the  products  of  fermentation  and  potrefaction  the  excre- 
ments of  these  living  beings,  to  which  the  fermentable  substance  serTes  as  food  ?  Or 
do  these  organisms  transform  the  original  fermentable  sabetance  into  new  compounds 
({■odiietB  of  fermentation)  bj  an  ext«mal  exertion  of  their  Tital  force  f — If  rinous  fer- 
mentation were  a  consequence  of  the  more  perfect  development  of  fiingi — as  we  might, 
perhaps,  suppose  to  be  the  case  in  the  fermentation  of  beer  and  wine  —  beer-yeast 
ought  not  to  bring  sugar-water  into  a  state  of  fermentation,  inasmuoh  t»  the  sugar- water 
contains  no  nitrogenous  matter  whidi  ean  serve  as  food  to  the  fungi  composing  tha 
veaat,  but  on  the  eontrary  these  fungi  disappear  during  the  fermentation. — Sugar- wat«v 
IS  likewise  brought  into  the  state  of  vinous  fermentation  by  contact  with  dieese  or 
almond-milk,  though  in  this  case  no  fungoid  bodies  are  developed  like  those  of  the 
vinoas  ferment,  as  in  the  preparation  of  beer,  or  the  fermentattoo  of  gmpe-jutce. — In 
tbooaaods  td  cases,  no  infusoria  ean  be  detected  in  putrefying  cheese,  blood,  urine,  or 
.bilA,  or  they  do  not  make  their  appearance  till  the  pum>&ction  has  gone  on  for  some 
time :  hence  they  cannot  be  the  cause  of  the  putrefaction,  but  are  merely  developed 
fi\>m  gems  axistang  in  the  air,  be<Muse  these  ^tpnax  fisd  nourislunent  in  the  patrefyuur 
aubstance.  It  is  true  that  they  tboo  accelerate  the  decomposition,  because  they  feed 
upon  the  organic  matter,  and  convert  it  by  their  vital  action  into  carbonic  acid,  &c. 
When  they  have  thus  consumed  all  the  notriment,  they  die,  and  serve  as  food  for 
isAisoria  of  other  species.  All  this  may  take  place  when  the  air  has  access  to  the 
potxefying  substance,  but  bodies  which  putrefy  out  of  contact  of  air,  cowdung  for 
example,  never  exhibit  infusoria,  which,  in  fact,  would  be  killed  by  the  8ulphureU«)d 
hydrogen  evolved  (Liebig).  Liebig  alse  nm»x\.t  {Bandvmrttrbuck  dcr  C'k^mif,nL 
817X  that  in  the  fermentation  of  milk,  when  that  liquid  is  left  to  itself  for  a  while  in 
Teasels  containing  air  and  bound  over  with  blotting  paper,  till  fermentation  and  for- 
mation of  lactic  acid  are  completely  established,  not  a  tmoe  of  vegetable  growth  can  be 
detected.  Ke  moreover  observes  that  in  the  stiuiy  of  fermentation,  attention  hat  been 
too  exclusively  directed  to  the  vinotts  fermpQtMioo,  and  eonduaions  of  too  great  gene- 
rality have  bei>n  drawn  iVom  the  phenomena  observed  in  tlmt  parttcular  process, 
whereas,  the  explanittion  of  vinous  fcrmoDtation  ought  nither  to  be  deduced  fimn  the 
■tudj  of  fennentation  In  thd  more  general  sense. 

C.  Schmidt  (Ann.  Pharm.  Ixi.  168X  is  also  of  opinion  thiifitnpi  are  not  the  pnm9 
novers  eitiier  in  tixinous  (p.  634)  or  in  vinous  fermentation.  He  finds  that  the  clear 
filtrate  obtained  by  throwing  aknonds  beaten  up  with  water  on  a  wetted  filter,  soon 
brings  urea  and  grape-sugar  into  the  ftrmenting  state ;  ajjd  in  the  latter  case,  the  fer- 
mentation may  bo  in  full  play,  altiiough  no  trace  of  yeaot-cetls  is  discernible  by  the 
microscope,  these  cells  not  appearing  tiU  afterwards.  If  the  saccharine  liquid  be  left 
to  itaelf  for  a  week  or  a  fortnight  after  the  completion  of  the  fermenting  process,  the 
^nps  of  cells  contiune  to  grow  in  it,  though  no  putrofkction  takes  place ;  the  fiingi, 
if  wasLBd  and  then  introduced  into  a  fresh  solution  of  ^pe-eugar.  (irow  in  it  vigor- 
ously, but  exdte  only  feeble  and  transient  fermeotatioo,  if  any :  hence  it  appears  that 
the  growth  of  these  pbnta  is  but  a  secondary  phenomenon  in  fermentation. 

R.  Wagner,  howev*>r  (J.  pr.  Chem.  xlv.  241),  observed  the  simultaneous  oceui^ 
rence  of  fermentation  and  formation  of  yeiut-oeUs  under  the  conditions  described  by 
Schmidt. 

On  the  whole,  the  question  as  to  the  exciting  cause  of  fermentation  and  putrefaction, 
cannot  be  considered  as  quite  decided ;  the  balance  of  evidence  appears,  however,  to 
l>e  in  favour  of  the  view  which  regards  the  action  of  liriug  oiganisms  as  essential 
to  the  eommencemeot  of  these  processes,  as  will  appear  from  the  details  given  in  the 
frtUowing  articles  relating  to  vinous,  lactous,  and  mucous  fermentation ;  but  it  must 
etiU  be  admitted  that  we  know  nothing  whatever  of  the  mode  of  action  of  theae 
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yzRHtEXTTATIOWt  ACBTOTTS.  The  convemon  of  alcohol  into  «ect!e  iod 
hy  atmospheric  oxidation,  is  rather  a  casA  of  eirmacHiina  than  of  ferm^Dtatioii,  tad 
tnny  tAkfl  plscfi  under  tbo  in^uence  of  platinum -black,  and  other  finely  diTided  sob* 
stances^  wnich  facUit-ate  the  trani^fer  of  oxygra ;  bat  as  it  is  greatly  scoeleiBtedj 
the  prea«nce  of  uittogpnous  matter,  and,  according  to  Mulder,  of  &  peciiliKr  f 
plant,  the  Myeodftma  Vini^  it  ia  uaually  called  Acfttnu  Fermmiation  (i  8). 

Under  this  head  may  ako  be  mentioned  the  cocvereion  of  citric  and  tartaric 
into  acetic  acid  and  some  of  its  homolognea,  in  contact  with  yeast  or  pntrefying  t,_ 
and  a  base,  and  even  by  mere  exposure  to  the  air  (i.  995).  Pasteur  (Compt  rend, 
hri.  416;  R6p,  Chim,  pure,  1863,  p.  221)  has  lately  ahowii  that  tartrate  of  calrium 
mixed  with  a  few  tfaouaaadth  parts  of  phosphate  of  ammonium  and  fixed  alkaline  or 
earthy  phosphates, — when  immersed  in  thoruoghly  de-aeruted  water  and  rigidly  pre- 
serred  from  contact  with  the  air,  may  be  thrown  into  a  state  of  actiye  feroientatiOD  bf 
the  introduction  of  a  very  small  quantity  of  the  inftisoria  produced  by  the  RNOtaneooi 
fermrntation  of  tartrate  of  calcium  in  contact  with  the  air.  The  Lnftuona  mnltaidy 
rupidiy  at  the  expense  of  the  tartnite  which  in  a  few  duys  disappears  entirely. 

riB»WmrrATXOg,  AX>COHOI.ZC  or  VZVOVS.  The  clear  jnic«  of  vu- 
chariferous  plants  containing  glucose,  C*H'K)',  left  to  itself  in  contact  with  the  air  tX 
temperatures  between  20  and  24*^  C,  becomes  turbid  after  a  few  boor*,  girea  off 
carDonic  anhydride,  becomes  warmer  than  the  surrounding  air,  and  remains  in  a 
■tate  of  traoBformation  from  48  hours  to  Beveral  weeka,  according  to  the  tempeiv 
ture,  the  amount  of  sugar  present,  and  the  nature  of  the  nitrogenous  matters,  tal,  ia 
fi&ct,  the  whole  of  the  sugar  is  decomposed.  As  soon  as  the  cvulution  of  carbonic  add 
is  terminated,  a  substance  previously  suspended  in  it,  the  ferment  or  yeast  {lorwla 
eerevisia),  separates,  partly  carriiid  upwarila  by  adhering  gaa-bubble«,  partly  downward*, 
learing  the  liquid  dear,  which  then,  in  place  of  the  migar,  containa  alcohol,  cly- 
cerin,  and  succinic  zkcid.  The  yeast  formed  in  this  process,  if  introduced  at  MNNt 
the  sume  temperature  into  a  moderately  dilute  solution  of  pxire  sugar,  induces  Ikenn 
also  tho  deeompoftitjon  of  the  sugar  into  the  same  products. 

The  formation  of  these  products  is  repreaeated  by  the  following  equationa : 


Glucose. 


2C«H«0 

AIcohoL 


2C0« 


bolt     I 
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and  49C«H"0«   4-   SOH-0  «=   I2C*H«0«  +    72C*H«0«   +    80CO*.    (Pasteur.) 

By  far  tlie  greater  part  of  the  sugar  is  resolved  into  alcohol  and  carbonic  anhydtidi^ 
only  about  4  or  6  per  cent,  being  converted  into  succinic  add  and  glycerin.  His 
formation  of  succinic  acid  in  vinons  fermentation  was  first  observed  by  C.  Schmidt  in 
1847,  and  was  communicated  by  him  in  a  letter  to  Li  ebig  (Handw.  d.  Chem.  iiL  2U\ 
The  formation  of  glycerin  in  this  proeeae  waa  discovered  by  Pasteur. 

Amylic  alcohol  is  also  frequently  produced  in  the  fermentation  of  sugar,  and  under 
certain  circumstances  tritylicjtetrylic,  and  according  to  Faget(?)  hoxylie  sleohoL 
(8e«  Alooboi^,  i.  98.) 

Cane-augar,  C"H**0",  does  not  undergo  vinous  fermentation,  till  under  the  infloeiiM 
of  a  peculiar  substance  in  the  yeast,  or  of  a  snbetauce  contained  in  the  kernel  of  fruits, 
it  has  been  converted,  with  assumption  of  1  at  H*0,  into  glucose.  C'*H'*0**  (see  Scoaa). 
MiUC'Sngar  is  &l»o  converted  into  alcohol  under  the  influence  of  putrid  casein  or 
glutin,  and,  under  certain  circumstances,  of  yeast,  the  formation  of  the  alcohol  bstsf 
preceded,  according  to  some  observers,  by  the  oonversion  of  the  milk-cogar  ato 
gkoose.    (See  Milk-sdoab.) 

Solutions  of  sugar  cont4tining  glutin  altered  by  the  process  of  germinatioo  or  of 
maahing.  uuder^  on  standing  an  irregular  fermentation,  which  however  may  b« 
rendered  reguhir  by  the  introduction  of  a  small  quantity  of  yeast«  Such  is  the  esse  is 
the  fennent4ition  of  beer-worts  (Ure,  J.  pr.  Chem.  xix.  183).  When  albominoot 
Bubstaucea,  glntio,  casein,  or  substances  of  like  nature,  are  introduced  into 
tions,  and  the  liquitb  are  exposed  for  some  time  to  the  air,  somstimea  Tinou 
tion  takes  place,  aometimes  another  kind  of  decomposition.  ^^^ 

A  sugar-fiolntion  mixed  with  yeast  fermentsi  immediately,  but  the  juice  of  gi4|fl| 
and  other  fruits  requires  access  of  air  to  bring  it  into  the  fermenting  state.  ^W 

Air  previottsly  heated  to  redneaa  cannot  induce  fermentation  in  a  solution  of  tanr, 
which  ha*  been  mixed  with  yeast  and  then  boiled,  because,  for  the  commencement  of 
the  procera,  either  unboiled  organic  matter  or  unignited  air  which  can  supply 
th«  TegietablejKennfl  is  necessary  (Sehwann,  Pogg.  Ann.  xli.  187;  Ure,  J.  pr.ChMn. 
xix.  187).  Wine-must,  boiled  and  enclosed  iu  a  bladder,  does  not  ferment  eren  if 
■uapended  in  fermenting  mni^f..  It  appears,  indeed,  that  the  aoeeaa  of  a  solid  body  from 
the  air  is  ewentiaJ  to  vinou»  fermentation,  so  that  oxygen  gas  evolved  from  water  by 
Alectrolyms  is  incapable  of  bringicg  boiled  grape-juice  into  the  fermendng   lUM 
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(Helm bole,  J.  pr.  Chem.  sxxl  434),  The  fanaeot  of  Lbe  air  maj  likeviM  b«  re> 
t«ioed  hy  Hitratioa  through  cotton ;  coosequently  sweet  maJt^wort  is  contact  with 
filtwwl  air «ioM  not  ferment  even  for  weeka.  (Schroder  and  Duach,  Ann.  Ck  Fharm. 
Luxix.  332.) 

Fre«b  grupe-juice  which  fau  never  come  in  contact  with  atmoephoric  air,  anffen  no 
alt«ratioa  for  jroan  whoa  kept  over  mercoiy  at  a  tempeFatore  between  26*^  and  28°  C. 
If  ozjgeD  gaa  prerioosl  j  beatod  to  reda«sa»  or  filtered  through  cotton  b«  brooght  in 
conteet  wiUi  it,  the  juice  iftcr  some  hoara  beoomee  darker,  absorbs  the  oxygen  and 
glTea  off  carbonic  anhjdride,  but  no  fermontition  takes  place  even  after  a  long  time. 
Common  air,  inasmuch  oa  it  contains  bodies  capable  of  forming  yeaatooella,  or  the 
yeaatK^ils  themselves  (even  such  as  hare  never  been  in  contact  with  the  air),  can  set 
up  Tiboas  fcnnenttttion,  the  continuation  of  which  is  promoted  entirely  bj  the  growth 
of  the  yeast-cella.    ^Van  d  en  Broek,  Ann.  Ch.  Fharm.  cxv.  76.) 

The  fungi  difflasea.  over  the  turtaco  of  fruits,  leaves,  and  fruit-stalka,  likewise  iiniuca 
fermentation  in  saccharine  liquids.  If  to  a  fcrmentAble  fruit-juice  mixed  with  sugar, 
there  be  added  2  measures  of  water,  the  whole  nolently  and  continuously  shaken,  and 
the  liquid  which  has  become  specifically  lighter,  set  aside,  the  cells  of  the  fungi  rise  to 
the  surface,  and  there  give  rise  to  formation  of  moold,  but  no  fermentatioo  tikee  place 
within  the  liquid.     ^H.  Hoffmann,  Ann.  Ch.  Pharm.  cxv.  228.) 

If  the  motes  floating  in  the  air  are  collected  iu  ootton  or  aabestoe  eootaioed  in  » 
tnbe  through  which  the  air  is  drawn,  and  introduced  into  sugar-solutions  which  have 
been  well  boiled  and  cooled  again,  and  are  mixed  with  the  mineral  and  albuminoidal 
constituenta  of  yeast,  the^r  develop  into  m/usorui  uidmvcHliiua,  even  if  only  ignited 
air  has  aceeaa  to  the  liqmd.  Sugar-solutioas  mixed  with  the  same  yea«t-conatituenta» 
bat  not  contitining  this  dost,  undergo  no  alteration  between  28°  and  30°  C,  not  evea 
when  cotton  or  asbeetoa  alone  is  iatroduced  into  them.  The  same  liquid  remains 
ttnaltered  if  boiled  in  a  ^ass  flask,  the  neck  of  which  is  bent  so  that  no  dust  can  fall 
into  it,  the  fiask  Wing  anerwardi  left  uodosed.     (Pasteur,  Compt  rend.  L  303). 

The  better  a  saccharine  liquid  ia  adapted  for  the  nutrition  of  yeast-cella,  the  mora 
eawOy  will  they  be  developed  (from  the  above-mentioned  bodies  in  the  atinosphere)^ 
when  air  haa  access  to  the  liquid.  Thus,  vinous  formentation  is  almoet  always  set  up 
when  the  clear  filtered  wash-wster  or  the  decoction  of  yeast  (which  contains  the  soluble 
mineral  and  albumiuoid&l  constituenls  of  that  substance)  is  mixed  with  sogar-solntioa 
and  left  to  itself  (as  observed  long  ago  by  Colin) ;  it  is  frequently  also  acoompanicd  by 
lactone  fermentation ;  hat  the  latter  very  seldom  takes  place  aune,  unleos  the  wash- 
water  of  previously  altered  yeast  ha*  been  used.    (Pastear.) 

The  vinoos  fermentation  of  sugar  is  likewise  induced  by  the  pecnliar  ferment  of 
madder  (Schonck'a  erythroTym)  in  contact  with  air,  especially  if  this  substance  is  in 
a  state  of  decompo«ition.  A  mixture  of  carbonic  anhydride  and  hydrogen  is  evolved, 
and  the  liquid  after  14  days  contains  alcohol,  acetic  acid  (perhaps  also  formic  acid),  a 
■mall  quantity  of  sucriuic  acid,  and  a  sweet  brown  uncrystallisable  bodv,  probably 
glycerin,  but  no  lactic  add.  Thr  same  effect  is  likewise  produced  by  the  brown  prt*- 
eipitate  formed  by  adding  a  small  quantity  of  hydrochloric  acid  to  an  aqueous  inftuion 
of  madder  after  it  has  been  rendered  alkaline  by  lime-water.  (Schunck,  J.  pr.  Chcni. 
lxiiL222.) 

Yeastconsists  of  very  small  mii'roscopic  round  or  egg<ahaped balls (Lenwenhoeck, 
Cagniard  do  Lalour),  of  j^  nini.  aiameter  (Blondean).  Theee  balls  an  vege- 
table cells  (Cagniard  de  Latour),  with  elastic  waDa,  filled  with  a  liquid,  and  a 
•oft,  homy  maaa,  which  latter  is  at  first  attached  to  the  walls,  but  extends  to  the 
middle  aa  the  cell  grows.  Young  cells  are  transparent,  and  almoet  destitute  of 
gtmntUar  contents  (Mi  t!icherlich,  Pasteur).  ThL>fce  coIIb  multiply  by  gemmation 
(Cagniard  de  Latour,  Mitacherlich):  the  newly-fomiwl  c*"lls  do  notaeparate 
from  the  central  cell  till  they  have  altoiQed  to  nearly  the  samesiie  (Pasteur).  They 
always  remain  isolated,  and  never  form  ramifications  or  elongated  oella,  like  thoee  ai 
Isctous  ferment.     (Blondeau.) 

According  to  Cagniard  de  Latour,  Turpin,  and  Mitseherlicb,  yeaet-cells  also  increase 

S'  bursting  and  dififbsing  their  granular  contents  through  the  liquid,  the  granolee 
en  developing  into  cells.  Schloesbeiger  and  Pasteur  did  not  obeenre  this  mode  of 
formation,  which  is  likewise  inconaiateot  with  the  uniform  siae  of  the  free  yeast  cells. 
Yeast  contains  cetlnlotie,  fat,  nitrogenous  and  minemi  subetaAces.  See  analyeee  of 
veast  by  Payea  {Mhn.  df*  Sawmtt  itraiufeT$,  ix.  32):  Dumas  (7Vat<i  dt  Ch»mU)\ 
Mitscherlich  {Lrhrb.  4  Aufl.  370);  Shlossborger  (Ann.  Ch.  Fharm.  IL  193). 

The  yeast  depoaitod  in  the  vinous  fermentation  of  beer,  of  diabetic  urine,  of  grape- 
juice,  or  other  natural  fruit  juicea,  is  invariably  of  the  same  compositioo  ((iuevenn^ 
J.  Fharm.  xxiv.  265).  In  commercial  beer^yeabt,  the  cell«  of  Tfrimt^  otrtvm4$  and  of 
Prntcillium  glaucmn  may  be  distinguished  by  the  aid  "f  the  oticroeoope.  Theae  two 
fungi  may  l>e  separated  one  from  tho  other,  by  wu^liiiig  and  filtration,  the  larger  eella 
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©ftJie  Thrvula  remaiaing  on  the  filter  (and  exciting  vinoM  fcnnentation  when  intf*- 
duced  into  sugar  Bolntban),  whilp  the  mnaller  cells  of  the  Peniciltium  pans  tlmragfa  th« 
tiiter,  and  conaequently  the  filtj&t*  excites  lactic  acid  fermentatioa  in  rogar-«olntioDiL 
(Bloudeau.) 

On  tbo  diBtinction  between  top-  and  bottom-yeast,  see  the  article  Bkkk  (L  629) ; 
aleo  Mittcherlicfa  (Fogg.  Ana.  Ux.  94).  R.  Wagner  (J.  pr.  CThem.  xlv.  241);  oB 
beer-jeaet  in  general,  Colin  (Ann.  Ch.  Phys.  xxx.  42). 

Fermentation  takes  place  only  when  the  solution  is  sufficiently  dilated  with  wat«l^ 
with  less  than  4  pto.  wHter  to  1  pt.  sngar,  it  takes  place  but  imperfectly  or  not  at  all, 
pHTtly,  perhaps,  becaose  the  resultine  alcohol  precipitates  the  nitrDgenoiu  substanco, 
deiitroyB  the  fenneDtatiTe  power  of  the  yeast,  or  renders  the  liquid  unfit  for  ita  further 
development  If,  on  the  other  hand,  the  liquid  is  too  dilute,  the  fermentation  is  siuw, 
irrt>gular,  and  easily  pusses  into  acetous  fermentation.  Moreorer,  it  ia  neoessaxy  that 
the  yea£t  be  in  direct  contact  with  the  sugar-solution :  a  solution  of  angar  contained  in 
a  bladder  »u»peude«l  within  n  fermenting  Ujouid,  does  not  ferment,  but  mereljr  takea  up 
ft  little  ulcohDl  by  division  (Helmhok).  When  a  tube  plugged  with  filtering  papor 
and  containing  yeast  is  introduced  into  a  sugar  solution,  this  solution  paasea  tlirougli 
the  paper,  and  ferments  within  the  tube,  but  not  outside  (Hitscherlica,  Ami.  Chun. 
Fhys.  [3]  rii.  7,  30),  When  a  solution  of  sugar  contained  in  a  test-tube  is  sefMuated 
into  two  parts  by  a  cotton  pli\g,  and  yejist  is  introduced  into  the  npper  part,  this  part 
ferments,  but  not  the  lower,     (H.Hoffmann,  Ann.  Ch.  Pharm.  cxv.  2'28.) 

An  increase  of  yeast  taken  place  in  fermentation,  when  the  liquid,  in  addition  to 
augar  contains  a  nitrogenoua  aubstane?.  When,  on  the  contrary,  preast  is  left  in  con- 
tact with  a  pure  solution  of  sugar,  it  diminishes  both  in  weight  and  m  fermeoting  pow«T 
and,  in  the  end,  becomes  totally  inactive.     (Payen,  Qaerenne.") 

In  the  fermentation  of  pure  sugar  solutions,  the  yeast  first  increases  in  weight  nod 
then  diminishes ;  because  it  first  asaimilatea  the  eonustitnents  of  sugar,  and  gires  then 
np  agiun  as  the  fermentation  pro^reasea.    (Quoven  n  e,  J.  Pharm.  xxviL  593.) 

Yeast  may  grow  and  increase  ut  sugar  solutions,  if  they  are  mixed  with  amrooiUMil 
salts,  yeast-ash,  and  a  trace  of  yeast,  fermentation  then  also  ensuing. 

Tmst  grows  and  multipliesin  pure  8Ugar  solutions,  as  well  as  in  such  as  hare  been  mixed 
with  albumiuoua  substances.  In  the  former  case,  all  the  yeast  celk  are  found  at  tfa« 
end  of  the  farmentation  to  be  deprived  of  their  soluble  nitrogenous  constituents,  which 
have  been  used  for  the  formariou  of  new  yeast  cells;  in  the  second  cas©  there  arefouad, 
lopether  with  the  exhausted  cells,  a  large  number  of  newly-formed  oeUa  filled  with 
soluble  mineral  iind  albuminoidal  Mubstances.     (Pasteur.) 

Sugar  solutions  containing  a  sufficient  quantity  of  yeast  ferment  completely  in  tvo 
or  three  weeks,  unless  lactous  fermentation  takes  place.  But  an  extremely  pK>tnie(«d 
fiTinentation  ensues  when  yeast  is  mixed  with  excess  of  sugar.  In  this  case  the  yoirt 
lives  at  the  expense  of  the  soluble  nitrogenous  Bubstanoes,  and  after  these  are  used  np, 
the  younger  cells  continue  to  grow  at  the  expense  of  the  older.     (Pasteur.) 

Dnring  fermentatioo,  part  of  the  yeast  is  resolved  into  soluble  products  (Th^narJ). 
The  yewt  recovere<i  from  pure  sugar  soluttons  after  fermentation  is  less  rich  in  nTtro- 
pen  than  the  original  yeast,  partly  because  its  weight  has  been  increased  by  Thr  ad<ii- 
tion  of  non-nzoti.Hed  matter  from  the  sugar,  partly  becanse  a  portion  of  its  own  nitn>- 
geoous  substance  has  passed  into  the  solntion.  On  the  other  band,  it  contains  move 
cellnloee  and  fat  than  before  ferment«tion,  which  substances  have  therefore  been  fomed 
from  the  sugar.  The  yeast  formed  in  sugar  solutions  mixed  with  ammonia-salts,  jetit* 
ash,  and  traces  of  yeast-cells,  contaias  fat.     (Pasteur.) 

The  nitrogen  of  yeast  is  not  converted  into  ammonia  during  frnnt^tation ;  CB 
the  contrary,  any  ammonia  that  may  be  added  disappears  wholly  or  partially, 
(PtiPteur.) 

When  sugar  solutions  are  fermented  with  a  very  large  excess  of  yeast,  the  fbrDstico 
of  alcohol  and  carbonic  acid  goe,«i  on,  even  after  ail  the  sugar  is  decomposed,  at  the 
exjjense  of  the  non-azotiwed  matter  of  the  yeast,  so  that  the  amount  of  these  two  p«- 
ducts  obtained  is  more  than  equivalaat  to  that  of  the  sugar. 

Yeast  loses  a  conniderable  portion  of  its  fermputing  power  by  ppessure,  and  still 
more  by  washing  with  water.  After  thorough  dryinj;,  its  power  of  exciting  fimaeD- 
tation  IS,  for  the  most  part,  destroyed  ;  this  statement  is  opposed  to  that  of  Cagniard 
(U-  Irfit<iur.  It  hkowis*  becomes  inactive  wb<*n  hefttc«d,  either  alone  or  with  tnter. 
Dried  yeast  excites  fermentation  even  after  cooling  by  poh'd  carbonic  add  (Cagniard 
de  Latour).  Yeast  crushed  on  the  grindstone  no  longer  exdte«  fcnnentatiua 
(Liidersdorff,  Pogg.  Ixvii.  409),  or  only  after  a  considerable  time  (Wigner); 
it  then  excites  lactous  femientation  (C.  Schmidt).  Yeost  altervd  by  too  lo&K 
continued  putrefitction  is  ina<"tive ;  but  if  the  putrefaction  has  been  less  prolong 
it  may  be  checked  and  converted  into  fermentation  by  addition  of  snear  (SchIos»- 
berg  er,  Ann.  Ch.  P\»rm.\i.  'l\V\.    The  fermentative  power  of  yeast  is  destrojfd  ty 
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•11  smbetAttCM  which  (>x»rt  a  pnisonons  action  on  fungi,  but  not  by  such  as  km  Rnim«l« 
(Schwann.  Mitacherlich,  J,  Pharm.  [3]  ir.  218).  Yeart  rorinkled  with  aloohol 
loMw  it*  fiTmentatiTe  power,  which  ia  not  f-ransferred  to  the  aJcohoL 

Tl)*  action  of  yoai<t  on  angar  i»  prevciited  by  too  great  con wDlration  of  the  solution, 
whether  dup  to  alkaline  chloridea,  gelatin,  glycerin,  or  sugar  (Bert helot,  Ann.  Chim. 
PhjB.  [3]  1.  352).  Strong  mineTBl  »e\ch,  added  eren  in  smuU  quantity  prerent  the  fer- 
mentation,  pho«phoric  acid  alene  acting  favourably.   (Wagner,  J.  pr.  Chem.  i1t.  241.) 

VasacSirrA.TIOW,  AatrODAXOtra.  The  eooTeraioa  of  amygdalia  into 
bitter  almond  oil,  hydrocyanic  acid,  and  glucoaa,  under  the  infltten««  of  emolain  or 
fynaptaae  (L  201 ). 

rsBunnrTATZOK,  aimrxovB.    Sec  Febmsktatiox,  Lactous. 

WWnnrTATIOW.  Oi^I.X.OITa  or  TAHVOVS.  A  aolntion  of  tannic  add 
expoetid  to  the  air,  givea  off  carbonic  anhydride,  and  ia  convert«d  into  gaUic  acid : 

CH^O"  +  0"  =  SCTI-O*  +  eCO*  +  2IP0. 

Tajuik  mUL  Gallic  acid. 

According  to  Staa  (Ann,  Ch.  Pharm.  xxx.  205)  and  Strecker  (ibU.  zc  SM\ 
glncoae  is  formed  at  the  some  time : 

2C"H«0'*  +  8H«0  -  6C*H*0*  +  C'^H^". 

WiA  pure  tannic  add  the  action  ia  extremely  slow,  but  in  infnuioa  of  gnlla,  wUcb 
contain!  the  nitrogenona  matter  of  the  gall-nuts,  it  takea  place  quickly ;  atilT  more  to  m 
gidl-nats  merely  moiatened  with  water.  The  change  may  be  regarded  aa  a  fermen- 
tation proceaa,  loasmnch  aa  it  is  stopped  or  retarded  by  antiaeptic  auhstancea,  such  aa 
alcohoC  wood-yinegar,  creosote,  and  corrosive  aablimate.  According  to  Robiquet,  the 
fermentation  is  excited  by  tiie  t>cct&»fl  of  t!ie  gaU-nuta,  which  at  the  aamo  time  coo- 
Tertu  the  pect/isp  cont-ained  in  them  into  pectin. 

nERMEITTATZOn'r  XnACTOira*  When  a  solution  of  glucose,  eane-«ngar.  or 
milk-sugar  is  mixed  with  freah  sour  cheeee,  or  with  milk  and  chiUk,  and  the  mixture  ia 
expoeed  to  the  sun,  or  to  a  temperatnre  of  26*^  to  Z9^  C.  for  lome  weeka,  with 
frequent  stirring  and  renewal  of  the  water  aa  it  eraporatM,  the  sugar  ia  converted  into 
lactic  acid,  and  ultimately,  with  evolution  of  hydrogen  and  carbonic  anhydride  into 
butyric  acid,  the  acid  uniting  with  the  lime.  Aa  hictate  of  calcium  is  much  leaa  soluble 
than  the  butyrate,  the  oonveraioa  of  the  former  into  the  latter  may  be  recognised,  when 
strong  BolntionB  of  sugar  are  used,  by  the  diminution  of  the  crystalline  maaa  produced 
at  first. 

Since  glucose  and  milk-sugar  contain  C'*H*^0",  and  cane-fliigar.jdiffen  from  them  by 
only  1  at.  water,  the  conversion  of  these  BUgara  into  lactic  acid  {C*EP*0*,  or  C"H*0*), 
consists  merely  in  the  splitting  up  of  a  molecule  so  coostitated  into  two  or  more,  and  n 
new  juxtaposition  of  the  elementary  atoms.  The  formation  of  butyric  from  lactic  acid 
is  represented  by  the  equation : 

2C'H'0»    -    C'H«0»  +    2C0*  +  2H'. 

Lictic  Actd.       Buiyrlc  Acid. 
In  the  preparation  of  lactic  acid  (oa  above),  the  precipitate  formed  on  the  bottom 
and  side*  of  the  vessel  6«m  the  chalk  and  the  producta  of  decomposition  of  the 
cheese  or  mUk  ia  found,  at  the  end  of  the  fermentation,  to  be  oorered  with  a  small 

Soantity  of  a  grey  substance,  the  lactous  ferment  When  thia  substance  ia  intro- 
uced  ijito  a  cooled  and  clear-filtered  deooetioo  of  beer-yeast,  together  with  from  16 
to  20  pts.  of  water,  chalk,  and  a  qtianti^  of  sugir  eqoal  to  from  ^  to  '^  of  the  liquid, 
A&d  thia  liquid  is  kept  at  n  temperature  of  30'^  to  36°  C.  for  some  days,  a  brisk  erohi- 
tion  of  carbonic  anhydride  and  hydrogen  takes  phice,  the  liouid  becomes  turbid  and 
depoaita  a  precipitate,  and  the  chalk  di8«>lvea  in  the  form  of  lactate  of  caldimu  The 
B«w  (idnd  already  purer)  lactous  ferment  Bcp8mt<>d  at  this  stage  of  the  prooees,  if  intro- 
duced, t<^ther  with  chHik,  into  sugar-wttter,  proiluws  within  an  hoBt,  an  incipient  eroln- 
tion  of  gas  and  conversiiDn  of  the  augar  into  lactate  of  caldnm.  (Pasteur,  Ann.  Ch. 
Phy«.  [;i)lii  404.1 

This  ferment,  which  appears  to  be  necessary  to  lactoos,  as  yeast  is  to  vinoos  fermen- 
tation, is  the  PeniciUium gtaucum. 

When  lactouH  frmii-utiitlon  ia  set  up  in  suitable  Bugar-solution.s  mereljr  left  to  them- 
selves, it  is  bccfflus*'  ci-rtain  bodiee  present  in  the  air  develop  in  the  liquid,  into  cella  of 
laetoua  ferment,  which  then  aet  up  the  fermentation.  If,  therefore,  the  air  ia  exduded, 
or  only  heated  air  has  access  to  the  liqxu'd.  no  lactous  fermentation  will  take  plaoe, 
unless  lactous  ferment  is  added.     (Pasteur.) 

Laetoua  ferment,  viewed  in  the  mass,  resemhlas  beer-yeaat ;  it  is  grey,  slightly  glu- 
tinoua.  and  appears  under  the  microacope  to  consist  of  very  smaU  spherulea  of  jj^  mm. 
diameter ;  some  iaolated,  others  united  in  groups,  and  poweising  moieCBlar  motion 
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(Paitear).  The  celJi  of  Penicinivm  pfaurum  have  at  moat  a  dij»net«r  of  ^  mm-j 
Ui«?y  increjiBe  it  first,  like  the  oclls  of  yeast,  by  format  inn  of  new  round  colls,  bttt  aftiT- 
vards  by  foraalion  of  p!oogiito<J  unfl  many-braachwi  cella,  which  ultimately  coTer  tbe 
surface  Uke  a  white  mould,     v^loudeau.) 

A  Bmall  quantity  of  lactoaa  ferment  is  capable  of  decompowing  a  large  qnastily  et 
sugar,  pronde-i  the  liquid  i»  kfpt  neutral  by  chalk  ;  otherwise  its  action  on  the  ngar 
is  retanied  bj  Jie  free  acid.  It  increases  if  nitrogeDotis  matter,  which  may  aerre  to 
nourish  it,  is  likewise  present.  By  desiccation  or  by  boiling,  with  water,  its  action  is 
weakened,  but  not  altogether  prevented.  It  acts  best  on  Augar  when  air  is  exrludad, 
inaamnch  as  the  action  is  then  not  interfered  with,  either  by  the  formation  of  moaM,or 
>iy  infusoria.  If  no  other  fcrmc-iit  is  present,  the  lactous  fermentation  goet  ob 
regularly^  and  often  more  quickly  than  vinous  fermentation.     (Pasteur.) 

In  BolutionB  of  cane-sugar  containing  phosphoric  acid  and  ammoniftcal  salts,  ths 
PcnieUlium  qlnttcum  can  grow  and  eoaveit  all  the  aogar  into  lactic  a«id.  (Pastvor, 
CompL  rend,  li  208.) 

Previous  to  lactous  fermentation,  the  liquid  always  becomes  riscous,  in  oonseqiMiK* 
of  the  devolopment  of  PmmUium  fflauewn,  who8«  ramificationB  fill  the  liquid  to  tfodi 
an  extent,  that  it  does  not  run  out  when  the  vessel  is  inverte<L  If  this  plant  cu 
develop  itaelf  in  sugar  solutions,  lact'Ons  fermentation  ensues,  whether  the  liq^uid  k 
acid  or  alkaline.  If  the  liquid  also  contains  albuminooa  snbstancea,  theae  yield 
ammonia  and  carbonic  acid  for  the  development  of  the  PenkiUhtm,  and  ore  partial^ 
converted  into  butyric  actd,  while  part  of  the  sugar  ia  tnoaflormed  into  mamtitft 
(Blondeau,  J.  Pharm.  [3]  xii.  267.) 

The  apontaneoualy  developed  fermentation  of  saccharine  juices  contaiaing  nitrogra,  ii 
sometimea  lactous,  sometimes  vinous,  most  £re<^uo»tly  both  together.  If  yeaat  (as  is 
generally  the  case)  contains  the  ceils  of  PcniciUium  plaucum  as  well  as  those  (rf 
Torvula  eerevuim,  vinous  fermentation  takes  place  first,  then  lactoos  fenneotatiaii  at 
the  expense  of  BtUl  unaltered  sugar  (Slondeau).  When  sugar  solutions  ate  biuiyrfat 
into  the  state  of  lactous  fermentation  by  cheese  (or  other  nitrogenous  substances).  th« 
livctic  acid  formed  after  a  while  prevents  the  further  action  of  the  ferment,  but  aiiet 
repeated  addition  of  acid  carbonate  of  sodiumi  (Boutron  and  Frouij).  of  chWk 
{Peloastc  and  G^lis),  the  whole  of  the  sugar  is  converted  into  lactic  add.  SlighilT 
alkaline  liquids  are  best  aduptedfor  the  development  of  lactous  ferment,  neutral  liqiiicli 
for  the  development  of  y east.     (Pasteur.) 

8a^»r-flolutioas  nsdergo  lactous  fermentation  in  contact  with  varioos  meml 
•apeeullj  calfe  rennet  (Fr^my,  Compt  rend,  viil  66,  and  ix.  165;  see  alao  Oi 
Lussac,  Compt.  road.  ii.  46),  with  diastase  altered  by  exposure  to  the  air,  with 
previously  altered  nitrogenous  substance  of  beet-juice;,  with  decomposing  animal  bladilci; 
with  whey  (Boutron  and  Fr Amy,  Ann  Ch.  Phys.  [3]  ii.2fi6 ;  Blondeau).  Wb™ 
orine  mixed  with  sugar  ia  left  to  itself,  Peniciliiitm  glavcun  becomes  developed,  ud 
lactic  acid  is  produced.     (Blondeau.) 

The  soluble  parts  of  glutin  and  casein,  as  well  as  the  nitrogenous  liquid  irhidi 
remains  after  vinous  fermentation,  are  peeuliarly  well  adapted  for  the  development  cl 
lactous  ferment ;  consequently,  when  theee  Uqmda  are  mixed  with  sogar  and  exposed 
to  the  air.  lactous  ferment  is  formed  in  them,  even  if  yeart  is  added,  Uie  two  frrmeau 
then  exerting  their  specific  actions  side  by  side  (Pastear).    See  also  Mcoous  Fuh 

KBHTATTON. 

Aqueous  sugar-solution  9  set  aside  for  weeks  or  months  at  40°  C,  a  lower  tempera- 
ture in  contact  with  cbalk  and  cheese,  glue,  or  other  nitrogenous  srabstances,  nndfigo  t 
fermentation  diiferent  from  the  vinous,  and  not  depending  on  the  presence  of  yctft 
In  this  fermentation,  both  the  nitrogenous  substance  and  the  sugar  are  destroyed: 
carbonic  add,  nitrogen,  and  hydrogen  escape,  and  alcohol,  lactate,  and  hoQmte  d 
calcium  (ire  produced,     (Bert  helot,  Ann.  Ch.  Pbys.  [31  Iv.  361.) 

Berthelot  doaipnates  this  reaction  Fermentation  alconotique,  whereas  Pasteur  regudi 
it  as  lactous  fr'rmentation. 

TTXMJaSTA.TXOV,  MUCOirS.  This  is  another  kind  of  fermentation  which 
eugar-cune  mnii;rm»cs,  likewisu  auder  the  influence  of  nitrogenous  eabstancea,  and  ia 
contact  with  aJr ;  but  under  circumstanoes  otherwise  not  exactly  known,  giving  rise  ta 
the  escape  of  carbonic  acid  and  hydrogen,  and  the  formation  of  mannite^  a  peculiv 
gum  and  a  mucilagLnous  substance. 

The  mnoous  fennentation  of  sugar  takes  place  (like  vinous  and  lactotu  flpmentx- 
tion)  imder  the  influence  of  a  peculiar  mucous  ferment  This  ferment  is  eompeied  of 
spherules  from  0  0012  to  00014  mm.  diameter,  and  when  introduced  into  siigar«ilv 
t]ona  containing  albumin  causes  the  sugar  to  be  resolved  into  mannite,  gum,  and  (  ~ 
bonic  acid  100  pts.  cane-sugar  yield,  on  the  average,  51*09  pis.  mannite^  and  ' 
pts.  guTOt  ooiwsponding  to  the  equation : 
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26C"H°0'i  +  13HK>  »  12C"H*0"  +  24C*H"0'  +  12C0». 

Ouin.  Hannlte. 

"When  A  luver  proportion  of  gum  is  obtained,  the  iiquid  ia  observed  to  contaiQ  lu]gei 
■phertdM,  prooably  beloaging  to  a  peculi&r  macotiB  fennenL  (Paste a r,  BulL  &>o. 
Cadm.  Paris,  1861,  30.) 

Mncoas  fermentation  reqairra  access  of  air,  and  likeviM  the  presence  of  nitrogvuoiu 
matter ;  but  the  latter  is  capable  of  eicitinij  muoons  fermentation  eren  after  boiling. 
In  thifl  reaction,  ndthor  acid  nor  alcohol  is  produced.  (Hochstetter.)  Mucoua 
fermcntAtion  in  prevented  bv  solphimc  acid,  hvdroclloHc  acid,  or  alom  (DeB fosses), 
bj  free  mineral  acids  (HoeDstetter,  J.  nr.  Chem.  xxix.  30)w 

The  following  are  ciamrlea  of  this  kind  of  fermentation : 

Syrup  of  cane-Bugar,  which  bad  bwn  poured  at  the  boiling  heat  into  bottles  in 
Martinique,  the  bottJea  being  filled  with  it,  underwent  mucous  fermentation  ou  being 
transported  to  France,  and  poured  out  into  open  vewels,  (Peli  got)  ^ 

Fresh  beet-jdee  becomes  girnimj  by  contact  with  air,  and  then  contains  mannite,  ^m, 
laetie  acid,  and  mncTystaliisable  siitgar.  Thes«  changes  take  place  with  great«r  facility, 
when  fennendng  beet  joioe  is  added  to  the  fine«h  jtiiee,  even  when  the  greater  part  of  tha 
nitrogenons  matter  has  been  removed  by  lime,  and  whether  the  quantity  of  £re«  alkali 
present  is  great  or  amalL  Alcoholic  fenneutation  sometimes  seta  in  if  the  add  ia 
ncatraUsed  (Hochstetter).  Wb«Q  carrot-juice  is  left  to  itself  between  80°  and 
40^  C,  the  cane-sugar  which  it  contains  is  converted  into  glucose,  mannite,  lactic 
add,  and  a  gum  isomeric  with  gum  arabia     (Tilloy  and  Maclagan.) 

The  expressed  iuice  of  maDgoldl-wm«el  begins  to  ferment  in  3|  days,  and  the  fer- 
mentation is  coraplet«  in  2}  days.  From  the  aoTiitioii  daiifled  and  evaporated  to  a  syrup, 
alcohol  of  80  per  cent  precipitates  a  glntinoos  mnens,  and  the  filtrate  yivlds  crystals  of 
■annite.  If  the  macua  be  washed  with  alcohol,  ita  aqueous  aolotion  preclpiUtiMl  with 
baric  acetate  of  lead,  the  washed  precipitate  decomposed  under  water  by  solphydric 
add,  and  the  filtrate  eraporuted  to  dryness,  a  transparent,  alightly  coloured  gum  is 
obtained.     (K  ire  her,  Ann.  Pharm.  xxxL  337.) 

The  juice  of  the  sngar-oane  containa  a  white  non-axotised  (?)  substance  which 
beoomee  brown  and  moist  in  contact  with  the  air,  is  soft  and  difficult  to  diy,  soluble 
in  water,  insoluble  in  alcohol  and  ether,  and  is  precipitated  from  its  aqaeons  solntion 
by  oxide  of  lead,  mercurous  salts,  and  alcohol.  It  ccinverts  sugar  into  a  substanca 
intcrni«Hiiate  between  starch  and  glutin,  this  substance  being  formed  quickly,  and 
somewhat  abundantly  in  syrups,  and  rendering  them  viscid,  ductile,  and  nncrystal'> 
lisable.  If  therefore,  the  juice,  after  being  treated  with  lime,  is  left  to  stand  for 
48  hours,  a  jelly  is  produced,  from  which  alcohol  throws  down  a  soft  white  nacreous 
precipitate,  which  dries  up  to  a  nacreous  mass,  dissolves  but  sparingly  in  hot  or  cold 
water,  even  when,  moist,  but  sweUs  up  in  it  to  a  tmnsparent  nuiss,  and  when  treated 
with  nitric  acid,  yields  nothing  but  oxalic  af*id.  This  mass  is  not  coloured  by  iodine, 
or  converted  into  sugar  by  dilute  acids,  and  does  not  give  off  ammonia  on  dry  distil- 
lation. It  is  found  abundantly  at  the  bottom  of  the  rats  in  which  molaaaes  is  left  to 
ferment  for  the  prepuration  of  rtmi.    (Ptagn  e,  J.  Pharm.  xxvi.  248.) 

Lemonade  containing  sugar,  volatile  oi^  citric  acid,  and  condensed  carbonic  acid, 
loses  its  fluidity,  and  becomes  gummy  by  lon(»  keeping,  especially  in  winter.  If  the 
gummy  liquid  be  orocipitated  by  alcohol,  and  the  pivcipitat*,  which  is  friable  when 
dry,  washed  with  alcohol^  thnre  remains,  after  drying  at  l(Jt>'^  C,  avisdd,  8emi-tninB[«- 
rent,  horny  moss,  while  the  alcohol  takes  np  a  brown  nncrystalliaable  sugar.  This 
mass  recovers  its  former  snpearanee  when  cold  wat^r  ia  poured  upon  it,  and  forms  with 
boiling  water  a  gum  whicii  is  difficult  to  filter,  is  not  coloured  by  iodine,  does  not  rt^ 
dnce  potossio-cupric  tartrate,  or  precipitate  basic  acetate  of  lead,  and  yields  oxalic  add 
■with  nitric  add. 

When  yeast  is  well  washed  with  cold  water,  then  boiled  with  water,  and  ^  pari 
■agar  dissolved  in  the  filtrate,  the  liquid  ufter  a  few  days  becomes  turbid  and  t«>nadoiis, 
like  decoction  of  linseed.  At  the  same  time,  a  mixture  of  carbonic  aad  and  carbonic 
oxide,  in  varyinc  proportions,  is  evolved.  This  fermentation  lasts  about  12  days;  for 
a  shorter  time,  between  20°  and  25'^  C. ;  it  takes  place  also  out  of  contact  with  air,  and 
ia  exdtod  even  by  yeast  which  has  been  boiled  out  with  water  (Desfosses,  J.  Pharm. 
XT.  602).  Under  similar  circumstances,  hictoua  fermentation  may  likewise  take  pbce. 
[On  MutMU  Fermmiation,  see  also  Vauquelio  (Ann.  Cli.  Phys.  xx.  93.)] 

Water  boiled  with  glntin,  prodocee  in  cane-sugar  solntion  the  same  ^ange  as  de- 
«oction  of  yeast  In  contact  with  sogar-solntion  for  24  hours  at  26°  C,  it  givee  off  a 
Moaller  quantity  of  gas  than  the  decoction  of  yeast,  and  renders  the  liquid  gummy. 
The  gaseous  mixture  contains  hydrogen  in  larger  proportion  to  the  carbonic  acid  than 
that  which  is  evolved  by  decoction  of  yeast.  After  the  completion  of  the  mucous 
fermentation,  the  liquid  is  still  very  sweet,  but  so  lliick  that  it  rons  out  in  threads 
when  the  vessel  is  taverted  ;  when  evaporated  it  leaves  a  non-crystallisable  residue,  and 


634        FERMENTATION,  PECTOUS.— FERMENT-OILS. 

on  treating  this  with  alcohol,  »  Mocharlfeiroua  gnm  remiunB  oodiflsolTed.     If  the  »> 

tnitiuder  of  the  sugar  be  extracted  fifom  thia  gum  by  fomentation  with  jeast,  th«R  an 
1  obtained,  r  *  '  -  •     -  -  -- 

parts 

•with  nitric  add,  i 

than  the  latter.    (Deafosses.) 

rssasSiTT&TZOir,  PSCTOITS.     iiaaj  cnripe  frnita,  fleshy  roota.  and  other 

pftrta  of  plants  contain  a  substance  insolubl*  in  wat«r,  alcohol,  and  ether  CPtrmft 
I  pectofle),  which,  durinff  the  ripening  of  the  fruit,  is  converted,  under  the  inflaenee  of  a 
.  peculiar  ferrocnt  caUca  pectaae,  into  yarioua  gelatinon«  aubatanccs  which  are  soluble  in 
I  Vater,  ris.  pectin,  parapectin,  and  perhaps  pectie  acid  io  the  ripe  &uit,  and  m«t«pe<tic 
r»cid  in  the  over-ripe  fruit     This  la  called  poctoof  fermeotation  {Qm.  xr.  393),    See 

pBcrnx. 

rmtKBKTATZOH'.  SACCSA&Oirs.    The  conyernon  of  itarch  into  aogar 

uiuler  the  inrtuence  of  diasf  uae  (pp.  319,  625). 

rzsitliCEirTATXOir.  snrAVOmi.    The  formation  of  volatile  oil  of  muHaid 

from  blaok  mustard  seed,  by  the  action  of  myroein  on  myronic  add  ip.  624). 

TfiAMmrTATZOir,  TAHVOITS.    See  FsBJODrranoK.  OAxxors. 

nB&MSxrTATZOV,  fTSOTOITS.  This  term  ia  applied  to  the  coaTersioti  ot 
tirea  in  sjluiiim  into  carbonate  of  ammonia.  Urea  dissolTwi  in  pure  water  rctnaiaa 
tinaltered,  but  in  tiifc  urint%  which  likewi«e  contains  mucus  and  other  nitrogenous  imh- 
I  atances,  it  changes,  with  variouH  degrees  of  rapidity,  into  carbonato  of  ammonia.  Ia 
presence  of  yeast  the  change  takes  place  very  quickly.  (C.  Soh  midt,  Ann.  Ch.  Phinn. 
Ixi.  168.) 

(Seep  827.) 

Syn.  with  Fbkkkstatiok,  Mdcous  (p.  6S2). 

rERlldCtiirr  OXX.S.  (Gm.  iiv.403.>— These  are  volatile  oils,  produced  by  the  fa^ 

ri«'titati'>n  of  rarious  plants,  not  originuUy  contained  therein,  and  eaopntially  di&rait 
fr«.»ra  the  oils  which  are  extracted  from  unfermentod  plants  by  dieti!'-'*"'  v  "-^'h  walrt. 

[  Atvording  to  Becker  (N.  Br.  Areh.  Iv.  161),  they  were  known  to  •  -u,  aa<l 

by  them  designated  yirtni«c¥fuj«.    Buchner(/?'7>^Miii.  299),  in  l^  •  ji«nit*<i 

an  oil  of  t.hi8  nature  from  the  fermented  herb  of  Erytkraa  Cnitauriujn  by  distiliatioa. 
— Ferment-oils  are  for  the  most  part  much  more  soluble  in  wat^r  toao  ordiaaiy 
ToLitile  oils.     According  to  Berxelins  (Johrcsbcr.   xxrii^    ^^1)*   thry  aro  perhaps 

I  |M'Cuhar  alcohols,  related  to  fusel-oil,  and  forming  compound  ethers  with  salt-radieUi 
and  adds. 

1.  Ferrnfnt-oU  of  ChtBrophyllum  sylvetire, — The  flowering  plant  is  left  to  ferment  ia 
water;  the  liquid  distilled  when  the  fermeatatiou  is  ended  ;  the  distillate  mixed  with 
common  salt,  and  shaken  up  with  ether ;  and  the  ether  removed  from  the  aqueoai 
solution  and  lelfl  to  evaporate ;  th^  ferment-oil  dissolved  in  it  is  then  left  b«hiad. 
It  ia  brown,  lighter  than  water,  with  a  strong  and  peculiar  pungent  odout;  and  I 
aromatic  taste,  not  bitter,  but  sL'ghtly  scratching.  Evaporates  quiddy  even  at  18*  f 
toroa,  when  set  on  fire,  with  a  clear,  luminous  flame,  diffuBiu^  a  vapour  which  excil 

l-flotuiube. — ChhriiU'ttfater  converta  it  into  yellow  flocks  retaining  the  odour  of  the  < 
fit  dissolvea  iodine.     It  ia  decompof<ed  with  violence  by  nitric  acid.     By  oil  of  vitn. 
it  is  coloured  brown,  without  losing  its  odour ;  the  solution  is  rendered  nulky  by  wst«l 
It  forms  an  emulaion  with  aquroua  ammonia,  dissolves  sparingly  in  waUr,  easily  f 
a/cohoi,  ether,  and  oils,  hothjixcd  and  volatile.     It  dissolves  rasin.     (Bloy,  U.  " 
Arch.  ilv.  60.) 

2.  Ferment-oil  of  ChfUdonium  majus. — Obtained  from  the  roota,  in  the  aaaa  i 
at*  the  ferment-oil  of  ChterophtfUum  gylw-glre.  Lighter  than  water ;  has  an  i  ^ 
odoiu-  Eke  the  bouquet  of  wini%  and  a  persistent,  biting  taate.  It  is  not  very  i 
With  iodine  it  forms  a  violet  solution.  With  nitric  acid  it  evolves  nitrous*  \^ 
vith  ntlphurie  aeid  it  forma  a  slightly  colonri'd  solution  which  ia  aearci'ly  cloudod  1 
v«  ater.  It  dissolrcesparinglv  in  xtater,  readily  in  alcohol,  ether,  and  oiU,  hoMx  fixtd  i 
V  latile.     (Bley,  N.  Br.  Arch.  xlviiL  16G.) 

3.  Firment-tAl  of  Conium  ntncuUitHm. — Obtained  from  fresh  hemlock  in  tb«  ! 
miinner  as  the  ferment-oil  of  Clueropkyllwn  ft/fvf^trt.     Colourless ;  haa  a  peculiar  odonti] 
not  like  that  of  hemlock,  and  a  sharp,  bivning  taste ;  it  is  not  poisououa.    DiatolTaa^ 

iiviih  facility  in  aleokol,  ttitr^  and  oil*,  both^ed  and  votatiie.    (Landerer,  Stprrt, 
'xliv.  237.) 

4.  F^Tnient-oil  of  Erythr<ea  Cmtaurinm. — The  plant,  after  maceration  in  water  for 
12  hours,  gives  off  a  perceptible  odour,  which  increa.«"P8  up  to  6<>  hours  macerstion  iui4 
tj^eo  ceases  (Biichner.)     The  a(|ueoua  distillate  is  pale-yellow^  with  whito  turbidity; 
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tua  a  persistent  rnlirening  arotnAtic  odour,  which  in  not  plesBant  whoa  ctote,  and 
irritatoB  the  eyas  And  nuHO  ;  its  t&ste  is  exoeasiTelj  burniafi;,  like  that  of  creo«iot«,  but 
ijot  p«r»i«tpnt.  It  reddens  litmus,  but  not  pcinnapoiitly  (Bfich  ner,  Rrpert.  liii.  303\ 
•nfi  Nrh«>n  hwteti  with  amraonift  and  nitfate  of  tUvvr,  iwIucm  tho  silver  to  the  m<?- 
tallic  fftate  (BQobner).  To  prep&re  the  oil,  the  freah  herb  la  macent«d  in  water  for 
48  hours,  the  whole  distilled,  the  odoriferous  distilLito  rediiitilled,  aod  tliis  process  con- 
tinued as  long  M  dropa  of  oil  pan  over  with  the  wat<>ry  vapour.  It  is  a  thin  greenish 
oil,  barinK  a  pecoliar,  but  not  disagreeable  odour;  it  is  not  poisonoos.  (Buchuer, 
RepfTt.  liu.  299.) 

6.  FermtrU-oil  of  Bchium  vutgart. — The  plant  in  the  flowering  state  ia  distilled  with 
water  after  maceration ;  the  distillatfi  is  shaken  op  with  ether,  and  mixed  with  common 
■alt ;  and  the  ether  decanted  therefrom  is  distilled  off.  Pale  yellow  oil  lighter  than 
water,  and  gmelliiig  like  other  ferment-oil&  Easily  soluble  in  alcohol  and  in  etJker, 
(Bley,  N,  Br.  Aich.  m,  167.) 

6.  Ffrmtnt-oil  of  Eriea  vuharu. — The  freah  herb  is  distilled  after  maceration  with 
wat«r :  the  distillate  is  oohobated  and  repeatedly  distilled  after  addition  of  common 
salt,  then  shaken  up  with  ether  as  long  as  the  ether  aaiuires  any  odour  ;  and  the  ether 
is  carefolly  diatilloa  off  from  the  dissolved  oiL  The  oil  obtaincKl  amounts  to  0'(}23  p«ir 
cent.  Oreemsh -yellow,  mobile,  lighter  than  water,  with  a  peculiar  odour,  and  a 
sweetish,  aromatic,  borning  taste;  reddens  litmus.  Wlica  set  on  fire,  it  bums  with  a 
dear,  blue-odged  flame,  without  leaving  any  residue.  It  is  not  deodoriflod  by  cktorine' 
woUr.  It  dissolves  iodine  without  detonation.  With  fuming  nitric  acid,  it  ^ths  up, 
and  the  solution  mixed  with  water  deposits  resinous  flukes.  With  sidphuric  acid,  it 
bcoomes  darker,  without  losing  its  coloor.     (Bley,  N.  Br.  Arch.  xxi.  302.) 

7.  Fermeni'oU  of  Mamtbium  vulgart. — ^The  comminuted  herb  is  soaked  in  water 
and  exposed  to  the  sun,  whereby  it  acquires  an  ofiensive  odour ;  the  liquid  is  then 
distillea;  the  distillate  saturated  with  common  salt;  the  flocks  thereby  separated  are 
collected  on  a  filter  and  dissolved  in  ether ;  and  the  ether  is  left  to  evaporate  alowly. 
The  distillate  saturated  with  common  salt  yields,  when  heated,  a  second  aqueous  dis> 
tiU&te  from  which  the  oil  may  be  extracted  by  agitation  with  ethiT  It  is  lighter  thtin 
water;  has  a  pecnliur  sweet,  ethereal  odour,  and  an  aromutir,  slightly  biting  tast«. 
When  set  on  fire  it  bums  with  flume,  without  leaving  charcoal  It  dissolvea  in  dilute 
nitric  acid,  and  yields  a  bitter  substance  with  etrong  nitric  acid.  With  tulphuric  acid 
it  becomes  heated  and  acquires  a  peculiar  odour.  With  ehSorine-vatrr  it  emits  an 
odour  of  roses  and  forms  a  film  of  resin.  It  dissolves  in  aqtuom  alkalis  and  in  *mtrr. 
(Bley,  N.Br.  Areh.x.  (J7.) 

8.  Firmtftt'Oil  of  Achillra  Millefolium, — The  fresh  flowering  plant  is  macerated  in 
water,  and  U-ft  to  fenncnt ;  the  whole  is  distilled,  with  cohobatiou  ;  the  blue  oil  which 
floats  on  thii  distillate  is  removed  ;  \ht  residual  water,  after  addition  of  common  «Ur, 
is  agitated  with  ether;  and  the  ether  which  separates  is  l<-ft  to  evft|vf>rate.  Yellow- 
brown  oil,  having  a  aligbtly  aromatic  odour,  and  an  aromatically  bittensh,  rather  stisrp 
taste.  It  dissolves  in  alcohol,  ether,  and  oiU,  hotii  fixed  and  volatilf.  (Bley,  N.  Br. 
Arch.  XXX.  167.) 

9.  Ffrj/u-nt-oil  of  mriout  spccici  of  Plantago.  —  Obtained  from  plaotaia-leaTCS  by 
fermentation,  distillation,  and  agitation  of  the  distillate  with  ether,  in  the  same  manner 
as  the  ferment-oil  of  Aehillra  MilUfflium.  It  is  yellow,  transparent,  has  an  ethereal 
odour  slightly  resemblbg  that  of  mustard-oil,  and  an  aromatic,  sweet,  burning  taste. 
Very  volatile.  With  fuming  nitric  acid  it  turns  brown,  with  rise  of  temperature  and 
intumescence ;  the  solution  first  becomes  greenish -yellow  with  milky  turbidity,  then 
clear,  smells  like  artificial  muek,  and  has  a  disgusting^ly  bitt^er  tjw>te.  With  tulphuric 
acid  it  forms  a  dark  brown-red  mixture,  from  which  water  separaU«  rrviooas  flocks 
smelling  of  reein  and  ferment-oiL  It  dimolves  in  alcohol,  ttker,  and  oiU.  (Bley,  N. 
Br.  Arch.  iL  130.) 

10.  Fermfftt-oil  of  Qucreiu  Roiur. — Obtained  from  tteah  oak-leaves  by  fermentatiua, 
distillation,  and  treatment  of  the  distillate  with  ether  in  the  same  manner  as  the  for- 
ment-oU  of  Aehillra  Milkfdium.  Pale  green.  Specific  gravity  0-({96 ;  has  an  agreeably 
enlivening  odour,  a  sweet,  burning  taste,  and  readcns  litmus.  It  is  easily  inflammablo, 
bums  witli  penetrating  odour,  and  with  a  first  bluish,  then  whitish,  non-fiili|;inans 
flame.  With  J'umiw^  nitric  acid  it  froths  up  and  l>eenme«  very  hot,  but  does  not  loss 
its  odoor.  With  atdphuric  acid  it  becomes  hot  and  asBumen  a  dark  red-brown  colour. 
It  dissolves  sparingly  in  watrr,  readily  in  alcohol,  rthcr,  and  MU,  both>iTr4f  and  volatile, 
(Bley,  N.  Br.  Arch.  xxri.  48.) 

11.  Ft^mrnt-oil  of  Sah'j-  ptfttattdra, — Obtained  from  fresh  willow-leaves  in  the  same 
manner  as  the  ferment-oil  of  AchUfra  Afif/rfofium.  Yellow,  lighter  than  water ;  bus 
an  aromatic  odour,  like  than  of  caMtotPura,  and  at  the  same  time  like  that  of  willow- 
IcHves:  reddens  litmuH.  Sroeils  (strongly  when  heated,  and  buma,  when  set  on  firff» 
with  a  very  enioky  flame,  leaving  a  small  quantity  of  chiuvoaL    Dissolves  todttu 
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ttbundiintJy.    With  fuming  nitric  acid  it  firotUs  up  and  thickens,  bat  does  not  taka 
fire. 

12.  Ffrmtnt-oil  of  Salvia  pratmnt.—OhtaiTied  from  tho  freah  herb,  liie  the  fement* 
oil  of  AehiUea  MU^folium.  Dark  red-brown^  with  »  repulsive,  ethereal,  sweetish  odour, 
and  an  aromatic  taste.  It  disaolTes  sparingly  in  watir,  easily  and  in  all  proportioaa 
in  alcohol,  ether,  and  oiU.,  both  fixed  and  VMatitt.  It  fbnns  a  liniment  with  aqtmnn 
ammoniii,  and  is  very  sparingly  dissolred  by  uqutoua  potash.  (Bley,  N.  Br,  Arch.  IL 
167.) 

13.  Ferptent-oil  of  TVifoUum  fihrintun, — Obtained  like  the  ferment- oil  of  AchilUa 
MiU^otiuTfij  from  the  dried  plant,  eren  after  it  Ems  been  well  boiled  with  water  Aftd 
no  longer  has  a  bitter  smelt  by  frrmentation,  distillation,  eaturating  the  distillate  with 
common  salt,  and  shaking  it  up  with  ether.  It  is  pale  yellow,  lighter  than  water, 
smells  strongly  aromatic,  like  the  ferment  oil  of  TuasOago  jar/ara  ;  its  taste  is  at  Krst 
burning  and  sweetish,  afterwards  aromatic.  When  set  on  fire,  it  bums  witli  a  Muc, 
slightly  fnliginons  flume,  giving  off  strong-smelling  Tapours  which  excite  coughing,  and 
leaves  a  small  qtiaatity  of  charcoal.  It  dif solves  sparingly  in  water^  easily  in  al«i^ 
and  ether.     (Bley,  Juhrb.  pr.  Pharm.  ii.  207.) 

14.  Frrmrnt-'vf  of  Txusilago  far/ara. — The  fresh  braised  herb  is  mscenited  in 
water  for  10  or  12  days,  during  which  it  turns  light  green,  and  acqoirea  the  odoor  uf 
pickled  gberkijis;  the  whole  is  then  distilled ;  the  ajstillate,  which  has  a  vinous  odour  is 
■Atorated  with  common  salt  and  redi«itilled ;  this  second  distillate  is  shaken  up  with  a 
lat^  quantity  of  ether  ;  and  the  ether  is  token  off  and  evaporated,  the  dissolved  oil 
then  remaining  behind.  Yellowish,  lighter  than  water,  veiy  volatile,  with  a  peculiar, 
strongly  aromatic,  penetrating  odour,  and  an  aromatic  taste,  neither  burning  nor  cool- 
ing. It  easily  rakes  fire  and  bums  at  first  with  a  whitish,  afterwards  with  a  reddish, 
sooty  flame.  It  dissolves  iodine  abtrndHtitly,  dissolves  in  stdpharic  add  with  yelloviah 
colour,  without  losing  its  odour,  and  turns  brown  when  heated  with  it.  With  potash 
it  is  said  to  form  a  whitish  soapy  compound.  It  dissolves  sparingly  in  ioater,  readily 
in  deohol  and  fthtr.     (Bley,  ReperL  liii.  406.) 

16.  Fermeni'Oil  of  Vrtica  urem. — Obtained  like  the  ferment-oil  of  AchitUa  MUlt- 
fciiutn,  from  the  flowering  plant,  which,  during  fermentation,  emits,  flrat  a  vinoiu,  tbea 
a  sharp  and  intoxicatiug  odour.  Besembles  the  ferment-oil  of  Eeh»ttm  tndgart 
(Bley,  N.  Br.  Arch.  xix.  167.) 

19,  Fer/neiit'Oii  of  Viti»  vtHi/era. — Fermented  vine-leaves  are  distilled  ;  the  dlsttllato 
is  cobobated  and  ahttken  up  with  ether;  the  ethereal  solution  is  distilled;  and  tli* 
ethereal,  peculiar-smelling  distillate  is  rectified;  the  fomient-oil  dissolved  in  it  fh*r 
remains  behind.  Pale  yellow,  lighter  than  water;  has  a  pecuL'ar  vinous  odour.  lik« 
vine-flowers  and  mignonette,  and  a  burning,  sweetish,  aromatic  taste.  It  rwldew 
litmus  slightly  but  permanently.  It  eva{>orates  in  the  air,  diflusing  a  strong  cxlonr. 
Heated  with  fnmittg  nitric  acid,  it  resinises  and  assumes  a  grass-green  colour.  With 
tu/phuric  acid,  it  forms  first  a  wbite,  then  a,  light-red,  and  ultimately  a  brown 
mixture,  without  losing  it«  odour.  It  is  not  deodorised  by  agitation  with  rhJ,.rna 
water.  With  aqueoiu  potaah  it  forms  a  clear  mixture,  from  which  the  oil  aitrrwaph 
sepantet,  with  red-brown  colour,  but  with  its  original  odour.  It  dissolves  sporin^Ij 
in  waUr^  without  Hlteration  in  ht/drocMoric  and  aatic  acid.  With  ttdphide  of  f</'^«»» 
it  forms  a  milky  liquid,  from  whieh  it  afterwards  separates  unaltered  ;  with  enr'^Mte 
of  potassium,  a,  liniment  from  whieb  it  also  separates  unaltered  ;  with  aqiveouM  ammtrnta 
a  soapy  mixture.     It  dissolves  abundantly  in  alcohol,  ether,  and  fixed  inU  :  in  itil  -J 

I  turpentine  and  oil  of  lemon,  it  forms  at  first  a  milky  solution,  which  afterwards  l^comrs 

'  dear.     (Bley,  Repert.  Pharm.  U%ul  301.) 

An  oiJ,  different  from  that  just  destnibed,  may  be  obl^ned  from  wine,  br  leaving  it 
to  freeze,  distilling  off  the  volatile  part  of  the  remaining  liquid,  and  shalEing  tip  th* 
residue  with  ether.     (Bley.) 

17.  Frrment-oil  of  diseased  Ajmles. — Maloil,  Oil  of  Apples. — Produced  in  eeflob- 
stasis,  a  disease  of  the  apple,  which  imparts  a  musky  odour  to  that  fruit.  It  is  obtained 
fiiom  the  diseased  apples  by  distillation  with  water.  Yellowish-grey,  lighter  tlisn 
water;  boils  at  10&*'  C.  Smella  of  musk,  tastes  rough  and  sharp.  Contains  6416  yx 
cent  C,  2066  H,  IfilS  0,  and  005  N.  It  volatilises  completely  wh«Ti  heated,  tnd 
bums,  when  set  on  fire,  with  a  feeble  flame,  diffusing  a  small  quantity  of  smoke. 
Chlorine  decomposee  it,  with  elimination  of  hydrochloric  acid.  With  dry' hydnxklong 
add  gas,  it  forms  a  ciysttilHne  comfiound  {Chlorhi/drate  de  MiikHle).  It  diswlrfs 
reftdilyin  alcohol  &r^  ether,  and  imparts  a  musk-like  odour  to  ico/fr.  (Rossigaon,  * 
Pharm.  xxvii.  158.) 

rSRftATBB.  Salts  containing  iron,  analogous  to  the  munganates,  and  thonfc 
represented  by  the  general  formula  M'O.FeC,  or  MTe^'O*.  They  are  very  unstab! 
and  only  the  pot-%iisium-  and  b&rium-salta  have  been  exnmiaed. 

FerraU  oj  Pot<u8i»m  ^u  fint  prepared  by  F  re  my  in  1840  (Ann.  Ch.  Pharm.  si 


I 


I 
I 


261 :  sliT.  354),  and;  has  hem  fartlier  nambcd  hj  H.  Rose  (Pogg.  Ann.  Itx.  Slfil  and 
J.  Denham  Smith  (PhiL  Mug.  [3]  xxiiL  217).  But,  aocordmg  to  Kopp  {Grtckicfitt 
dtr  ChetKUf  i.  102)^  Stfthl  appears  to  have  obH«rvt^d  that  iron  ciileincd  witli  nitro 
j\9\im  with  water  a  purple  or  amethyst-ooloared  solution,  £ck«»berg  abo  obvervHl, 
m  1802,  that  the  ma««  obtainwi  by  ftwinff  gadolinite  with  hydrate  of  potussiupi  yielda 
with  wnt«>r  a  dark-red  alk&Iine  eolation,  the  colour  of  which  prn«««dea,  not  from'man- 
nneae,  butfirom  iron,  and  Becquercl  in  1832  (Ann.  Ch.  Phjs.  [2]  li  105)  remarked 
Uiat  ferric  oxide  fused  with  hydnito  of  potA8<fium  givea  off  oxygen,  which  ho  attributed 
to  the  decomporitioD  of  peroxide  of  potAtuinm. 

Ferrate  of  potassiam  ia  prepared :  1.  By  projecting  a  mixture  of  1  pt.  Iron-fllinga, 
and  2  pt«.  nitre  into  a  capafiioos  cruribte  kept  at  a  dull  red  beat,  and  removing  the 
enicible  from  the  fire  u  0OOQ  aa  the  mixture  begins  to  deflagrate  and  form  a  white 
cloud  ;  if  the  tieat  ia  too  strong,  the  compound  decomposes  aa  fiist  as  it  i»  formed.  Ths 
■oft,  'aomewhat  friable  mass  of  ferrate  of  potassinm  thus  obtained  mav  bs  taken  ont 
with  an  iron  irpoon  and  preserved  in  well-stoppered  bottles.  Or  the  salt  may  be 
obtained  in  solution  by  treating  the  fused  mass  with  ice-cold  water,  loAring  the  liquid 
to  stand,  tn  allow  the  andiaaolred  ferric  oxide  to  settle  down,  and  then  decanting  ;  the 
■olntioD  most  not  be  flittered,  as  it  ia  immediately  decomposed  by  contact  with  organic 
matter.  —2.  By  igniting  ferric  oxide  with  hydrate  of  potassinm  in  an  open  crucible,  or 
with  a  mixture  of  hydrate  of  pwtassium  and  nitre.— 3.  By  passing  chlonne gas  through 
a  Tory  strong  solution  of  cauHtic  potash  containing  hydr&t«d  ferric  oxide  in  suspension, 
fragnkents  of  solid  potash  being  continually  added  to  maintain  a  large  excess  of  alkali 
in  the  liquid.  The  ffrrat«  of  potassium,  being  almost  insoluble  in  Uie  strong  alkaline 
liquid,  is  deposited  in  the  form  of  a  bUuik  powder,  which  may  be  freed  from  the  greater 
part  of  the  mother-liquor  by  drying  it  on  a  plate  of  porous  earthenware  (FrAmy). — 
4.  By  electrotysiH,  A  cylinder  of  porous  earthenware  is  filled  with  strong  potaah-ley 
and  placed  within  a  beaker-glass  eoutaining  the  same  Uqnid.  A  cast-iron  plate  on^ 
aeot4»d  with  the  positiTe  pol**  of  n  powerful  voltaic  battery  dips  into  the  liquid  outside 
theporoos  eyiinder,  and  a  plate  of  iron  or  platinum  connected  with  th*  negatire  tiole 
is  immened  is  the  liquid  within  the  cylinder.  The  whole  of  the  hquid  ia  coolea  as 
much  as  poesihle  W  surrounding  the  bpaker  with  ice.  The  potash-solution  snrroaod- 
ing  the  positive  pole  quiddr  assumes  a  red  colour,  and  after  a  while  becomes  dark  and 
c>paque ;  sometimes  aJso  the  positire  plate  beoomee  coated  with  microsoopic  czystala 
of  ferrate  of  potassium.     (Poggendorff  and  Rone.  Pogg.  Ann.  lix.  316.) 

Ferrate  of  potassium  is  soluble  in  water,  leas  solable  in  presence  of  potash.  Tha 
deep  cherry-red  solution  is,  when  concentrated,  transparent  onlv  in  thin  layers.  In 
the  concentrated  state,  and  when  mixed  with  free  potash,  it  mity  be  presenred  (or  somo 
time,  and  may  even  be  boiled  without  decomposition,  hut  the  more  dilute  and  the 
warmer  the  solution  is,  the  more  easily  does  it  decompose,  with  eTolutioa  of  oxygen 
and  precipitation  of  fernc  oxid«  ;  a  dilute  solution  is  consttintly  decomposed  by  boilung. 
Adds,  eren  nitric  and  sulphuric  acid,  decolorise  the  red  solution  immediately,  wiUi 
4^olutioo  of  oxygen,  and  if  only  a  small  quantity  of  acid  in  present,  with  separation  of 
ferric  oxide;  with  hydrochloriL*  acid  it  giree  off  chlorine.  The  solution  is  clecomposed 
by  metals,  and  by  many  metallic  salts,  including  alum  ;  from  salts  of  manganoM  and 
nickel,  it  throws  down  peroxides  of  these  metals.  It  is  quickly  decomposed  and 
decolorised  by  deoxidising  substancess  SQch  as  sulphurous  acid,  nitrous  acid,  ammonia, 
ammoniacal  salts,  and  especially  by  organic  bodies.  .Sulphydric  acid  and  snlphide  of 
ammanivm  impart  to  the  concentrated  solution  a  dark  green  colour,  becoming  light 
gnen  oo  dilution  with  wattr,  brown  when  heated,  green  again  on  cooling ,-  in  this 
imetioa  a  sulphur-salt  appears  to  be  formed,  containing  a  polysulphide  of  iron  analogoas 
to  ferric  acid. 

By  passing  sulphurous  add  gas  through  the  aqueons  solution  till  the  f^ilour  is 
dostroyed,  and  determining  the  qunntity  of  ferric  oxide  predpitatcd.  and  of  sulphuric 
acid  ppo<tured  (by  suporsaturtttiug  the  filtrate  with  hydrodiloric  acid  and  precipitating 
with  chloride  of  barium),  it  is  found  that  099  pts.  (3  at.)  sulphate  of  barium,  BaSO*. 
correspond  approximately  to  I/iO  vis.  (1  at.)  ferric  oxide,  FeK)*.  Hence  ferrate  of 
potassium  is  K*FeO*  or  K*O.FeO*,  and  the  decomposition  is  represented  by  tlio 
conation: 

2K»FeO*  +  3S0*  +  HK)  =  Fe»0'  +  2K»S0*  +  H*SO*. 

Consequently,  ferric  acid,  if  it  could  be  obtained  in  dcflnite  form,  would  be  H'FeO*,or 
H*O.FeOV  and  ferric  anhydriJe  FeO'.     (H.  Rose.) 

Ftrrate  cj  sodium  is  ubtaineU  limilarly  bo  forratc  of  potassium.  The  other  salts, 
which  are  insoluble,  are  obtained  by  precipitation. 

FnraU  0/ barium.  BaO.FeO*  -i^  H-0  (?).  or  Bb"Fo^'0'  +  aq.  (?),  is  obuined  by  do- 
cmnpodng  the  potassium-salt  with  chloride  of  barium,  as  a  bulky  cochineal  nr  purple* 
red  predpitate.  becoming  brick  or  roee-red  after  washing  and  drying  at  100°  C.  It  ii 
tolerably  stable,  may  eren  be  boiled  for  a  while  with  water,  and  dissolres  with  rt4 
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colour  in  tc^e  arid ;  but  by  nitric  or  solphuiv  acid,  op  by  strong  heating,  it  i>  x 
diiit«ly  decompound  »ind  deoolorised.     (Denham  Smith,) 

muUO  ACrD,  or  Fcrrai*  of  Hydroijm,  has  not  been  obtjiined  in  definit«  form, 
or  fren  in  aqneoua  solution,  as  it  decomposer  nnd  gives  off  oxygen  *B  *ooB  B»  lib«iut«d 
frnm  it*  salts  by  the  action  of  an  acid  (p.  637). 

VBXKXC   OXXSB.     Srsgitioxide  of  Iron.     Fe«0«     See  Inoir. 

FSRRXC   SAXTS.     SejfquisaHa  of  Iron.     Si-e  Ikon,  and  th«  sereral  ActXMk 

FEmRicTAJTzsEs  OF  FSx&xscnrAKXBSS.  Se«  OyxxiDBs  or  Uoa 
(p.  243). 

I'SSSXT2«8.     Compounds  of  ferric  oxide  with  ulkajin.     (See  Ikon.  Oxisbs  or.) 

r£RJlOCOBJI.I*TXKIl.  Cobaltinp,  Co'As'tS*,  in  which  a  conaiderable  pxopoitioa 
of  the  cobalt  in  roplace.l  by  iron.     (See  Cobai.tjxe,  i,  1067.) 

risR«ocYA»riDES.       j     8«,CyA.^D«iorIi«>H(p.222X 

rEKKOPBVSSXAXBS.    > 

FXSKXir  IS  the  name  given  to  the  substance  which  ia  Mporated  in  the  solid  sta!« 
,  from  bLxjd  on  eoa^ation.     A  simihir  iimtter  ia  contained  in  the  sohd  muscular  fl«b 
f  «f  animuls,  bat  difibrs  from  blood-fihrin  in  wrtain  properties.     Lehmann  has  samrd 
thia  fibrinous  sab«tanee  syfitonin.     Fibrin  is  also  eont&ined  in  lymph. 

1 .  Prrparation. — Fibrin  may  be  obtiuned  immodiat«!7  by  lashing  fineah  blood  with 

a  bundle  of  bireh-twigs ;  it  attaches  itself  to  the  twigs  in  amorphous,  fibrous  filamnntM, 

which  retain  a  red-colour  from  adhering  blood  globules.     In  order  to  fr'  "    a 

from  colouring  and  other  matters,  it  is  placed  on  a  sieve  or  a  cloth  an^^  o 

prolonged  washing  under  a  copious  stream  of  water,  and  the  portions   v^„,  „   ..,,iji 

I  the  red  ooloor  most  obetinately  are  picked  out  and  thrown  aside.     It  is  finallv  washed 

\  -with  distilled  water  charged  with  carbonic  acid.  A  few  drops  of  acetic  arid  may  bt 

adTantageoosly  added  to  the  last  wash- waters :  this  canses  the  fibrin  to  swell  nn,  tad 

I  renders  it  easier  to  distingumh  the  impure  portions.     The  product,  finallT  washed  wilib 

pure  water,  assumes  the  serai-transiparent,  fibrous  aspect,  peculiar  to  fibrin.     (Gerh. 

IT.  459.) 

When  fresh  blood  is  allowed  to  stand,  it  cojigulates  spontaneously,  the  clot,  at  the 
same  time,  enclosing  all  the  blood -globules.  It  is  therefore  necesaaiy  to  cut  the  dot 
into  thin  slices,  ana  wash  it  with  still  greater  care  th&n  artificially  coagulated  fihria. 
Fibrin  obtained  by  either  metliod  always  containe  many  impurities,  espeditUy  (at- 
globulea ;  these  may  be  removed  by  ether  and  alcohol,  after  the  product  has  bi<e& 
dried. 

Gerhardt  recommends  the  following  method  for  peparing  fibrin  in  a  state  itpproadlh 
inc  to  purity.  The  biood,  as  it  leaves  the  reins,  is  allowed  to  flow  npT  ''  •  •"  'flli 
or  fifteenth  of  its  weight  of  moist  sulphate  of  sodium,  which  prevents  t.  a 

coiigulating.     The  mixture  is  agitnted  and  thrown  on  a  filter,  which  reta;:  <b9 

greater  part,  if  not  all  the  globules.     If  the  filtrate  i»  slightly  red,  it  i*  uuxed  *jdi 
'  an  equal  volume  of  water,  axiA  again  filtered ;  and  this  proceasa  is  repeated  till  tL« 
liquid  begins  to  deposit  fibrin.     The  fibrin  is  then  collected,  strained  oS,  and  waabt^ 
*ith  water,  aJcohoL  and  ether. 

Liebi^  pi-epai-es  rausculur  fibrin  (syntooin)  by  finely  mincing  fresh  meat,  and 
cxhansting  vith  cold  water.  The  residue  is  then  treatod  with  water  contaiaiag  0*1 
per  cent  hydrochloric  acid,  and  the  solution  is  filtered  and  nentralised  with  ammonia 
The  fibrin  is  purified  in  the  URual  manner. 

Baumbaner  uses  fish  for  preparing  syntonin  {Chemiacks  Uniert.  o.  Mtddtr,  Oemia 
tniiwl.  iiL  301),  but  the  method  does  not  appear  to  be  advantageous. 

ImpurUift. — Fibrin  is  generally  mixed  with  fat-globuJes,  but  only  such  as  are 

adhering  to  the  diifereat  constituents  of  blood.     Lehmann  diseoretred  eholarteria  ia 

I  this  fat,  also  acptic  ».cid.  perhaps  formed  by  the  oxidation  of  ether,  and  aaother  Uxtj 

I  add  {Gmelina  Handbuch,  viii.  [2j  171).    Fat  always  adheres  to  fibrin,  and  wpptvn  to 

consist  principally  of  ammonia-  and  linse-soaps  (Berzelius,  I^thrb.  d,  Ckem.  ix.  ^L 

i  Schmidt  extracted  from  7'4  to  8*7  per  cent,  fut  from  the  fibrin  of  the  blood  of  the  portal 

Trin.     Lehmann  found  between  31 89  and  3  218  per  cent,  of  fat  in  fibrin  {&mtMi 

HandhucA,  viii.  [2]  HI).     Virchow  extracted,  by  means  of  alcohol  und  ether,  bet 

^  JIUO  and  2-76  per  cent,  fat  from  venous  fibrin.     The  fibrin   of  chjJe  ia  richer  in     , 

I  than  blood  fibrin.     Virchow  found  phoHphcglycerate  of  calcium  in  blood-fibno,  and' 

aiBch  phosphate  of  calcium  in  it*  ash.     Fibrin  always  leaves  a  mineral  residue  0K{ 

I  incineration,  consisting  chiefly  of  phosphate  of  calcium,  amounting  to  17  per  cmt' 

^  (Mulder),  (J'66  per  cent.,  with  a  little  carbonate  of  calcium  (Virchow).     A  liltl* 

EhoBphate  of  magncsiam  is  likt^wise  found  in  the  ash,  but  no  iron  whejj  the  fibrin  hsi' 
een  properly  purified.    According  to  Liebig,  the  ash  of  syntonin  always  containi)  iroa. 
Fibrin  of  the  arterial  blood  of  the  horse  contains  2*172  per  cent  ash;  that  of  til 
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jttgular  Wood  l-OO?  per  wnt  In  tbjle-fibriii,  irhich  had  be«n  properly  freed  from 
bt,  iranhed,  and  dried,  1*77  pei*  cent.  Btrongly  alkaline  ash  was  found  (Lehmann). 
Virchow  think*  it  probable  that  the  fat  udherin|r  to  fibrin  eontainfl  mijtlm,  a  cub^tanw 
which  he  Mnsidere  to  be  identical  with  ncrre-marrow,  und  to  bear  a  certain  rescm- 
l)lance  to  cerebric  add.  It  is  found  id  T&riou»  nornud  and  morbid  btrncture*  ;  when 
treated  with  water,  it  swells  np  like  starch- 

Formation  of  Fibrin  fram  Albumin. — When  dpflbrinated  serum  ij  iiibjected  to  the 
action  of  a  current  of  oijgcn  gas,  at  a  temperature  of  98'' — 100**  Fahr.,  the  albuTuin 
contained  in  it  ia  gradually  converted  into  fibrin  *.  whiei  aepnntea  after  about  36 
boon  in  clot*,  and  when  freed  imm  blood-cellii  and  other  impurities  by  washing  with 
water,  present*  the  appearance  of  ordinary  fibrin.  A  eiinilar  result  is  obtained  when 
ft  mixtnre  of  blood-Beram  and  egg-albumin  is  treated  with  oxygen  gaa,  time  beine 
allowed  for  the  two  liquids  to  mix  well  together.  Egg-albumin  alone,  when  purified 
by  beating  it  up  with  a  ftmalJ  qiiiiutity  of  acetic  acid,  and  filUTinii;,  also  yields  fSbriu 
when  a  stream  of  oxj'gen  ia  pufsed  through  it.  The  iiitro«lnction  of  coils  ot 
platinnm  wire  into  the  liquid  greatly  iacititates  the  formation  of  the  fibrin,  which  is 
then  deposited  on  the  coils  in  beautiful  white  pirallel  threads.  Alkalis  and  alkaline 
a&lts  interfere  with  the  production  of  fibrin  in  tne  manner  above  di^9cril>ed,  the  grear«>Ht 
amount  being  obuiined  when  the  albumin  ih  neutml  or  slightly  odd.  Viscidity  of  the 
liquid  promotes  the  formation  of  fibrin  by  detaining  the  bubbles  of  oxygen  for  a  longer 
time  among  the  particles  of  the  albumin.  Alkunin  artificially  digested  in  gas^c 
juice  yields  fibrin  by  oxi«lation,  even  iift</r  it  has  been  passed  tluou^  a  dialyser. 
Gluten  dissolreil  in  guj<lric  juice  ulsio  yields  fibrin  by  oxidation,  even  at  ordinaiy  tem- 
peratorea.     (A.  H.  Smee,  Proc.  Roy.  Soc  xii.  399.) 

Propertift. — Fibrin  has  been  said  to  sepiirate  from  the  blood  in  lumins!.  This  ia 
not  certain,  but  when  completely  wushed,  it  consiets  of  ^ott,  ela«tic,  transparent  fila- 
inents,  which  do  not  cohere  by  pressure.  It  is  completely  in«olable  in  cold  water,  in 
alcohol,  and  in  ether. 

Freshly  prepared  fibrin  loses  about  80  per  cent  water  in  vacuo  (Cherreul),  and  is 
conTertedintou  hard,  homy,  transparent  mass,  of  yellowish  or  preemsh  colour,  and  com- 
pletely devoid  of  taste  and  smelL  It  takes  up  abodt  three  times  its  weight  of  water, 
without,  however,  entirely  regaining  its  former  appearance.  When  well-washed  fibrin 
is  boiled  for  a  lon^  time  with  water,  the  dietilbto  contains  much  ammonia,  and  a 
peculiar  aobstance  ifl  extracted  from  the  residue  by  water  (Dumas  and  Cahours). 
The  substance  extracted  from  fibrin  by  boiling  water,  has,  according  to  Bouchardat,  all 
the  properties  of  gehitin ;  the  proportion  nuiea  conaidentbly,  being  insignificant  in  healthy 
fibnn,  but  increasing  to  a  considerable  amount  in  infliimroatory  diseases  of  the  ceUolar 
tisime.  The  substance  obtained  by  Dumas  and  Cahours  did  not  become  gelatinous  on 
eooiing,  but  appeared  to  resemble  albumin ;  it  was  precipitated  by  tannin  and  nitric 
acid,  contained  11  per  ct-nt  ash.  and  the  organic  part  gave  47*9  per  cdul  C,  6'8  per 
cent.  H,  15  0  rwr  eva\,  N,  and  30-3  per  cenL  O. 

Heated  with  water  in  a  sealed  tube  to  150*'  C,  fibrin  ilissolres  almost  complctelv, 
leaving  a  slight  residue.  The  solution  produces  abundant  precipitates  wilh  nciiw, 
and  eren  when  very  dilute,  is  precipitated  by  nitric  acid.  The  precipitate  produced 
by  icelic  acid  ia  readily  aolnbl©  in  an  excess  of  the  acid. 

When  moist  flhrio  ia  exposed  to  the  air,  it  is  gradually  conyertod  int^  a  tliick  risoid 
liquid,  smelling  like  old  cheese.  This  liquid  coagulates  by  heat ;  the  cougidnm  has  the 
composition  and  properties  of  albuiEnin  (C63-9,  H  70.  N  15-8,  S  I'fi  per  cint.;  ash  028 
percent,  Strticker),  Putrefying  fibrin  also  yields  sulphide  of  ammonium,  butyric  and 
valeric  acids ;  Ifucine ;  an  oily  acid  pn>cipitated  by  acetate  of  lead ;  an  acid  syrup  which  ia 
dissolved  by  acids,  thereby  assuming  a  violet  colour  and  being  converted  into  t)TO«iDe; 
and  ft  crystalline  volatile  substance  of  unpleasant  odour  ^Bopp,  Ann.  Ch.  PharnL. 
Ixix.  30).  When  fibrin  puucflcs  out  of  coutuft  wilh  the  air,  it  yields  acetic,  butyric, 
valeric,  and  capric  acids,  as  well  rs  ammonia  (Brendecke).  Fibrin,  in  convict  with 
oxygeo,  givea  off  carbonic  acid;  and  fibrin,  which  ha*  been  long  expof.td  t<->  the  air, 
and  perhaps  also  fibrin  from  arterial  blood,  disMilves  with  difficulty  or  not  at  idl  in  saline 
solutions.  Peroxide  of  hydrogen  is  decomposed  by  fibrin.  If  fre.sh  fibrin,  moistened 
with  water  and  saturated  with  oxygen,  is  endoaed  in  8  timea  its  volume  of  air,  and 
maintained  between  20<*  and  25°C.»  the  gaa,  ailcr  24  hours,  coDtaius  6"8l  per  cent  0, 
11  17  C0«,  and  82-02  N. 

Fibrin  has  been  analysed  by  a  great  many  chemists ;  the  resolta  are  not  sufficiently 
in  arcordance  to  lead  to  the  conclusion  that  it  is  a  homc^neous  substance.  It 
appears  to  vary  considerably  in  composition,  according  to  the  eoarce  trom  which  it  hae 
hria  obtained. 

•  A  blacl  HilMtance,  SDalofoui  to  if  not  Identical  «r1U>  Vircliow'i  A«atM,  It  (brmed  at  the  hbi*  tlmk 
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yinMieT  {Chettniache  Unterauehungen)  ^ycs,  for  the  composition  of  flbrin,  627  ptr 
cent  C,  6  9  H,  15-4  N.  1-2  S,  03  P,  and  23-6  0.  Com|>uruig  »hia  result  with  Um 
■nalvBifli  of  blood- aiburain  by  the  same  chemist  (L  67),  it  will  be  Bwn  that  the  oxygen 
in  fibrin  pxcpeds  that  in  albumin  >y  Tfi  per  cent,,  the  quantitiw  of  the  other  elemenli 
being  proportioaally  less.  This  diJBfi^reneo  is  quite  in  actrordance  with  the  fact  ohflerrrd 
by  Smee  (p.  639),  that  albumin  is  converted  into  fibrin  by  oxidation,  with  eepara^ 
of  OTdpbnr,  phosphorus,  and  carbonic  acid.  Ou  the  other  hand,  it  moat  be  obserTpcl, 
that,  according  to  the  analy««  of  other  cbemieta,  albumin  and  fibrin  do  not  prweot 
any  eaacntial  difference  of  compositioa :  indeed,  thp  analyses  of  each  of  these  enh- 
Htiinces  by  different  chemista  (see  abore  and  i.  &7X  differ  from  one  another  ouite  «a 
much  as  the  analyses  of  either  substance  differ  from  those  of  the  othen.  If  tney  an 
really  identical  in  composition,  the  conversion  of  albumin  into  dbrin  by  the  acrion  (if 
oxygen,  must  be  regarded  as  a  case  of  contact-action. 

According  to  MM.  Lebonte  and  Goumoens,  fibrin  is  composed  of  two  bodies  ^ 
exJiibJting,  under  the  mieroseope,  ydlowish-white  fibres,  paraliel  and  watxy  oo  th« 
sides,  as  well  as  rery  nameroiu  granulations  disseminated  upon  the  8urfac«  of  ill 
fibres  and  enclosed  by  them.     (Gerh.  iv.  464.)    See  p.  641, 

DTompogitioTi*. — 1.  Fibrin  is  decomposed  at  a  high  temperature:  it  melts,  svelU 
considerably,  takes  fire  and  bums  with  a  smoky  flame,  leaving  «  residue  of  povua* 
charcoaL    By  dry  distillatioQ,  it  yields  the  same  products  as  albumin. 

2.  Fibrin  dissoiTes  in  caugtie  pot-ash,  even  in  very  dilute  solutions  ;  at  first  it  swells  op 
and  becomes  gelutinous,  and  between  60°  and  60^*  C.  gradQaJly  dissolves,  forming  a 
slightly  opaline  yellow  solution,  which  becomes  clear  on  filtration.  Fibrin  cVms  n*4 
ntutralue  the  alkali,  but  di^cidedly  lessena  its  alkaline  properties  ;  the  solutios  baa  the 
characteristic  of  albnminatc  of  potassium,  yirlding  precipitates  with  acetic  and  with 
tribssic  phosphoric  acids,  soluble  in  excess  of  the  precipitant.  According  to 
Mulder,  if  fibrin  is  digested  with  very  weak  alkali,  and  the  solution  neutralised  with 
acetic  acid  till  it  begins  to  be  precinitated,  compotinds  with  metalb'c  oxides  may  he 
obtAinnd  on  the  addition  of  their  saJts.  Cierhardt  thinks  that  these  precipitates  an 
idf^ntical  with  the  metallic  albuminates  (i.  68).  When  fibrin  is  boi^  wilb  caustic 
potash,  ammonia  is  evolved,  and  the  b'quid  contains  sulphide  of  pot4issium.  Betted 
with  potash-lime  between  160°  and  180°  C..  it  evolves  ammonia  and  other  volatnepro- 
ductK,  while  a  small  quantity  of  a  volatile  &t  acid  is  formed,  which  rerojuni  eombiMd 
with  potash  (Wurtz).  When  fused  with  potash,  it  yields  hydrogen  and  ammoaii, 
leucine,  tyrosine,  and  probably  butyrate,  valerate,  oxalate,  &c.,  of  potj«Miiim.  (Bop p.) 

3.  Fibrin  i»  scarcely  act*d  upon  by  ammonia, 

4.  Concentrated  fximing  hi/drocfdoric  acid  causes  fibrin  to  bwcU,  and  dissolves  it  whm 
heated,  forming  a  violet  solutloQ.     When  this  solution  ia  boiled  in  ma  open  read,  it 

•  Appaari  to  liaire  loat  oltrosen  In  the  form  of 
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ntrna  tmywn,  and  u  tb»n  foond  to  contain  chloride  of  ammonium,  leacbe,  tfronne,  a 
brown  sabstAUce  Dot  yet  examined,  an  uncrystaliiaable  body  slightly  soluble  in  watw 
and  Tery  Rolable  in  alcohoU  and  a  avcet  syrupy  matter  (Bopp).  According  to  Molder, 
fibrin  absorbs  7*1  per  cent  of  gaseooa  hydrochloric  acid,  yielding  a  compound  almost  in- 
•olabl«  in  wat«T. 

According  to  laebig,  blood-fibrin  is  perfwtly  insolable  in  dilute  kydrocfdone  acid  ; 
ht  aaya  that  fibril,  macerated  in  water  containing  10  per  c«nL  hydrochloric  acid,  is 
jcndnifdly  converted  into  a  jelly,  which  shrinks  on  the  addition  of  more  concentrated 
add,  and  again  awells  up  with  pure  water,  without,  however,  any  appreciable  quantity 
of  fibrin  bnng  dissolted.  Syntonin  bowerer  dissolTM  in  the  dilute  add  more  or  less 
completely,  according  to  the  source  firom  which  it  has  been  obt&ined.  Dumas  and 
Cahours  found  that  water  containing  O'OO  1  per  cent  hydrochloric  acid  caused  fibrin  to 
t<well,  without,  however,  dissolving  it  after  48  hours'  digestion.  But  the  addition  of 
a  few  drops  of  hydrochloric  acid,  or  of  rennet,  rapidly  effect<>d  its  solution  at  36' C. 
The  experimenta  of  Bouchardat  seem  the  most  reliable,  and  have  since  been  con- 
firmed by  V,  Baumbauer  (Ann,  Ch.  Pharm.  xItH.  320) ;  they  prove  that  fibrin  is  not 
a  homogeneous  substance,  but  that  it  is  composed  of  at  least  two  bodice.  When 
niotat  fibrin,  prepured  from  whipped  or  coagulated  blood,  is  steeped  in  water  con- 
taining 0-0003  per  cent.  hynirochJoric  add,  and  therefore  scarcely  add  to  the  taste  or 
to  litmus,  il  immediately  swelk  up  and  is  converted  into  a  mass  of  very  bulky  flalees. 
The  swollen  resides  are  rent  by  prolonged  maceration,  and  the  greater  part  of  the 
fibrin  dissolves;  always  leaving,  however,  a  certain  portion  insoluble  in  execs*  of 
the  acidulated  water.  The  soluble  portion  (albumiuose)  scarcely  reddena  litmus, 
rotates  the  plane  of  polarisatidn  to  the  le>ft,  is  precipitated  in  light  fiadiei  by  haat, 
and  yields  a  precipitate  with  excr«a  of  hydrochloric  or  nitric  add,  with  tannin, 
mercuric  chlonde,  ferrocyanide  of  potaasitmi,  and  poaseasea  generally  tdl  the  charac- 
teristics of  egg-albumin  (Gerh.  iv.  166),  The  precipitate  produced  by  carbouate  of 
amiDonia  in  the  aoiution  hua  the  following  composition  (it  left  no  aah  on  induera- 

f 

H        BoQchardat  terms  the  undissolved  portioo  epidermose,  and  oonaideca  it  to  be  identical 
f    with  the  chief  con^iluent  of  the  epidermis  and  of  homy  8iiibttanc«si. 

6.  Nitric  acid  Xwmt  fibrin  yellow,  and  readily  dissolves  it  by  ebullition,  forming  an 
orange-yelluw  acid  substance,  xanthoprott'ic  add.     (Mulder.) 

16.  Concentrate  tuiphuric  acid  cauaea  fibrin  to  swell,  and  diasolvea  it  by  heat.  The 
dilute  acid  does  not  dissolve  fibrin. 
7.  Glacial  acetic  acid  dissolvea  the  granulation  of  fibrin,  without  attacking  the  fibroua 
portions  (Lebonte  and  Oonmoens).  Cunceotrated  acetic  add  imm^ateU-  con- 
verta  fibrin  into  a  colourless  jelly,  dia»olving  readily  in  hot  water  (according  to  F.  Simon, 
the  g«Iatinoufl  mass  does  not  dia(»olve).  The  acetic  add  scklution.  evaporated  at  a 
gentle  beat,  becomes  covered  with  a  film^  and  then  assumes  a  gelatiuous  appearance ; 
Uie  dry  reddue  is  insoluble  ha.  water.  The  solution  is  precipitated  by  ndphurie  and 
hydrochloric  adds;  also  by  alkalis,  but  the  precipitate  redissolves  in  excess  of  the 
predpitant. 

8.  Tribatic  phoapkorio  add  renders  fibrin  gelatinous  ;  the  Jelly  di^Ives  in  water  and 
is  not  precipitated  by  excess  of  acid.    Mftaphu*pharic  aciVi  behavea  like  aulphuric  add. 

9.  Acooroiag  to  Lehmiinn  and  Zimmermann,  tht  several  kinds  of  fibrin  diasolve,  for 
tha  most  part,  in  alkaline  saltt;  syntonin,  however,  is  insoluble  in  dilute  nitre 
Bolntion  (Lehman a).  Ndtber  arterit^  nor  venous  fibrin,  when  boiled  in  water  or  ex- 
poaed  to  the  air  for  some  time,  is  soluble  in  nitrate  of  potassium.   (Denis,  Scheersr.) 

10.  Denis  employs  the  following  process  for  dissolving  fibrin  in  nitrate  of  potassium: 
— 5D  pts.  well-washed  moiat  venous  fibrin  are  triturated  with  |  of  their  weight  of  nitre ; 
water  equal  to  4  times  the  weight  of  the  fibrin  employed  is  gradually  added  ;  and  then 
,'h  pt.  of  caustic  soda  or  potash.  The  whole  is  allowed  to  digest  at  about  37°  C,.  with 
conntant  agitation.  The  mixture  first  becomes  gelatiaooa,  then  viscid,  and,  after  a  few 
days,  liquid ',  a  small  residue  always  remftininc.  The  liquid  thus  obtained  cDH)^lates 
by  boiling,  like  albumin,  and  is  precipitated  by  alcohol,  mer^-uric  chloride,  acetate  of 
lead,  &c.  If  alkali  be  not  added,  the  solution  is  precipitated  by  the  addition  of  a 
largi'  qnantity  of  water  (Gerh.  iv.  468).  The  solution,  exposed  for  some  time  to  the 
air.  grudoally  becomes  lurbid,  and  depo*ita  flakes  which  are  insoluble  in  the  motbei^ 
lirraor, 

Yot,  II.  T  T 


VMtML 


!■« 


642 


FIBRIN. 


11.  If  fibrin  be  diMoIred  in  potash,  and  acetic  or  phoftpboric  acid  added  to  Ute  aok* 
tion  till  the  precipitate  fint  formed  rediesolTets  a  liquid  is  obtained,  trom  which  vhit« 
Bakes  are  precipitated  bv  neutral  salts  (Pan um).  The  potaah-Bolution  is  pi«ci|Htated 
by  mercurte  ekhridi,  aulphatt  of  copper,  and  acetate  of  lead. 

12.  Tannin  ofg&U-nutM  precipifatcs  fibrin  from  ita  saturated  aolutiona;  it  comlnmA 
with  moist  fibrin,  forming  a  hard  imputrescible  masa. 

13.  Ferrocyanide  of  potoMium  prodocee  with  the  acetic  acid  solation  awhite  precipi- 
tate, which  at  first  redissolTes  bnt  afterwards  becomes  permanent.  It  is  not  diaolTed 
bj  diluted  ac^ida,  but  is  decomposed  by  alkalis  and  even  by  ammonia. 

14.  Sulphuric  acid  with  prToxideofTnanganeM,  or  add  ekrovuUe  of  potaxsivm,  yieldi 
with  fibrin  thf  same  product*  as  with  albtimin  (L  67). 

Sourcf*  and  phi/fiolopcal  relations  of  Fibrin, — Lohmann  {^GmelirCB  Handbvek^MvX, 
[2]  167),  consiaera  that  fibrin  is  formed  from  albnmin  in  the  animal  organism,  possibly 
by  the  latter  taking  up  oxygen,  a  mode  of  formation  rendered  highly  probable  by  tht 
results  obtained  by  Smeo  (p.  639),  in  the  artificial  production  of  fibrin  £roffl  albojnin. 
The  ocCTUTfUce  of  fibrin  in  the  chyle  ij  not  opposed  to  this  view,  partly  because  fibiia 
may  be  conrpyed  to  this  fluid  by  the  lymphatics  and  blood-reeseli,  and  partly  beeaoM 
all  the  juices  of  the  animal  body  contain  free  oxygen  (Lehraann).  Nrither  is  the 
formation  of  fibrin  from  albnmin'by  oxidation  contradicted  by  the  £ftct  that  in  pnea- 
monia,  when  a  portion  of  the  luni^  i*  rendered  impermeable  to  air,  and  oonseqaeotlj 
the  supply  of  oxygen  must  be  diminished,  the  quantity  of  fibrin  in  the  blood  t>  i»- 
creased.  The  fact  ia,  that  the  conversion  of  albumin  into  fibrin  is  only  the  fizvt  itapi 
in  the  process  of  oxidation,  which,  wh«n  farther  continne«l,  transforms  the  fibrin  into 
urea,  and  various  othcx  oxidised  product.s,  which  pass  into  the  excretions,  so  that  the 
scanty  supply  of  oxygen  which  the  blood  receires  in  certain  diseaaaa,  maybe  rafBcieDt 
to  convert  the  albumin  into  fibrin,  but  not  to  oxidise  it  further. 

Fibrin  is  not  simply  su^ended  in  the  blood,  as  Hunter  and  othen  snppoaed. 
It  is  not  true  that  it  is  kept  in  solution  by  alkalis  or  alkaline  sa-lts,  and  tliat  the  ooafa- 
brion  is  caused  by  the  neutralisation  of  the  flolvent  with  carbonic  acid  from  the  m, 
sinee  blood  saturated  with  carbonic  acid  is  found  to  coagulate  much  more  slowly  thai 
blood  deficient  in  the  gas,  and  the  addition  of  alkaline  carbonates  retards  or  eatirdy 

E "events  the  coagulation  of  blood.  The  cause  of  spontaneous  coagulation  is  not  knows, 
lood  stagnated  in  veins,  and  thus  shut  out  from  the  air,  is  always  much  loi^  is 
coagulating  than  when  there  is  a  free  access  of  air.  [fence  the  pre8<*nce  of  air  seen* 
necessary  for  the  coagtikition  of  blood,  as  is  rendered  highly  probable  by  noiBMMl 
experiments,  from  which  it  has  also  been  concluded,  by  t^ing  the  action  of  difRfnol 
gases,  that  oxygen  ia  the  principal,  if  not  the  sole  agent.  The  cosgnlation  of  blood  in 
closed  Te»sel.<j  is  probably  due  to  the  slow  evolution  of  oxygen  dissolved  in  the  fluid  of 
the  blood-ceUs,  and  the  rapid  coagulation  of  blood  in  an  exhausted  receiTcr  may  tnR 
from  the  sudden  and  rapid  cvolub'on  of  the  gas.  {Gmclin'g  Handbuch,  viii  [2]  156-7.) 

C.  Schmidt  thinks  that,  in  the  circmlahon,  the  fibrin  is  combined  with  nentzal 
albuminate  of  sodium,  forming  an  acid  salt,  which  is  resolved  into  its  components  oo 
leaving  the  circulation.  The  fibrin  forms  the  clot,  while  the  albumin,  which  ia  prsei' 
pttuted  from  the  serum  on  boihog,  he  supposes  to  have  been  previously  in  combinatiao 
with  chloride  of  sodium,  which  reniaina  in  the  mother-liquor,  together  with  the  oentnl 
albuminate.   {G-meUn*»  Handbuch,  viii.  [2]  155.^ 

According  to  W.  6.  Richardson,  the  coagulation  of  fibrin  is  consequent  upon  an  ex^ 
halation  of  ammonia  from  the  blood  \  but  this  seems  very  doubtful  According  to 
Ijister  (Proc.  Roy.  Sop.  xii.  680),  the  coagulation  is  brought  about  eatalytieaUy  bjr 
contact  with  foreign  matter :  whence  blood  remains  fluid  in  the  veflsels,  not  beeaia* 
their  walls  exert  any  iaflaeoce  opposing  coagulation,  but  because  during  life,  and  te 
eome  time  after  death,  they  do  not  act  as  exciters  of  coagulation. 

It  has  been  supposed  that  blood  coagulates  more  slowly  the  less  fibrin  it  eentainf ; 
but  this  in  many  instances  is  not  the  case,  and  the  coagulation  of  blood  appears  to  b« 
tnodificd  by  other  causes. —  The  blood  of  amphibious  animals  coagxdat€«  the  naal 
slowly,  that  of  bu-ds  the  most  rapidly.  The  blood  of  the  small  veins  contains  bww 
fibrin  than  that  of  arterial  blood,  in  the  proportion  of  6  :  4.  so  that  a  coniidcraU* 
quantity  of  fibrin  appears  to  be  formed  in  the  capiUariea,  although  it  must  be  rennB- 
Iwred  that  the  fibrin,  owing  to  the  diminution  of  blood-cella,  is  in  part  only  relativelj 
increajted.  The  percentage  of  fibrin  in  the  blood  of  the  wna  cava  is,  even  wtiea 
this  blood  is  unmixed  with  the  liver-blood  (which  does  not  contain  fibrin),  Teir  small 
in  proportion  to  that  of  arterial  blood, — about  214  :  410.  In  accordanoe  wiutbat 
data,  Lehmann  considers  that  fibrin  is  principally  formed  in  the  arteries,  increased  ia 
the  eapillariea,  and  disappears  in  the  larger  veins  {loc.  cit.  p.  699). 

Normal  human  blood  contains  about  2-55  per  cent,  fibrin  (Nasse).  Blood  tsni<l 
to  yield  loss  fibrin  by  agitation  than  by  spontaneous  coagulation,  to  the  amoont  of  |lh 
less  (Marchal  de  (^alvi).    Abbeille,  however,  saya  that  more  fibrin  is  obtaissd  trm 
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l)lood  by  agiUtion  than  bj  spontaneon*  ooaguiation,  and  that  blood  lieat«d  to  6<P  C. 
^ielda  bj  agitation  more  fibnn  than  at  th«  oommoa  t«inperatiin>,  bat  that  agitation 
has  a  greater  effect  on  the  qaantity  of  fibrin  thun  the  t«mperatvre ;  blood  coagulated 
«t  0^  C^  yielda  less  fibrin  than  at  the  common  temperature.  It  vas  foaod  that  the 
blood  of  rabbits  did  not  coagulate  when  cnrbrtnate  of  sodium  or  of  potosnium  had  pr«* 
Tiooflly  been  idected  into  the  vein. 

Coagolating  blood  coola  much  more  elowlj  tJian  non-coagolating  blood  at  the  same 
temperatnn.  The  passage  of  fibrin  fixim  the  soluble  to  £e  insolnble  stAte  ia  fiither 
the  eaoae  of  the  erolntion  of  heat,  or  hinders  the  procecn  of  cooling  (LehiBaaa). 
Aeeording  to  Nasae  and  Poggiale,  the  blood  of  oew-bom  chJdren  contaiiu  much  leaa 
fibrin  than  that  of  adolta,  the  angmentation  being  espedally  large  at  the  age  of 
puberty.  According  to  Nasae,  the  blood  of  women  eontaina  on  the  average  2*20  pei 
ooDt.  of  fibrin ;  according  to  Aadnd  and  Gararret,  the  proportion  increases  donng 
pmpuuiey,  eepeciiill^  in  the  last  three  months.  Lebmann  found  more  fibrin  in  his 
«wn  blood  Wnen  living  eicluaivolj  on  animal  diet,  than  on  regetable  diet,  a  result 
which  Nasse  had  arrived  at  by  experimenting  upon  doga  ( Gnulin'a  Handbuch,  viii.  [2] 
188).  The  quantity  increaaea  by  fasting  or  by  bloixi-letting,  while  the  number  of 
blood-oells  decreaaee. 

The  fibrin  of  portal  blood  is  deecribed  by  Schmidt  aa  a  Tiaeid,  gelatinous  mass. 
That  of  ehiflt  is  distinguished  from  blood-fibrin  by  a  lower  degree  of  contracting  and 
by  not  gelatinisiDg.  Like  the  fibrin  of  many  morbid  secretions,  and  that  of  fish,  it 
•ometimds,  and  especially  in  warm  atmoepherea,  redissolres  a  few  hours  after  coagu- 

[  lation.     Lffmpk'fibrin   is  exactly  like  that  of  blood.     Oornp-Besanez  (Ann.  Ch. 

i  Phann.  xcir.  166-9)  found  a  peculiar  kind  of  fibrin  in  an  iiifiltrat«l  liquid 
obtained  finom  the  chest  of  a  tuberculous  patient.      It  swelled   up   in   water,   and 

I  then  formed  a  turbid  solution  on  being  heat«d.  The  residue  from  the  evaporated 
■olntion  diasoWed  readily  by  a  gentle  heat  in  hydrochloric  acid  of  1  per  cent.,  but 
w«a  isaolttble  in  a  solution  of  nitre  containing  6  per  cent  of  the  salt  Fibrin  is  not 
generally  fonnd  in  normal  infiltrations. 

The  following  table  contains  the  percentages  of  fibrin  in  the  blood  of  dii&reDt 
^_  a-"iTr'*^'^ ', 

^^L  Aodrat,  Garsrrct, 

^H  Kau«.  Ppggl«le.  wid  D«l«fond 

B(Oinelin'sBaiu»ueA,Tiii.  [2]  188.) 

'  Fibrin  is  disaolred  by  bQe  free  from  macua.    (Hunefeld.) 

Fibrin  is  mora  easily  digested  than  coagulated  albiamin  or  casein.  With  dogs  it 
appears  to  digest  entirely  in  the  course  of  three  hours.  Its  digestibilitj*,  however,  is 
naturally  influenced  by  the  state  of  aggregation ;  boiled  fibrin  is  more  slowly  dsgestL-d 
tbati  raw  fibrin. 

Mulder  (JahTeab.  £  Chem.  1869,  p.  638)  remarked  tliat  fibrin  placed  in  a  full 
bottle,  with  a  little  diastase,  swelled  up  and  pnrtlT  disaolred,  but  after  a  time  resumed 
its  primitive  form.  He  thinks  this  is  owin^  to  the  fact  that  a  given  qaantity  of  dias- 
tase can  only  effect  the  solution  of  one  and  the  same  quantity  of  fibrin,  which,  aAer  tb« 
diastase  has  perfonned  its  office,  again  returns  to  ita  former  at  ate, 

Fibrinous  casts  of  the  uriniferons  tube*  of  the  kidney  are  sometimes  met  with  in  the 
urine  of  persona  suffering  from  Brigbt's  disease;  moreover  the  so-called  chi/loui  unm 
is  sometimes  spontaneously  congulable,  from  the  solidification  of  fibrin. 

Fibrin  occurs  in  miJk  only  when  the  latter  contains  blood. 

In  inflammatory  diseases  of  the  mucous  membranes  {IHfhtheria,  Pneumonia,  Py*m' 
Ury^  Brifjht'e  diata*f,  fcc),  fibrin  is  found  in  the  secreted  fnucut.  C.  K  L. 

rTBXOK,  VSOBTASIfB.  IntoluiUe  DeatiabU  albumn  ifieTZtVixi%\  Zi/moms 
(Tadde  i). — The  portion  of  the  gluten  of  cereal  plants,  which  is  insoluble  in  iilcohol ;  in 
the  gluten  of  wheat  it  is  mixed  with  gliadin ;  in  that  of  rye  and  barley,  abio  of  buck- 
wht-nt,  with  fatty  and  resinous  flubstanec". 

To  prepare  it,  wbeut-glat^^n  is  repeatedly  boiled  with  alcohol,  till  the  liquid  no  longer 
l««ve«  any  residue  on  pvaoonifion.     It  tb^n  remains  in  the  form  of  a  greyish-white, 
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elastic  mam,  still  coDtaminated  with  rniaU  qaantities  of  Btarcb  uid  chtS,  from  wiaeh 
it  mav  be  fn?«d  bj  »olution  in  dilute  potaflh,  and  precipitation  mtb  acetic  iicid:ilM 
with  rat,  which  may  be  remoTed  by  Bubseauent  treatment  with  ether.  The  glnt«c 
aftfr  exhaoatiora  with  alcohol,  may  also  be  oiaaolved  in  very  dilute  hydrochloric  and, 
which  ^aaily  takea  np  the  fibriii,  and  yielda  it  as  a  precipitatfl  OB  neutndiaatioii  witb 
ammonia.  The  hydrochloric  acid  nolutioD  behaves  jost  like  that  of  ninBel«>fil»i]i,  aad 
18  precipitated  in  thick  flakes  by  chloride  of  sodium. 

Vegetable  fibrin,  when  dry,  formn  a  brownish  homy  maan,  which  recoT*i»  its  fenan 
dmracter  by  maceration  in  cold  water.  It  diasolvea  in  acetic,  ht/drochlone^  amd  pkim. 
pkoru)  acids,  ia  the  fired  alkali*,  and  m  anunomVi,  and  ia  precipitated  from  thcK 
•olutions  on  neatndiaation.  

100  pts.  of  TQgetld>I«  fibrin  yield  by  analysis : 


H» 


tkc,  d,  «■-,  /  w<!re  extracted  from  gluten  of  wheat ;  A  from  gluten  of  rye,  d  and  «  bad 
been  treated  with  diastase ;  f  was  the  same  as  e,  but  had  beea  kept  in  boOiag  wiUr 
for  three  days,  then  waahed  and  dried  at  140°  C. ;  ff  was  extracted  from  rye. 

These  analyses  show  that  vegetable  fibrin  has  essentially  the  same  eompocitioa  a 
animal  fibrin.     The  ash  does  not  contain  any  soluble  alkalis.     (Liebig.) 

Vegetable  fibrin  nndergoe*  gradufil  alti^ration  in  contact  with  moiatore,  and  ia  tmt- 
formed  in  a  similar  maaner  during  th«  germination  of  cereal  grains,  giviii^  rise  in  thi 
latter  case  to  the  peculiar  ferment  called  diastaseQ),  319). 

The  green  deposit  which  separates  from  expressed  vegetable  joiees  on  standing, 
probably  contains  vegetable  fibrin,  but  it  has  not  been  exumiced. 

l*XB3lOFEKBrrz.  A  basic  fem'c  su!phat«  occarring  in  Chile  in  botmidtl 
mA^Bct<,  having  a  radio-Ebrous  structure  and  pale  golden  green  colour.  Aeoordinc  to 
an  analysis  by  F.  Fiel  d  (Chem.  Soc  Qn.  J.  xiv.  156),  it  contains  81-94  per  eeoL  SO, 
81'8&  Fe*0'  and  35  »0  water,  whenca  the  formula: 


Scherer.* 
a           b 

JonMt 
e 

68-1 
7-0 
166 

Dunu  and  CahooriLt 
d           e            f          r 

Carbon 
Hydrogen  . 
Nitrogen     , 
Sulphur 

.    64-2      64-2 
.      7-3        7-6 
.     lfi'8       16-8 

'fi32      634       53-4       6%  7 
70        70         71         7-1 
16-4       160       lS-8 

Oxygen 

Pe«0*.2S0»  +  lOH'O 


^^:\o' .  i.H.o. 


When  exposed  to  the  air  for  some  weeks;  it  gives  off  2  at  water  ;  at  the  heat  of  ttt 
water-bath  7  at.,  and  the  remaining  3  at.  at  260^  C,  leaving  the  anbytlroos  mM 
Fe'0*,2S0'.  It  dissolves  partially  in  cold  water,  imparting  a  slight  acid  refcption.  In 
water  of  43"  C,  it  is  rceohed  into  an  insoluble  yellow  ochrey  rabataaoe  =  SFe'O'JSO* 
-I-  3H*0,  soluble  neutral  ferric  sulphate,  and  free  sulphuric  acid : 

3(Fe'0».2SO»)  +  2H»0  =  2Fe'0».S0«  -♦■  Fe«0».3S0*  +  2H>90». 
The  insolublf  ochrey  substanee  is  often  found  associated  with  flbrofieaTite.    (Field.) 

RSXOZV>  A  substance  allied  in  composition  to  homy  tissue,  and  eoostitatxa^ 
according  to  Mulder  (Fogg.  Ann.  xxxvii.  294  ;  xl.  2&6},  the  fibre  of  silk  and  of  goMi- 
mer-threads.  It  is  obtained  pure  by  exhausttng  raw  silk  successively  with  boiling  wilai^ 
alcohol,  ether,  and  acetic  acid ;  these  solvents  removing  albumin,  a  glutinous  sabi 
fat,  and  colouring  matter.  The  silk,  after  this  treatment,  ia  very  white,  soft  to  the 
and  destitute  of  lustre.  Itcoutalns,  after  deduction  of  aah,  46  53  per  cent  carbon, 
hydrogen,  17-35 nitrogen, and  perhapa  a  little  sulphur,  besides  oxygen.  The  aah,  which  i) 
in  considerable  qttaahty,  con  tains  time,  magnesia,  ferric  oxide,  oxide  of  mannaesMBd 
soda,  in  combination  with  carbonic,  sulphuric,  hydrochloric,  phosphoric,  and  silideaeiik 

Fibroin,  when  calcined,  emite  the  odour  of  burnt  horn.  By  dry  distiUatiaB,  it 
yields  a  large  quantity  of  carbonate  of  ammonia,  water,  empyreumatic  oil,  and  so 
abundant  reai  Jue  of  charcoal.  Dilute  aqueous  potash  does  not  act  upon  it  in  the  (oM, 
but  dissolves  it  at  the  boiiiag  heat  Strong  potash-ley  dissolves  it,  forming  a  solntkNt 
which  is  precipitated  by  acids  and  even  by  pure  wat«r.  Solid  hydrate  <^  potasnn 
converts  it  into  oxalate.  Fibroin  does  not  dissolve  in  ammonia  or  in  alJuimt  c»- 
donatei.  Strong  sidphurtc  acid  dissolves  it  in  the  cold,  forming  a  thick  liquid,  wliirh 
forms  with  water  a  solution  precipitable  by  infusion  of  gall-nuts  and  by  caustic  potash ; 
the  precipitate  formed  by  potash  dissolves,  however,  in  excess  of  the  resgent    Straf 
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hydrochloric  acid  dusolTPs  fibroin,  the  solution  turning  brown  when  hcAted.  Dry 
fibroin  absorb*  7-4  per  cent,  hydrochloric  acid  giw.  Fibrom  Ukewioe  diaaolves  ia 
•trong  nitric  add,  jielding  oxalic  acid  when  he«t«Ki,  and  in  phosph»ric  acid. 

The  organic  matter  of  sponges  exhibite  the  same  characters  as  the  ftbroio  of  silk ; 
aft«r  exhuostJoD  with  dilate  hydrochloric  acid,  alcohol,  and  ether,  and  drying  at  lOO^ 
C,  it  contains: 

C  H  N         »        P         I  O 

46'fil   6-31    16-16   050  1-90   108   27-65     Crookewit{Aim.Ch.Pharm.xlnu.4S). 

48-50  6-29    ie-15   ash  3-59  Posselt  (1M4/.  sir.  192). 

According  to  Mulder,  tlie  orgunic  matter  of  sponges  ia  a  corobinatioo  of  flbroin 
with  Bulptiar.  phosphorus,  and  iodine;  bnt  these  eicmenta,  with  the  oiception  ol 
•alphur,  do  not  form  an  eas«ntial  ptirt  of  the  organic  matter.  (Oerh.  ir.  499.)  8e« 
Sposgb. 

TCSKOXtTTS.     A  flbrooB  rariety  of  SnxniAirrni  {q,  v,) 

FZCBTSiliXTa.  A  fosBil  resLn,  isomeric  with  oil  of  tnrpentfoe,  found  rogetJicr 
with  kuulite,  iit  Redwitz  in  the  Ficht*^lgebirg.  It  forms  smaU  monoclinic  crystals, 
melta  at  4d°'  C,  and  solidifies  at  36'^  vn  the  crystalline  stat«.  Slightly  soluble  ia 
aJcohol,  easily  in  ether,  and  separates  therefrom  in  tabular  crystals,  exhibiting  the 
combinatioo  oP .  +P.  -P.  —Poo  .  +pao,  bat  with  the  pair  of  faces  -F 
wanting  on  the  right  of  the  orthwliagonal,  and  the  pair  +  P  oti  the  left  Inclination 
of  oP:  -Poo    =127**  46';  oP:  +  Poo    =106°  26';  -P:  -P(on  the  orthodiagonal) 

-  990  0';  +P:  +P(on  the  same  axis)  -  I08*>  40';  -Poo  :  +  Poo  (at  tJie  ba«e) 

-  126°  50"  (Clark,  Ann.  Ch.  Pluirm.  ciix  226).  Schrotter  (Pngg,  Ann.  lix.  37>, 
by  exhausting  the  pine-wood  found  at  Redwita,  whieh  is  impregnated  with  fossil  re«iin, 
with  ether,  obtained  lyloretin  iQ.v.\  which  cryatalliae^i  from  the  solution,  and  an 
oily  mass  which  deposited  a  small  qnantity  of  brown  resin,  and  then  a  light  yellow 
liquid,  emelUng  like  benzoin,  sparingly  soluble  in  aJcobol,  easily  in  ether,  and  having 
iho  same  composition  as  flchtefite;  it  may  be  caUed  liquid  fichtelite.  Analysia 
gare: 

Solid  FichttliU,  Liquid  FickUUU, 

Brnmclj.  CUrlu  Schrottw. 

Sg-07  87-13  88  58 

10'70  12-87  11-34 


Carbon 
Hydrogen 


98-77 


10000 


99-92 


Both  these  sabstancea,  as  well  as  hartite  and  tekoretia,  haTO  the  composition  C'*!!**. 
(BammtUbcrg't  Minerakkemis,  p.  976,) 

WtCAMXJk,  The  plant  called  p i  1 0  -  w o r  t  (Bantmculia  Fiearia,  L.  Fiearia  ran un- 
aUoSdes,  Dec.),  is  8ai<C  by  8 1  Martin  (Rip.  Chim.  app.  L  425),  to  contain  a  peculiar 
tnbatanoe  called  ficarin,  dowlj  TCsenibling  saponin,  and  differing  therefrom  only  in 
not  being  coloured  by  ferric  chloride.  It  it)  said  to  be  obtained  by  treating  the  aqiiAnaa 
extract  with  alcohol,  or  the  alcoholic  extract  with  water,  and  evaporating.  The  lesvea 
give  only  traces  of  it,  the  tubers  more,  and  the  roots  a  still  larger  quantity. 

The  plant  is  also  said  to  contain  an  acrid  volatile  add,  easily  decomposed  bj  hea^ 
and  p^»bably  occurring  in  all  plants  of  the  rannnDalaoeoos  order. 

rzcAmxxr,    See  Ficuua. 

nczVZTB.    See  VmAKm. 

nuVS.  The  stems  and  bmtiches  of  planta  of  this  genas  yield  a  viscid  milky  juic^ 
containing  caoutchouc  or  resinous  substances  resembling  it :  caoutchouc  is  most  abun- 
dantly containetl  in  the  juice  of  the  stem  of  Fieus  elastica,  from  which  a  considerable 
portion  of  the  caoutchouc  of  commerce  in  obtained. 

The  milky  juice  obtained  from  the  young  stems  of  the  common  fig-tree  (Fictia  earica) 
haa  an  aromatic  odour,  and  sharply  aromatic,  bitter  taste,  reddens  litmus  slightly,  does 
not  ooagulata  when  boiled,  but  deposits  a  white  Tiscid  substance.  It  contains  an 
odoriferous  subetance,  cerin,  a  very  small  quantitjr  of  a  bard  resin  insoluble  in  ether, 
csOQtchouc,  a  deliquescent  extractive  matter  having  a  shwrp,  bitter,  na-jseoua  taste ; 
also  goto,  albumin,  stdphatcn,  chlorides,  the  salts  of  vegetable  acids,  and  a  free  nege- 
table  acid.     (Oeiger  and  Reimann.) 

The  juico  which  exuiica  from  the  milky  husks  of  green  figa  contains  cerin,  a  resin 
having  a  sharp  burning  ra«te,  and  a  substance  like  caoutchouc.  On  exhausting  the 
hnaka  with  alcohol,  and  distilliag  the  alcoholic  extract,  an  acrid  distillate  is  obtained, 
which  deposits  crystuls  ;  the  reaidue  is  a  resia  quite  free  from  acridity  (Landerer.) 
Dried  figs  contain,  according  to  Bley,  £iit,  sugar,  extructivo  matter,  chloride  of  caldnm, 
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ft  salt  of  phospboric  add,  vegetable  fibres  and  (?)  seed-genus.  {RochUdti'*  Plfc 
p.  203.) 

The  milky  juice  of  the  young  l->mQclie«  of  Ficta  tlastica  costaias  riflcin  (a  dnctiL^ 
soft:  resin,  insoluble  in  alcohol),  resio,  wax,  gum,  extractire  matter,  and  a  Uin«-«a]t, 
That  of  the  stem  is  tiimilarly  con6titat«d,  but  contaixu  caoutchoac  instead  of  rii^ia. 
(Npc8  V,  Esenbeck  and  Clamor-Marqnart.) 

The  fresh  acid  creamy  juice  of  Ficm  sylwatris  (St  Hilaire),  and  F.  doliaria  (Hart), 
South  American  species,  dries  up  in  the  sun  to  a  radish -yellow  elastic  masa^  !«• 
6«mbling  Kutta-percha,  easily  soluble  in  ether  and  chloroform,  oearij  inaoloble  is 
aU^hoL  The  fresh  juice,  when  filtered,  leaves  on  the  filter  a  white  leathery  nuut,  eoo- 
taining  a  aubstanec  refl<wnbling  caoutchouc  (amounting  to  ITl  per  cent,  cf  the  entipe 
jaiec),  an  amorphous  substance  (6-2  per  cent.),  and  a  granolar  substance  (0-47  yft 
cent.)  soluble  only  in  hot  alcohol  ana  ether,  a  substance  (116  per  cent,)  soluble  ia 
cold  alcohol  and  ether,  a  reainous  bitter  substance  (0*2  per  cent),  and  a  waxy  sulwCun 
(0-3  per  cent)  The  filt«red  light  brownisb  liquid  contains  4  per  ccnt^  of  a  rabataaei 
resembling  uncrystallisable  sugar,  and  a  gummy  sabstaacc  soluble  in  water  (togetLer 
with  the  salts  of  an  organic  acid,  albumin,  tannin,  and  a  small  qiiazitity  of  a  free 
organic  acid^  in  all  170  per  cent).  Peckolt  (ArcL  Pharm>  [2]  er-  31 ;  Jabn^^ 
f.  Cliem.  1861,  p.  743).  ^H 

Ficui  rubiginota,  an  Australian  species,  yields  a  resinous  exudation,  reaemblisr  i^ 
phorbium  in  appearance,  varying  in  colour  &om  dirty  yellow  or  red  to  almoat  in^ 
solid,  generally  brittle,  but  tough  in  the  interior  of  large  pieces,  opaque,  with  dull  4bd 
wax-liko  fracture;  at  30°  C,  it  eofY«aB  and  becomes  plastic,  like  gUttSr-perchji,  but  XdA 
Btit?ky,  provided  it  has  been  previoualy  wetted  with  water.  In  ita  natural  state,  it  )m 
neither  taste  nor  odour,  but  evolves  an  odour  like  that  of  wax  when  heated,  and  erisesi 
a  characteristic  taste  on  being  masticnted.  It  is  quite  insoluble  in  watrr.  either  kC 
or  GoMi  The  greater  part  of  it  is  aolublo  in  cold  alcohol,  and  a  considerable  pottua  of 
the  renaiader  in  hot  alcohol,  and  by  treating  it  with  those  solvents  in  f»fWMMMB)  it 
may  be  eepurated  into  the  foUowing  confititueuts : 

Resinous  substance,  Sy  core  tin,  easily  soluble  in  cold  alcohol       .         .         ,73 
White cryBtallinesub8tance8,chieflyAcetate  of  sycoceryl,  CH»O.C*H*.0, 

insoluble  in  cold  but  soluble  in  warm  alcohol 14 

Caoutchouc,  fragments  of  bark.  Band,  and  losa      ......    IS 

Warren  da  la  Bue  and  Hugo  Muller(Cbem.Soe.  J.xt.62).   See SrooCBKTL lad 

SYCoaHTtH. 

rZELOZTX.  A  maasiTB  mineral,  reeembling  grey  aotimomal  copper,  from  Ibe 
neighbourhood  of  Coquimbo  in  Chile,  soft  and  unctuous  to  tbe  touch,  with  dui 
greenish-grey  colour,  and  red  strcaL  An  analysis  by  Field  (Chem.  Soc.  Qa.  J, 
iv.  332),  gave : 

S  Sb  Ai  Cu  Zn  Fn  Ac 

80-85        20-28        8-91         8872        726        1-23         0-07  =  9982; 

whence  Rammelsberg  {Mineralchanie,  p.  993)  deduces  the  formula  4M-S.3b'S'  m 
M*S.2M»SbS*,  the  antimony  beiag  partly  replaced  by  arsenic^  and  the  symbol  M  stssd- 
ing  for  Ccu,  Zn,  and  Fe. 

FiaTntc  STOWB.    See  Aomjtatoute  (i.  60). 

FZUCIC  ACID.  C"H"0*  or  C«jff'«0«»  ?  (Luck,  Jahrb.  pr.  Phann.  tdL 
129 ;  Jalireaber,  £  Chem.  1861,  p.  o58.) — An  acid  obtained  from  tbe  root  of  thetsnn- 
mon  male  fern,  Aspidiutn  Fiiix  mas.  The  extract  of  the  root  (especially  d  tlitt 
collected  in  autumn),  prepared  with  anhydrous  ether,  and  concentrated  to  an  oily  n»' 
aistcQce,  deposits  the  acid  after  a  few  days  in  the  form  of  a  green iah-yellow  powdor.or 
a  ycUow  crust,  which  may  be  purified  by  waahing  with  a  mixture  of  alcohol  aodethff. 
and  recrystallisatioa  from  ether;  or  the  impure  fiJicic  acid,  after  washing  with  etiMh 
alcohol  and  pressing,  may  be  suspended  in  warm  alcohol,  and  disaolred  by  additiM  «f 
a  little  ammonia,  the  solution  filtered,  the  filtrate  being  allowed  to  drop  into  d>?Qtl 
hydrochloric  add,  and  the  washed  precipitate  treated  with  warm  alcohol  of  80  pff 
ceut^,  till  it  no  longer  colouni  the  alcohol. 

Filicic  acid  thus  prepared  ia  a  whitish-yellow  or  light  yellow  emtalline  poiHa; 
insoluble  m  water,  weak  alcohol,  and  acetic  add;  sparingly  soluble  in  stxtnig aleolM], 
xnoro  soluble  in  ether  (especially  in  presence  of  a  small  quantity  of  flxed  oO)t  As 
fiolntion  reddens  litmus.  It  dissolves  also  in  fixed  oils,  oil  of  turpentine  and  wek-ofl. 
and  Tcry  easily  in  salphido  of  carbon.  It  melts  at  161°  C,  and  solidifies  in  the 
amorphous  stute ;  decomposes  ut  a  higher  temperature.  Lock  ezpreases  iU  ccmpoi 
•itioQ  by  the  improbable  formuls  C**B}*0^, 
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Tilidc  acid  dia9olr«a  nadily  in  allcaliA  The  todivm-Mlt  forms  an  amorphoiu 
gummv  tnass,  whose  Holation  yieldii  vitb  nratral  &(!<jtAt«  if  lead,  a  yellowish-white 
curdy  'i»'"*^'l'>^«te,  which,  when  dried  in  t»cuo  (»a  were  al*o  the  follnwinK  »uh»tiince«), 
ha»,  a<'corUing  to  Luck,  the  composition  l'bO.C**Ii**0" ;  it  should  perhapa  bfl 
C*^»P6(y'«,  or  C"H'»PbO». 

CkiorojUicic  acid,  C»'H'»C10',  or  C*H**aO**  (?),  produced,  with  evolation  of  hydro- 
chloric arid,  hy  the  action  of  chlorine  gsm  on  aolid  fiiicic  iu!id,  ia  a  tur{>entine-like 
ma«8,  which,  aft<?r  solution  in  idcahQl  and  eponUneona  eraporation,  s^paratett  in  yellow* 
brown  amorphoua  dropa.  The  alcoboLic  solution  forms  with  acet&te  of  lead,  a  Loam* 
eoloored  precipitate,  which  containa  PbO.C^H**ClO**,  according  to  Luck;  more 
probably  C"H"FbC10\  When  treated  with  Btrong  alcohol,  it  gives  up  part  of  its 
acid.  TricklorofUicie  acid,  C'*H'*C1'0*  or  C-WCPO'*  (?),  ia  obtained  by  the  action 
of  chlorine  on  fiiicic  acid  sospcnd^l  in  water,  aa  a  yellow  powder  insoluble  in  cold 
water,  but  soluble  in  hot  water,  and  in  aloohol,  ether,  and  oils,  both  fixed  and  Tolatile. 
Ita  alcoholic  solution  forma  with  acetatn  of  Irad,  a  loam-ooloared  precipitate  containing 
JHiO.C-'fr'CrO"  (Luck),  more  probably  C"H»*PbCl»0*. 

1*XUIIS£]&Z8ZC  ACXS,     8«e  Filjp£u>9IC  Aoi). 

TZ£ZBCZXiZ8Z-Str£PBCTtIC  ACZX>.  Fiiicic  acid  dissolTea  without  decompo- 
■ition  in  cold  sulphuric  acid  of  ordinary  stnrngtli,  but  by  triturating  it  with  fuming 
•ulpburic  acid,  a  eolation  is  formed  whicb^  when  dropped  aft^r  a  few  hours  into  a  dilnto 
•olution  of  uulphate  of  sodium,  yield*  a  nrecipitate  of  tilimelisi-BuIphuric  acid;  thia, 
when  purified,  forma  a  golden-yellow  powder,  somewhat  nolublp  in  wafer,  more  soluble 
in  alcohol  and  ether.  Its  barium-saU  is  amorphous,  of  red-lead  colour,  soluble  in 
water.  The  formation  of  the  acid  as  above  dtacribed,  is  attended  with  that  of  butyrie 
acid.  Luck  {l«.  cH.)  aasigna  to  the  add  the  formula  C^'H**if.60^,  and  to  tha 
barium-salt.  BaO.C*H"0*.SO,  both  of  which  arc  improbable. 

rzxavin.OBZC  aczs.  C"H'»0',  or  C'lP'O* (?)  (Luck,  loc. «•/.).— Obtained  b^ 
diaaolving  fiiicic  acid  in  warm,  very  dilute  potash-ley,  exposing  the  solution  to  the  air 
for  A  week,  and  precipitating  the  filfrate  with  ilute  sulphuric  acid;  purified  by 
washing,  drying,  aolution  in  ether-alcohol,  and  spontaneous  eTaporatiou.  When 
fiiicic  acid  is  heated  for  some  time  with  dilute  alcoholic  ammonia  to  80°  or  100°  C. 
out  of  contact  with  the  air,  the  liquid  th(«tj  prwipitateil  by  dilute  sulphuric  acid,  and 
the  precipitate  purified  as  above.  Luck's  filimcHsic  acid  is  obtained. 

The  product  obtained  by  the  first  method,  is  an  araorphouB  loam-coloored  powder : 
the  second  yields  an  ochre-eolourctl  powder,  composed  oi  microscopic  spherules.  Both 
are  taateleva,  insoluble  in  water,  soluble  in  alcohol,  ether,  oils  both  fixed  and  volatile, 
and  sulphide  of  carbon. 

Luck  regards  the  two  products  thus  obtained  as  different^  assigning  to  the  former 
0iia  JUiptlotic  acid)  the  formula  C'H^'O',  and  to  the  lattf-r  (his  jUimitisic  aird\  the 
formnla  C^*H**0^,  though  thtty  agree  in  their  properties,  and  in  the  composition  of 
their  lead-salts,  that  oi  the  former  yielding  31  96  per  cent,  lead-oxide,  and  that  of  tbo 
latter  32-62  per  cent;  the  formula  C**H«*Ph''0".aH*O  requires  337  per  cent.  I«m1* 
oxide. 

Chlorofilipdosic  acid,  2C"H"C10'  -t-  H'O  (?),  is  a  light  brown  amorphoiu  aafaMane* 
formed  by  the  action  of  chlorine  on  dry  filipelosic  acid;  and  Dich/orofiiiptloaie  aeitt, 
C'*H'*CI*0*  (?),  produced  by  the  action  of  chlorine  on  lllipelot>ic  acid  suspended  in  water, 
ia  a  loam-coloured  powder,  whoao  lead-salt  appears  to  contain  Pb'^»0'.U»*H'»PfCl<0" 
-»■  iaq.  (?)  (Luck, /oc.  ca.) 

nZiZXOlbnrxo  and  I'noSMTXZC  ACnw.  When  a  recently  prepared  ethe- 
re«l  extract  of  the  root  of  ftlix  mas  is  diluted  with  a  little  ether  and  alcohol,  and  then 
vhakea  up  with  twice  ita  volume  of  water  aad  a  little  ammonia,  two  lasers  are  formed 
«ft«r  a  woile ;  the  lower  of  wliich  is  brown,  and  ia  aaid  to  contain  fiiicic  or  filimelisic 
acid,  while  the  upper,  which  is  dark  green  and  oily,  yields  a  transparent  oil,  green  by 
reflected,  eolombo-red  by  transmitted  candle-light,  and  remttining  liquid  even  at  venr 
luw  temperatures.  This  oil  is  said  to  yield  by  saponification  a  non- volatile  acid, 
filixolinic  acid,  C^H^'O*  {barium-tait,  BaO.  C**H**0*),  md  after  saponification  a 
volatile  acid,  filosmylic  acid,  whose  barium-aalt  contains  BaO.C*iPO^,  (Luck, 
Ice.  eit.)  These,  like  the  formulae  aasigned  by  Luck  to  moat  of  the  preceding  com- 
poonda,  are  very  improbable. 

m&ZZ.  The  root  of  Atpidium  Filixfctmina  (A),  and  of  Atpidivm  Fffix  mat  (B), 
alao  the  frond  of  the  latter  (C),  ail  in  the  dried  st«te,  have  been  analjaed  by  H.  Bock 
(Arch.  Pharm.  [2]  Ixr.  267;  Jahrcsbor.  f.  Chem.  18J1,  p.  667),  The  resulta  an 
giren  in  the  following  table: 
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Volatile  oil 002  0-04         trace 

Fixed  oil 1-2  60 

Stearin I'O 

R<?8in 0-4  40 

Wax 0  5 

Vegetable  gektin 1-S  04 

Gum 20  8-3 

Albumin 6*0  3*6  6*4 

Mucui .  .    .  6*7 

Storeli 7-5  100 

Sugar 110 

Pectin 4-0  2-1  3-6 

CMorophyll .  87 

Tannic  and  gallic  acidB      .         .         .         .         11-9  10*0  11*0 

Fibre  COD taining  starch     .        .        .        .  1*6  1*5 

Ash 4  94  21  6-0 

Woody  fibre  and  low 6024  4506         GO'S 

10000       10000       1000 
The  aah  contain  s : 

Silica 0-2  O-Ol  0-2 

Sand.         .        , 0-9 

Sulphate  of  calcium 0-3  O'll  0*S 

Feimc  phosphate        .         .  0  08  trace  01 

Phasphute  of  calcium  ....  01  O'lO  0*4 

PhospLate  of  mogneeiuiii    ....  .   .  0*04 

Carbonate  of  caleium 1*2  0*94  1'3 

Chloride  of  sodium 0*1  0-04  0*3 

Chloride  of  potaaaium         ....  0*4  0*22  0"6 

Carbonate  of  potasaiom      .        .        .        .  1*3  0*55  1*5 

Loss 0*36  003  03 

4-94  310  60 

The  granular  deposit  which  gradually  ieltlcB  down  from  the  ethereal  extnrt  of  Uw 
root  ot  Aapidium  FUix  mas,  and  was  formerly  obserred  b^  Trommwlorff  and  QMBa,ii 
Ticgunled  bj  Bock  us  the  more  solid  portion  of  the  fixed  oiL  According  to  Loc^iteoo- 
eisfs  chiefly  of  filicic  acid  (ii  64S). 

The  decoction  obtaiined  by  boiling  fem-roota  with  alcohol  yields,  on  addition  of 
water,  a  little  hydrochloric  itcid,  and  sulphate  of  sodium,  a  precipitate  containing  t«o 
taiuiic  aeida,  xiz.  pteritannic  and  tannaspidic  acids  (f.  v.) 

smiiTK&TSOH,  The  separation  of  a  liquid  from  solid  matter  suspended  inii 
by  passing  through  a  porous  substance  which  retains  the  suspended  matter,  but  sUon 
the  liquid  to  pass  through.  Various  materials  are  used  for  uiis  purpose,  according  to 
the  nature  of  the  liquid  to  be  filtered ;  riz.  paper,  linen,  calico,  woollen  doth,  tand 
fine  and  coarse,  pounded  glass,  charcoal,  &t ;  but  for  analytical  operations,  and  for 
most  laboratory  preparations,  the  material  used  is  uasiied  paper.  For  straining  tol-jJ 
liquids,  such  as  syrups  and  white  of  egg,  which  will  not  readily  pass  through  pspet;  cloth 
filters  are  used  ;  and  corrosive  liquids,  such  as  strong  acids  and  caustic  alkaline  tolatt4»<t 
may  be  filtered  through  pounded  plass. 

Paper  for  filtration  must  be  sumcieatly  pomus  to  allow  liquids  to  pass  through  it 
quickly.  The  degree  of  porosity  required  varies  of  course  with  the  particolar  paipoM 
to  which  the  paper  is  to  be  applied :  for  analytical  operations,  it  must  be  sniBeicBtly 
close-grained  to  arrest  the  passage  even  of  very  fine  solid  particles.  In  some  msnn- 
fiictorifs,  the  requisite  degree  of  poro-ity  is  given  to  the  paper,  by  learin^  the  »et 
aheebs  to  freese  at  a  winter  temperature  j  the  expansion  of  the  water  in  freesu^  sepa- 
rates the  fibres  of  the  paper  from  one  another,  and  gires  it  a  regular  porosity  whiell 
cannot  be  attained  by  any  other  method  Paper  whiMi  filters  slowly  may  be  imjatmid 
in  quality  by  lliis  treatment. 

All  paper  contains  a  certain  quantity  of  inorganic  material,  and  mostly  leaves,  wbea 
inciwerated,  a  quantity  of  aah  sufficient  to  induce  appreciable  error  in  analytical  ojXM' 
tions.  Hence  it  is  neoesstiry,  eithei*to  remove  the  inorganic  matter  by  digosting  the 
filters  in  dilute  nitric  acid,  and  ailerwardii  washing  them  thoroughly  with  disnlled 
Water,  which  is  a  tedious  and  trotibIe«ome  operation  —  or  else  to  deterinine  the  qnse- 
lityof  aehJeftby  the  filter  and  allow  for  it.  For  this  purpose,  ten  or  twelve  filters  of 
each  size  used  in  thoUbunitoTy  for  ftoalytical  purposes,  should  be  burnt,  the  «^  of  etfh 
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tot  weighed,  the  quantity  of  ub  left  by  aa  individual  filter  Ui6dc«  ealeulated,  and  a 
ivcord  krpt  of  the  resalta. 

This  trouble  tnaj,  hoverer,  be  Bared,  and  analytical  opctntions  greatiy  facili- 
tated, by  uaiog  the  Hwedieh  filtering  paper,  which  ia  prepared  at  Fahlun  and  LecMbo^ 
witii  a  flpring-water  nearly  ae  pore  as  distilled  vater.  This  paper,  beoidee  haring 
the  property  of  filtering  very  qaickly,  being  prepared  in  vititer  w  abore  mentioned,  i« 
nnffukrljr  fre«  £n>m  inorganic  matter,  giving  np  fleai«ely  anything  to  dilate  acids, 
and  leaving  when  incinerated  only  0*2  per  cent.  aah.  A  Bample  of  thi^  ash  analysed 
by  Plantamour  yielded  03*23  per  cent  silica;  12*83  lime;  6'21  magnesia;  2'9i 
alumina  ;  and  13-92  ferric  oxide. 

Puffer  filtt're  are  of  two  forms,  plain  and  folded.  Tliey  are  sold  ready  cut  in  circles 
of  Tariooa  sizee.  To  make  a  plain  tilter,  it  is  only  neceemry  to  fold  the  paper  twic*-, 
K>  as  to  gi re  it  the  form  of  a  quadrant;  and  this  when  half  opened,  forma  a  ooiio 
whose  edges  meet  at  an  angle  of  00^ ;  the  funnel  on  which  tht<  filt«r  is  laid,  should 
therefore  also  hare  its  sides  inclined  at  60°.  For  collecting  precipitates  which  sro  to 
be  afterwards  removed  from  the  filter  by  washing  or  otherwise,  tbe  plain  filter  is 
decidetlly  the  beet  form ;  but  when  the  precipitate  is  only  a  rvfbJse  product,  or  dc^kL 
not  be  verr  corefidly  removed  from  the  filter,  and  the  principal  object  is  to  filtrr 
quickly,  folded  filters  are  to  be  preferred,  because  the  folds  leave  channels  between  the 
paper  and  the  surface  of  the  funnel,  which  facilitate  the  passage  of  the  liqiaid. 

The  following  method  of  making  a  folded 
alter  is  given  frf  M o hr  {lehrbuch  der  phar-  Fig.  479. 

Maccutischen  Tt^rkni^,  p.  317).     The  circular  m 

Alter  is  first  folded  in  halves  along  the  line 
a  a'  (Jiff.  479),  and  then  in  quarters,  making 
^he  fold  m.     The  filter  is  then  mguin   half 
opened,  aa  in  the  figure,  and  a  is  laid  on  m,         A.     \ 
furming  the  fold  i>.  alw*  a  on  m,  forming  b'.    rf/      jj.' 
Next  a  ifl  laid  on  A',  forming  c,  and  a'  on  b, 
forming  c' ;  then  a  is  laid  on  b,  forming  d,  and 
n*  on  A,  forming  <f.      All  the  folds  thus  pro- 
duced  are   turned   the  same  way,    namely, ' 
vith  their  concavitiea  upwards.    The  next  thing  to  be  done  is  to  mjake  folds  between 
rscb  of  these  turned  the  contmry  way. 

For  this  purpose,  a  is  first  laid  on  b  in  the  fold  d,  and  then  turned  back  to  </, 
making  the  fold  a ;  then  a  d,  &»  they  lie  together,  are  turned  over  to  e  and  folded  bscJc 
to  A,  making  P;  ad  bi»  laid  on  m  in  the  fold  b  and  turned  back  to  c,  making  y ;  and 
lastly,  ad  be  is  lniA  on  c  and  turned  hsjuk  to  m,  making  3.  Corresponding  foltls  are 
then  made  on  the  other  side,  viz.  by  laying  a  on  b'  and  turning  it  back  to  d",  then 
a'  iT  on  r'  and  back  to  b' ;  then  a'  d"  b'  on  wi  and  back  to  «?',  and  a  d!  b'  c  oac  and  back 
to  m.  If  the  filter  he  now  opened,  all  tbe  folde  will  be  found  directed  nltemutely  nut- 
warda  and  inwanlH,  exceptins^  a  a  on  the  one  side,  and  n  a  on  the  other;  all  four  of 
which  have  their  convexities  outworda.  Intermediate  folds  turned  inwards  mti«t 
therefore  b«  made  halfway,  between  a  and  a,  and  between  a'  and  a' ;  and  then  all  the 
nlteniate  folds  will  be  in  contrary  directions.  The  whole  thing  is  much  easier  to  do 
than  to  describe. 

A  folded  filter  of  simpler  construction,  and  containing  a  sufficient  namber  of  folds 
JiDrmost  purposes,  is  mado  as  follows.  The  circular  dusk  of  paper  is  first  folded  in 
ludves  and  quarters  as  before.  It  is  then  half  opened  as  in^.  479;  a  is  turned  over 
to  m,  msking  the  fold  b,  and  a'  to  m,  making  b' ;  then  a  is  turned  back  to  b,  making  d, 
a'  to  b',  making  d" ;  lustly.  a  d  b  is  turned  ^ckwards  to  m,  making  e,  and  a'  tf  b'  also 
backwards  to  ?»,  making  c'.  On  opening  the  filter,  all  the  folds  are  found  to  be  alter- 
nate in  direction  excepting  a  d  and  a'  iT,  between  which  iotermediate  folds  are  to  be 
made  as  before.     Folaed  filters  fit  beat  into  funnels  of  about  50^  aperture. 

Before  collecting  a  predpitate  on  a  filter,  the  filter  must  be  moistened  all  over  with 
vmter  or  alcohol,  as  the  case  may  be;  otherwise  the  first  portions  of  the  precipitnte 
SITS  very  apt  to  run  through  and  render  the  filtrate  turbid  ;  it  is  also  adrissbie  to  leare 
the  precipitate'  to  settle  down  in  the  precipitating  vessel  to  a  considerable  extent,  then 
to  pass  the  clear  liquid  through  the  filter,  and  aibf^rwards  pour  the  precipitate  upon  it, 
(fee  DncjufTATioN,  p.  308),  Most  precipitates  filter  best  after  boiling.  The  rise  of 
like  filter  should  be  sueh  as  to  leave  at  feast  half  an  inch  of  clear  margin  when  the 
whole  precipitate  is  collected  upon  it ;  otherwise,  portions  of  the  precipitate  are  very 
■pt  to  creep  over  the  edges  duriug  wn-shinj^. 

in  washing  precipitates  for  quantitative  analysis,  it  is  desirable  to  use  as  little 
water  as  possible,  as  the  evaporation  of  wiish-waters  always  takes  a  considerable  time: 
care  should  tbert>fore  be  taken,  after  adding  each  portion  of  water,  to  let  the  last 
drop  run  through  before  adding  any  mor^  and  the  wash-water  muat  be  tested  firoai 
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tinitf  to  time  by  ernporatiDg  a  drop  of  it  on  platinam-foQ,  tlie  vuhing  being  oontiavd 
till  u  drop  tliiut  evaporated  leaves  no  residue.  It  muBt  not  bo  forgotten,  however,  thct 
many  prKipitat«8  are  BLigbtly  soluble  in  water,  and,  tberefore,  t^e  wash-water  whidi 
runs  firom  tnem  will  always  leave  a  trifling  residue.  In  such  case,  testing  with  t«> 
agent*  must  b«  resorted  to. 

When  the  quantity  of  water  noed  for  washing  ia  immaterial,  a«  in  most  prepantiona, 
a  continuouJi  mode  of  wn*ihing  may  be  adopted.  There  are  miiny  ways  of  effsedng 
tJiia.    The  simple«t  is  to  fill  a  flask  with  water  and  invert  it  with  it«  month  di|ipiBg 


Fig.iM. 


Fig,  48X. 


?^g,ra' 


L 


below  the  water  in  the  filter,  supiwrting  it  on  a  stand,  its  shown  in  Ji^.  480,  As  tbi 
li'iuid  by  filtration  falls  below  the  tip  of  the  bottli-,  air  will  enter,  and  let  down  afiwll 
eupply  of  water  to  feed  the  filter. 

Another  convenient  appunittis  for  continnons  washing  is  the  siphon-bottle,  ahown  in 
(tg.  481.  The  buttoin  of  the  bottle  ia  placed  on  a  level  with  the  surface  of  the  w»i«t 
in  the  filter ;  air  ia  blown  in  through  the  tube  m  till  the  siphoD-tubc  a  i«  filled  with 
water;  and  m  la  then  drawn  op  to  such  a  height  that  air-bubbles  mvt  paas  thzoi^  ik 

as  the  liquid  sinks  in  the  filter. 
Fig,  482.  Liquids   holding   in    solution   subrtancei 

w^hich  separate  out  on  very  alight  rwioclion 

Q,  of  temperature,  often  rtxjnire  to  be  filtered  at 
the  boiling  heat  For  this  purpose  the  glsM 
funnel  containing  the  filter  is  placed  within 
a  double  funnel  (Jig.  482).  closed  on  ail  »•!« 
excepting  at  the  apertures  a  a,  one  fi* 
pouring  in  water,  the  other  for  the  me^» 
of  vapour,  and  having  on  one  side  a  pro 
j  acting  tube  dosed  at  b,  to  which  beat  is 
applied  by  a  spirit  or  gas-flame.  The  veasi'l 
is  filled  with  water  or  oil  according  to  tbs 
temperature  required 

Water  for  economical  purpoiw*  may  be 
freed  from  turbidity  by  filtering  tkradh 
sand.  A  large  earthen  funnel,  or  stone  home 
with  the  bottom  beaten  out,  may  have  iti 
neck  loosely  stopped  with  small  stooes,  orw 
which  aroalliT  stones  may  be  placfd,  rap- 
porting  layers  of  gravel  incrffasinc  in  fineness,  and  lastly  covered  to  the  depth  of  a  ffw 
inches  with  fine  sand,  all  thoronglily  cleansed  by  washing.  This  apparatos  is  sopenor 
to  a  filtering  stone,  as  it  will  oleunse  water  in  large  quantities,  and  may  mdjly  Im 
renewed  when  the  passage  is  obstructed,  by  taking  out  and  washing  the  opper  stratam 
of  sand. 

A  similar  method  is  used  for  filtration  of  water  on  the  lai^  scale.  (8e«  Greiawfi 
tU/ncnU  of  Chemstr^,  2nd.  ed.  voL  i.  p.  317 ;  also  the  article  Flltbatiov  io  VH» 
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Dirtifmnry  o/ArU,  Manvfaciurtt^  and  ifinet,  iL  206,  which  lOcewuo  ooataioA  m&ti/ 
lUK-ful  dctiula  rekting  to  filtering  in  manttfoctanng  operatiooi.) 

nOBXTB.  Pmrl  sinter. — A  varipty  of  opal,  occurring  in  the  caritiei  of  Tolcaale 
tufa,  in  smooth,  shining,  globular  and  botryo'ioal  maaaeo,  haring  a  pearlj  Inatnu 

VXRSa&SXrSB.     A  tmneral  containing  62'3  per  cent.  eilTer,  together  witb  ml' 

fhor  and  antimony,  found  in  the  Knrprinz  mine,  near  Freib«re,  and  at  Aodreaaberg. 
orsu  delicate  monoclinic  crystals  grouped  like  stilbite.  Hardnees  «  2,  specifle 
gr.irity  =-  4-2  — 4*3.  Lxmtre  pearly,  adamantine.  Colour  hjadnth-red.  Transluoeut. 
Sectile  and  somewhat  brittle.    ^Dann,  ii.  88.) 

nSB-O&AT*  Fire -clays  are  hydratf^d  silicates  of  alnmina,  capable  of  resiiitijig 
exposat«  to  high  temperatures  without  melting  or  beooming  in  a  sensible  degree  soft 
or  poaty.  They  occnr  immediately  below  the  serexMi  aeanis  of  codl  in  the  carboniferous 
Ibrmation,  and  would  appear,  from  the  fraqoent  remains  of  Siiffmana  which  they 
contain,  to  represent  the  aoils  of  those  luxuriant  forests,  which  by  heat  and  pressnia 
lure  been  conTerted  into  ooaL 

The  plasticity  of  claya  depends  upon  the  combined  water  which  they  always  contain, 
and  which  is  expelled  at  a  red  heat  Hence,  A  day  once  burned,  reoorers  none  cf  its 
plasticity  when  wetted. 

The  relation  of  the  silieft  and  alumina  in  flre-days  is  rery  variable,  as  is  also  the 
amount  of  silica  which  exists  in  them  in  an  nneombined  condition,  or  as  sand.  Thus 
in  fire  Oerman  days  examined  by  Dr.  Tercy,  tho  total  percentages  of  silica  osistan^ 
as  sand,  as  hydrate,  and  in  combination  with  bases,  were  as  below : 


Silica  as  sand  , 
„  as  hydrate  . 
.,    combined  with 


1 

a 

8 

4 

8 

£6-95 

47-40 

16-20 

29-63 

18-29 

1-39 

106 

105 

•91 

-98 

18-69 

26-98 

45-53 

87-74 

4663 

Total  silica 


77-03        76-44        62-78        6828        6480 


The  most  celebrated  and  refractory  fire-clays  are  those  obt^ed  at  Stonrbridge,  in 
Worcestershire,  and  there  extensively  manufactured  into  fomaee- bricks  of  all  kinds, 
gas*retorts,  glass-house  pots,  8cc,  the  rery  finest  and  pizTf<8t  samples  being  alone 
deroted  to  this  last  arplicntion.  The  clay,  as  brought  from  the  mine,  is  sorted  into 
qualities  (best,  seconas,  oflPal,  itc),  according  to  its  appearance  and  the  stxe  of  the 
himps,  all  such  portions  as  exhibit  streaks  or  spots  of  iron  pyrites  or  other  metttUie 
Bubtrtances,  being  rejected. 

A  pore  silicate  of  alumina  is  the  ideal  type  of  a  pure  clay,  and  the  nearest  approach 
to  this  standard  m  presented  by  some  of  the  French  clays,  of  which  analyses  are  siren 
below.  The  impurities  commonly  present  are  oxides  of  iron,  lime,  magnesia,  and  the 
alkalis  ;  frrquRntly  also  small  quantities  of  organic  natter,  tho  occurrence  of  which  is 
usually  nnimportfuit,  aa  it  is  burnt  off  in  the  process  of  firing. 

The  silicates  of  tdumina  are,  as  is  well  known,  almost  infrudhle,  while  the  doable 
silicates  of  alumina  with  other  bases  are  readily  melted  at  a  oomparatively  low  tam- 
peraturc  The  importance  of  selocting  ckys  free  from  thea<»  impurities  is,  therefore, 
obvious,  since  the  Aisibility  of  the  substance  increases  directly  with  their  amount ;  it 
is  found  in  practice  that  4  or  at  tho  most  6  per  cent,  is  the  maximum  of  oxides  of  iron, 
lime,  mngnesia,  and  alkalia  together  which  can  be  present  without  rendering  tYm 
mineral  lueless  for  its  &ner  appti cations,  while  the  samples  most  sought  after  eontain  not 
more  than  fk>m  2  to  3  or  3|r  per  cent  of  those  bases.  It  is  also  found  that  the  presenos 
of  a  certain  poroentage  of  stUca  is  dssemtia!  to  constitute  a  "strong"  clay,  while  any 
considerable  increase  in  the  proportion  of  alumina  tends  to  produce  a  "  weak  "  clay, 
deficient  in  cohcHtoa  and  unable  to  stand  the  severe  tests  to  whidi  it  is  subjected  in 
I  manufacture. 

maT  b*  here  obserred  that  the  colour  of  a  raw  day  generally  presents  no  indi- 

m  whatever  of  its  value,  the  variations  in  its  ahado  being  caused  by  minute  qusn- 

tities  of  organic  matter.  Neither  docs  the  colour  of  a  burnt  day  afford  by  any  means 
an  accurate  criterion  of  its  quality ;  for  although  the  presence  of  a  Urge  quantity  of 
iron  is  sufficiently  palpable,  the  other  and  equally  usurious  impurities  produce  no 
efFect  upon  its  tint, 

A  firebrick  or  pot  of  good  quaUty  and  properly  burned,  is  nearly  white,  or  of  a  pale 
cream  or  pinkish  colour,  free  from  olack  spots ;  the  colour  of  a  potsherd  or  fragment  of 
a  glass-house  |>ot,  after  exposure  to  the  intense  heat  of  the  famocc  for  many  weeks, 
approaches  to  dark  grey,  or  bladi,  the  fhicture  being  almost  vitreous,  and  the  texture 
compact,  A  brick  or  pot  which  has  been  exposed,  as,  for  instance,  in  the  crown  of  a 
glastt-boiue  ftuuuce,  for  5  shorter  time,  presents,  upon  the  fuce  next  to  the  fire,  the 
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BNme  appearance  as  a  potsherd,  gradually  changing  from  the  txufaet  inwardx,  and 
heiag  repUced  first  by  a  reddiah  l-oIoot,  and  finally  by  the  original  shade  of  the  brick 
OF  pot 

It  IB  probable  that  the  first  efGect  of  heat  ia  merely  to  p«>Toxidise  the  iron,  prodncing 
a  red  ooloor,  while  the  application  of  a  oontmued  hi^^her  temperature  ^Toda(xa  a  real 
iKmbiitatumt  vith  a  eotreepoading  development  of  the  grey  or  black  colour  of  the 
eilicate  of  aliumninm  aad  iron,  ajid  poeaibly  »  redaction  of  the  iron  to  the  state  of 
magnetic  oside. 

The  drying  and  hnraing  of  th«  clay  is  attended  with  a  conmderablo  diminntion  of 
bulk,  and  it  befomes  a  matter  of  iiju(?h  importance  to  reduce  this  shrinking  to  a  TDiiri* 
mum  ;  a  resolt  effected  by  the  admixture  witli  the  tempered  clay  of  a  certain  quantity 
of  calcined  clay  and  potaherds  ground  to  a  coarae  powder.  The  proportion  of  pritsherdi 
and  calcined  clay  added  TO  raw-clay  varies  mach,  according  to  the  plasticity  of  the 
lufter,  and  the  judgment  of  the  manufactorer.  A  proportion  of  ^  potaherda  to  th» 
raw  day  ia  a  lopted  by  many. 

T!ie  importance  of  thin  admixture  was  well  illantrated  in  a  reeent  trial,  in  which  the 
defendant  alleged  that  the  qojdity  of  clay  supplied  to  him  by  tlie  plaintiff  wm 
inf«.'rior,  while  the  phiinhiff  affirraed  that  the  destruction  of  the  crown  of  the  an-hea  in 
defendant's  glass  furnaoea  wjis  the  natural  consequi^nce  of  his  u^ing  an  nuu^naUy  and 
improperly  small  amount  of  potaherda,  whereby  the  shrinking  had  been  increaM>d,  and 
the  fii'.snrt'M  thus  produced  between  the  bricks  had  acted  as  points  tTappui  for  the  fir*, 
at  which  fii.siun  had  taken  place.  The  consequence  wm  the  pKKlaction  of  dropping* 
or  "  t.oars  **  of  melted  clay,  which  had  fallen  into  the  glass  below  and  destroyed  it  in 
liir^'e  ijuaiitili***. 

A  brick  munufttctured  from  be«t  Stourbridge  clay,  without  admix'-v"-  '^f  -->*!—>.: 
ntid  9  inches  in  length,  contracted  on  burning  g  of  an  inch,  and  ^ 
21  days  exposure  to  a  white  heat  ^^  more ;  a  very  fine  clay  from  T;.  t 

Tiihle  II.),  rich  in  silica,  contracted  only  J  of  an  inch  ;  while  an  inferior  and  highly 
iduminotH  clay,  soapy  to  the  touch  and  extremely  plastic,  shrank  under  like  cireum 
^T,■^n<'e»  li  inch. 

Tables  I.  and  II.  exhibit  the  composition  of  sereral  firesJays,  British  aad 
foreign: 

Tabu  L — CompoMtvM  o/  Continental  Fireelaya. 


Silica  .... 
Alumina  .  .  . 
.S>squioxidc  iron 
Mftgneaia .  .  . 
Lime  .... 
Water,  combined 
do.  hygroscopic 


Forgei 
dM  B»ux, 


Berthler.    Berihter. 


St. 
Anaod. 


MniUn  I     BH''U, 
crudblw..ArdMiiet. 

Bertbier. ,  Salt^uc. 


70-9 

24-8 

3-8 

trace 


63-57 

27-45 

■15 

trace 

•55 

8-64 

1-27 


ftiniirdan, 

Srine-rt. 

Ulie. 

s«iTeut. 


La  boil, 
chadr,  nnw 
M!>ntlu<;an 

Berthler. 


60-60 

26-39 

2-60 

'  -84 
9-20 


65*40 

26-40 

4-20 


12-00 


Ardichr 


68-76 

2610 

250 

251 

trat'i? 

n\M 

145 


Riley  (Chcm.  Soc.  J.  xii.  13;  xv.  311)  has  shown  that  nearly  all  days  wntua 
emidl  quantities  of  titanium,  which  may  be  detected  and  estimated  by  treating  tW 
Hilifii  (»eparated  in  the  usuid  way  by  fusion)  with  carbonate  of  Bo<la,  and  with  hydn>* 
tluoric  acid  containing  a  little  sulphuric  acid.  The  silicon  is  then  volatilised  tdi 
fluoride,  while  the  titaaium  remains  in  the  form  of  titanic  anhydride,  TiO'.  (For  tht 
details  of  the  method,  see  Silicos  and  TrrAMTUH.) 

Tablb  in. — Fereentage  of  Silica  and  Titanic  anhydride  in  aeveral  $amftea  of 

Firt'brick. 


i 


Stourbridge 


Newcastle 


SiO* 
6511 
63-42 
60-49 

, 6060 

,.  . 66-86 

Wortley,  Leeds 6296 

Httwarden,  North  Wales 62-39 

Yellow  London  Clay    .......         64-62 

Ewell  brick,  Surrey 91-84 

Dinas  brick.  South  Wales 94  33 

Bkck  Alder,  Devonahire 76*16 


TlO» 
1-06 
1*06 
0*60 
042 
0-67 
0-96 
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FIRE-DAMP-FLAME. 


rxss-]>AJISV.    The  explooiTe  mixture  of  manh-gu  asd  air,  vhicb  accomnlaU* 

in  coal-minea.     (8e*  CoAt.) 

rrBS-oPA&.    Set'  Opau 

nSX^BTOVa.  A  etone  which  will  be&r  the  heat  of  a  farnaee  vitboni  iDJurr. 
TtiB  tt-nn  is  gt;n*raUy  applied  to  the  SHndstone  occarring  at  the  top  of  Hm  Wpar  gr«n- 
Blind  ia  the  aontb  of  EnKltuid,  which  is  frequently  used  for  lining  kilns  ana  furaacrii 
(tJee  Ure's  JHetionarjf  of  Mauufaetura,  &a  ii.  224.) 

rxAE-Txroass.    See  FYBorsciorT. 

7iaz:-'WOOS.     See  Wood. 

rxscBE&XTS.  Natire  phosphute  of  alamimam  from  Niachne  Tagililc.  (F«e 
Phosphates.) 

7ZSB-OXXm     Si-e  Oils. 

X'XZED  AXS^     Carbonic  acid  gaa. 

YXXITI,     The  coDverse  of  ToktUity. 

r&AKS« W  HITS.    A  term  applied  indismmijiatelj  to  pore  white  lead,  and  t» 

basia  nitrate  of  bismuth. 

TX.&IISB.  The  natoro  of  flame,  and  many  of  the  conditiona  on  which  its  heafioij 
ami  ilhimfnatiuf;  |iowor  dtrpeod,  hstve  already  been  conaidered  in  the  article  CoirBr*. 
TioN  (i.  1094-1 102).  We  hare  here,  howcrer,  to  gtre  an  account  of  the  resalt«  obtained 
by  Fmnkland  ri?spocting  the  manner  in  which  the  heat  and  light  of  flames  and  of 
burning  bodies  in  general  are  affected  by  the  density  of  the  Borroaoding  air.  (Phil 
Trana.  1862,  p.  629  ;  ababr.  Proc.  Roy.  Soc  xi.  137.  366.) 

RaU  of  diminution. — From  comitaratiTe  experimenta  made  on  the  eombturtion  ci 
atearin  candles  on  the  summit  of  Mont  Blanc  and  in  the  valley  of  Chan)oanix,  aiici 
from  further  experimenta  on  the  burning  of  caadlea  and  coal-gas  in  artiftciallj  r&rrf^l 
atmoopfaBFes,  it  ia  found  tliat  the  rate  of  burning  of  candlea  and  other  bodies,  the 
flames  of  which  eonaiet  of  matter  volatilised,  and  6ul>sequently  burned  in  contact  with 
the  air,  is  not  aenaibly  affected  by  the  pressure  of  the  medium  which  «-•''•-•-<»  '>^.>. 
combustion.  But  in  ^elf-ciupporting  combustibles,  like  the  time-fuses  • 
rate  of  combustion  (iependa  essentially  oa  the  pressure  of  the  mediam  ir. 
arc  deflagrated.  This  fact  waa  first  pointed  out  by  Quarter- master  MitcJii-iJ,  *si 
artillery  officer  stationed  in  India,  who  found  that  the  fuses  of  shells  burnt  Xsanstr 
St  elerated  stations  than  when  ignited  near  the  sea-level.  From  his  observations,  (uh! 
from  eiperimeuts  performed  by  Dr.  Frankland  on  the  combustion  of  time'ftucs  in 
utifldallj  lareflcd  air,  it  Im  foond.  that  in  the  combustion  of  ahell-fbsea,  tlu  mcrmumU 
I  of  tinu  are  proportional  to  the  decrtmenU  of  pressure,  each  diminution  of  one  inch  of 
Wometric  pressure  causing  a  retardation  of  one  second  in  a  thirty-second  fuse;  or 
each  diminution  of  atmospheric  pressure  to  the  amount  of  one  mercurial  inch  »• 
creaeing  the  time  of  burning  b^  one- thirtieth. 

This  remarkable  difl^erence  in  the  influence  of  atmospheric  pressure  on  the  raic  nf 
combustion  of  candles,  &c-,  on  the  one  han<l,  and  of  self-supporting  corabustibles  on  rl.c 
other,  ariacH  from  the  different  oouditioas  of  combustion  in  the  two  cases.    In  Uic 
combustion  of  a  candle  there  is,  at  all  pressora,  a  sufilcient  supply  of  coinbaslibJs 
matter  kept  up  at  the  base  of  the  exposed  portion  of  the  wick :  for  the  capillarity  o^ 
the  wick  is  not  affected  by  pressure,  and  the  temperature  of  the  flame  remains  nearly 
constant,  the  greater  mobditj^  of  the  gases  in  the  rarefied  atmosphere  compensating  fir 
the  smaller  number  of  particles  of  oxygen  within  a  given  space:  hence  the  rate  nf 
combustion  is,  i^ithin  certain  limits,  inoependeat  of  the  pressure.     In  the  fose^  on  the 
contrary,  the  composition  contains  within  itself  the  oxygen  necessary  for  its  cnmbo^ 
tioD,  and  a  certain  degree  of  heat  only  is  neceasary  to  bring  about  chemical  combina- 
tion.    If  this  heat  were  applied  simaJtaneoualy  to  every  part  of  the  fiise-oompositinn. 
the  whole  would  bum  almost  iastantaneously.     Under  onlinair  circtunstanoe^  bow- 
ever,  the  fuse  bums  only  at  a  disc  perpendicular  to  its  axis ;  and  the  time  occupied  in 
its  deflagration  depends  on  the  rapidity  with  which  each  succeasive  layer  of  the  cora- 
f  position  is  heat>ed  to  the  temperature  at  which  combustion  takes  place.     This  hc*t 
hueoessary  to  deflagration  ia  derived  from  the  products  of  the  combustion  of  thelsj«r 
nmediately  preceding,  and  the  amount  of  heat  thus  eommunicated  to  the  still  aa- 
umt  layer,  aepends  in  a  grnat  measure,  on  the  number  of  particles  of  these  heated 
r  products  which  come  into  rontact  with  that  layer.     Now,  ae  a  largo  proportioD  of 
I  those  products  are  gaseous,  it  follows,  that  if  the  pn'Hsure  of  the  surrounding  mrdivni 
r  l>e  diminished,  the  number  of  ignited  gtiseous  particles  in  contact  at  any  one  oioaeot 
I  with  the  still  unignited  disc  of  composiUo'i]  will  also  be  diminished.    Hence  the  slower 
rate  of  deflagration  in  rarefied  air. 
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lufiumee  e/prntun  on  the  Luminimtjf  of  FUmtt. — On  the  smninit  of  Monr  Blanc, 
candlea  bornea  with  a  reiy  feeble  ligh^  uid  subsequent  experimeDtB  with  oiduiu7 
eoal-gaa,  and  with  naphthoIiMd  gaa  (which  has  twice  u  macu  iUumioatiog  power  an 
eomsKm  eoal-gas),  in  artiBciallr  rarefied  atmocpherefl,  have  efaown  that  the  bn'ghtneaa 
of  ordinary  flunea  inoreacea  and  dintiniabcs  with  the  pvenrare  of  the  aupportinff  medium, 
and  that  when  the  air  ia  rarefied,  from  the  ordinary  atmospheric  pressure  down  to  a 
prewore  of  14  inches  of  mercury,  the  light  of  the  fliame  decrease*  m  exact  proportion 
to  the  density  of  the  air ;  below  thia  limit,  the  lamioosity  diminishes  at  a  somewhat 
lower  rate.  Between  the  limita  of  pressure  above  mentioned,  the  amount  of  diminu- 
tion is  expressed  by  the  following  law:  0/  100  units  of  light  emttted  by  a  gat-fiaate 
immiitc  m  air  at  a  jtrt*aure  o/30  inches  t^ mercury,  6*1  units  are  txiinguishtd  by  each 
wadMettM  of  one  mercurial  inch  of  at motpierie  pressure. 

Under  increased  pressure,  the  brightness  m  a  flame  fed  with  amjlic  alcohol,  was 
found  to  increase  in  direct  proportion  to  the  pressure,  up  to  a  limit  of  2  atmoepherp«; 
beyond  which,  tbe  increase  of  light  was  much  more  rapid,  and  attended  with  a  great 
daal  of  smoking. 

The  cause  of  these  Tariations  of  laminosity  is  as  follows.  The  li^ht  of  ordinary 
flames  ia  derived  almost  wholly  from  the  separation  of  carbon  particles  within  the 
flame,  and  ia  inoraaed  by  the  AiigmentHtion  of  the  amount  of  carbon  thus  jprecipitated, 
and  by  an  increased  temperature  in  the  flame  •,  whilst  it  is  diminiahea  by  tJje  se- 
paration of  less  carbon  (anrl,  tht^refore,  eaUris parihus,  by  more  complete  eombostion) 
and  by  a  redaction  of  temppratnr(>.  Now  Davy  found,  and  his  oondusioo  has  been 
confirmed  by  Frankland,  that,  within  certain  limits,  rarefaction  and  compresidoD  do 
not  exert  any  considerable  iflfluence  on  the  heat  of  flame  :  in  fact,  though  the  tcmpe- 
mture  produced  within  the  flame  ia  lowered  by  rarefaction,  the  escape  of  heat  from  its 
exterior  is  hindi^red  by  the  sameprooMB,  the  result  being  that  the  actual  tempenifni« 
undergoes  but  little  alteration.  Hence  the  loss  of  light  in  rarefied  air  does  not  proceed 
from  reduction  of  teraprature.  Neither  is  it  due  to  imperfect  combustion :  for  the 
gases  evolved  from  a  candle-flame,  burning  under  a  pressure  of  only  eight  mercurial 
inches,  are  found  to  hare  the  tiame  composition  as  those  from  a  flame  burning  nndcr  the 
ordinary  pressure.  On  the  other  hand,  the  separation  of  carbon  particles  is  augmented 
by  increased  pressure.  Candles  evolve  much  smoke  when  burnt  under  a  pressure  ot 
two  atmospheres ;  and  even  a  small  alcohol  flame,  which  boms  with  a  pore  blue  light 
at  ordinary  pressures,  becomes  highly  luminous  in  air  four  times  compressed.  Flames 
which  smoke  at  ordinary  pressures,  become  smokeless  in  rarefied  air,  and  undergo  more 
complete  combufltion.  Whilst,  therefore,  the  light  of  flames  is  due  to  the  separation 
of  carbon  particles,  the  latter  owe  their  momentary  existence  to  the  absence  of  suffi- 
cient oxygon  for  their  combustion ;  consequently,  any  influence,  which  causes  the  mora 
rapid  interpenetration  of  the  flame-gases  and  the  external  air,  must  reduce  the  amount 
of  precipitated  carbon,  and  eonsequpntl^  the  kniimwity  of  t)u«  flame.  Rarefaction 
•xereises  precisely  such  an  influence,  by  increasing  the  mobility  of  the  gaseous  parti- 
cles, and  thus  causing  the  aeeesi  of  a  larger  amount  of  oxygen  to  the  region  of  the 
flame  where  precipitated  carbon  produces  limdnoeity. 

The  luminosity  of  a  flame  is  not,  however,  entirely  due  to  the  ignition  of  minute 
carbon  psrticlea  floating  within  it,  a  small  portion  of  the  light  being  derived  from  the 
incandescence  of  the  gs.«»eoua  matters.  Tliis  latter  sourc*  of  illomination  does  not 
ordinarily  furnish  more  than  about  1  per  cent,  of  the  total  amount  of  light,  but  at  very 
low  pressures,  at  which  but  little  carbon  is  separated,  it  becomes  much  more  promi- 
nent. Now  this  light  emitted  by  incandescent  gaseous  particles  is  not  affected  by 
pressure,  and  hence  arises  the  dcvuition  from  the  law  of  diminutiou  of  light  in  propor- 
tion to  prpflsurc,  which  is  observed  when  the  pressure  is  reduced  to  a  very  small  amoouL 
(Frankland.) 

VXiAVXir.  A  yellow  dye  stuff  imported  fn>m  America,  in  the  form  of  a  dark  brown 
powder,  and  used  as  a  substitute  for  quprcitron  bark  {Kapier^s  Manual  of  the  Art  of 
Jhfnng,  Glasgow,  1853.)  According  to  Konig  (J.  pr,  Chero.  bnri.  98),  it  is  identical 
with  qncrcitrin,  and  spUts  mp,  under  the  influence  of  acids,  into  sugar  and  quercetin ; 
but  according  to  Boll ey(Ding;l  poL  J.  cxlv.  134),  it  ia  not  of  constant  composition, 
sometimes  containing;  not  quercitrtn,  but  quercetin,  which  possesses  much  greatec 
colouring  power, 

TItJL'VTamTWm  (Gerh,  iii.  663.)  A  substance  apparently  isomeric  with  indin 
and  iiidigo-bliie,  produced,  together  with  hydrindin  (q.  v.\  by  the  action  of  potash  on 
indin  or  on  disulphisathide.  It  remains  in  the  alkaline  motuer-lionor  from  which  the  hy- 
drindin has  separated  ;  and  on  adding  an  acid  to  this  liquid,  a  lights,  floccolent,  yellowish 
prt?cipitate  is  obtained,  which  is  a  raiitare  of  hydrindin,  sulphur,  sometimes  a  small 
quantity  of  indin,  and  flavindiu.     The  flaviadin  may  be  obtained  in  lai;ger  quantity  by 


•  8e9  the  article  C«*L-OAt  ia  rnr's  DictioMr^  qf  Arts,  iluhnfaetmra,  and  Mmei,  1. 736. 
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eontintibp  the  ebullition  with  potuh  for  n  longer  timn:  it  U  purified  by  solatino  ia 
mtter  containing  a  f^w  drops  of  ammonia,  and  precipitation  with  hydrochloric  add. 

Flavindin  is  of  a  pale  jpUow  colour;  it  diseohes  gpariDgly  in  boQing  alcohol  aiid 
iK>panit^  therefrom  uj  microscopic  ntellato  needles.  Wli«»n  heated,  it  app«an  to  be 
nlmoet  vhollj  transfinmed  into  a  white  aubstanee,  which  ■ablimea  in  needles  n«anhlii>g 
bi'Uioie  acid. 

FUvindin  giree  by  analyma  72'6  per  cent,  carbon,  and  3-82  hydrogen,  whence  it 
appear*  to  have  the  same  compoeition  as  indigo-blue.  Ita  aimnoniacal  solution  yifldi 
with  nitTttte  of  silver  a  yellow  precipitate,  which  leaves  on  calciiUitioQ  42  per  cent 
ailrer  (CH'AgNO'  ?). 

riiAVZra.  C"H'T?«0.  (Laurent  and  Chancel  Compt  Chim.  1849,  p.  115.) 
An  or^nic  ba«e,  isomftric  with  diphenyl-carbMmide  (L  756),  produced  by  the  action  of 
■olnhydTate  of  ammoniura  on  dlmtrobeiuophcnone  (i.  502), 

C'*H*N»0»  +   6H»S  -  C'lT'N'O   ♦  4H'0   +  S*. 

It  forms  iRne,  pale  yellow,  or  colourlcfs  needles,  nearly  insoluble  in  water,  bnt  »ohi. 
M«  in  alaihol  and  ether.     Givefl  ofFphenylamine  when  fhsed  with  potash. 

Hydrochlurate  of  Flavinc  crytttallisea  in  elongated  hiinina-,  Tt-ry  soluble  in  water, 
somewhat  leaa  aoluble  in  ojmhoi ;  it  is  decomposed  by  distillation,  yielding  a  small  qtuiii- 
litv  of  white,  ptdverulfnt  BDblimftte,  and  leaving  a  bulky  resiclue  of  chareoaL  Tb» 
chJoroplatiuate,  2(C'*H'*N'0.BICl).PlCl\i»  a  yellow,  pidvemlent  precipitate,  obtained 
from  dilute  solutiona. 

Flavine  was  regarded  by  Laurent  and  Chancel  as  identical  with  diphenylearbajftid*. 
N«^COyrC»H*)»H-;  hn\  according  to  Hofmann  (Proc  Boy.  Soc  x.  602),  it  does  wn 
eKliibit  the  properties  of  a  carbamide  or  urea. 

TJtAXm  Lmum  usitatiwimum.  This  plant  ia  extensively  cdtiTated  In  Irrlaod, 
Belgium,  France,  and  Rnasia,  both  for  its  fibre,  which  is  the  raw  material  of  lines, 
und  for  its  seed,  which  yields  br  pressure  a  fixed  oil.  called  linseed  oil,  and  a  midiul 
mass,  called  linseed-cake,  or  oii-cake,  extensively  used  as  ft»od  for  cattle.  The  flax- 
plant  takes  up  from  the  soil  a  lurpe  amonnt  of  mineral  matter,  especially  of  the  laoct 
Talnable  constituents,  potash  and  phosphfirc  ucid,  and  was  therefore  formerly  re- 
garded u  one  of  the  most  exhausting  cropa.  But  neither  the  pure  fibre  nor  the  oil 
contains  any  of  these  mineral  constituente.  The  inorganic  matter  of  the  seed  mnain 
in  the  cake,  which,  being  used  to  feed  cattle,  may  be  returned  to  the  soil  an  niNiinrt 
On  the  Continent,  inferior  qualities  of  cake  are  ground  to  a  coarse  powxler,  and  either 
applied  to  the  soil  aa  a  top-dressing,  or  steeped  in  a  liquid  manure,  and  the  bum 
spread  out  on  the  land  Ln  that  state.    (See  LnrsEED.) 

The  stem  of  the  flax  plant  consists  of  an  inner  part  or  core,  sometimes  hollow,  bat 
more  frequently  solid,  composed  of  ligneous  matter,  surrounded  with  a  bark  of  flfara, 
the  true  linen  fibres,  whicn  are  united  to  each  other  by  a  gnm^  the  whole  bting 
ahoothed  in  a  fine  epidermis.  To  separate  the  linen-fibre  firom  the  gam  and  woody 
niatter,  the  Htfn\»,  when  pulled  and  separated  from  the  seed-captules,  are  steeped  ia  » 

frtnd  or  mnning  Ktr^am.  for  a  period  varying  from  7  to  21  days:  they  then  undsigD  a 
ind  of  fermentiition  or  putrefaction,  attended  with  the  evolution  of  stilphitttilad 
hydrogen  and  other  foetid  gases,  vhich  decomposes  the  gam  and  loosens  the  f 
from  one  another  and  from  tlie  woody  core;  this  process  is  called  rettiDg. 
stems  are  then  washed,  &ud  the  fibre  is  mechanically  sepsnted  fSrom  the  woody  eott  I 
an  opcrufiou  call(>d  scutching,  which  consists  in  bruising  the  stems  thonm^y,! 
that,  while  the  fibre,  from  its  tenacity,  remains  intact,  tlie  brittle  woo^y  psrt  is  flaTUM. 
and  broken  in  8ucii  a  manner  as  to  admit  of  its  being  easily  beaten  off  by  the  action  4 
the  scntch-blade  or  scutch-milL  The  greater  part  of  the  mineral  mutter  is  removed  il 
the  steeping  and  wush-waler,  in  which  state  of  solutiou  it  is  easily  returned  to  the  i 
Another  portion  remains  attached  to  the  woody  matter,  which  is  generally  used  ssf 
the  mineral  sutistances  of  course  remaining  in  the  ash,  which  may  likewise  be  ossd  I 
manure.  By  thus  returning  to  the  soil  the  mineral  matters  removed  by  the  growiof; 
plwnt,  flax  may  be  rendered  one  of  the  least  instead  of  one  of  the  moat  exhaustive  of 
agrimilturnl  plants. 

The  following  analyses  of  fhe  ash  of  the  stem  and  seed  of  flax  will  show  that  it  oon- 
tdins  litrtje  qurintiti<>s  of  alkali  and  phopphoric  acid. 

1-7.  Belgian  and  Irish  flax  (Kane,  Phil.  Mag.  [3]  xxiv.  98;  xxxi.  S6.  105;  X.  pr. 
Chem.  xxxii,  354;  ili.  434;  Jahreah^^r.  f.  Chem.  1847-8,  p  1086). — 8-11.  Roasiu 
(Mayer  and  Brazier,  Chem.  Soc.  Qo.  J.  ii.  78 ;  Jahresber.  1.149,  p.  686.)— 12-U!. 
English  (Way  and  Ogston,  Roy,  Agr.  Soc.  J.  ix,  [2]  617;  Johrehber.  1860. 
i.  669).— 19-20.  (Reich,  Jahresber.  1860,  p.  670).— 21.  22,  24,  36.  (Way  sad 
^gston.  he.  Lit.}— 2S.  Rammelsberg  (Jahresber.  1847-8,  p.  lo76.) 
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In  Kane'a  analTflis,  the  lunannt  of  lolpliurie  acid  vnxiea  iavenelj  aa  that  of  the 
carbonic  acid  (t.er.  of  the  organic  adda);  and  notwithataoding  the  great  Taziatioos  is  tb« 
rehitive  quanbties  of  the  sereral  baaea  (the  ferric  oxide  in  the  Tariefy  from  Amufh 
amounting  to  13  52  per  cent,),  the  capacity  of  the  bases  in  the  ash  for  organic  adda  ia 
nearly  thefiame  id  all,  being  repreaented  by  an  amount  of  1328  per  cent,  oxjgan  iotiM 
Bclgiiui  and  Dutch,  and  13'S3  per  cent  in  the  Irish  flax.  ^^^^A 

"Tbe  recnlta  of  ICayer  aod  Brazier'a  analyses  agree  nearly  vith  thoM  of  Kaae,  i^^H 
aa  ragarda  the  Erne  aad  phosphoric  acid ;  but  in  all  other  respecta  thej  difftr  eoDoj^^^ 
ably.    In  moat  of  Kane  a  analyaea,  the  potaah  and  aoda  are  nearly  equal ;  whereas  ia 
those  of  May^T  and  Brazier,  the  potaah  greatly  exceeda  the  aoda*     Kane  alao  f^aad 
alumina  in  moat  of  hia  aamplea,  whereas  Mayer  and  Brazier,  and  indeed  all  other 
chcmista  who  have  analyaed  flax-aah,  fonnd  none. 

Analyses  12,  13  (Way  and  Ogaton)  show  that  the  coarae-fibred  Tarietiea  remold 
tram  the  aoil  a  loiter  quantity  of  potaah  and  of  minernl  constituents  in  general  thu 
the  fine-fibred  kinas.  In  all  caaea,  however,  comparatiTely  little  of  the  more  raluable 
mineral  constitupnta  remain  with  the  amtchcd  fibre,  the  greater  part  bnjig  diaaolT«<i 
out  in  the  retting  or  steeping  process,  and  another  portion  remaining  with  the  woody 
matter  separated  by  scutching. 

The  aoila  on  which  the  aatnples  of  flux  analysed  by  Kane  were  grown,  were  moatljr 
aandy  loama,  reiy  light  and  porous,  rich  in  nitrogenous  matter,  and  coloofed  tu 
water  in  which  they  were  boiled,  email  quantities  of  alhalia  and  salta  then 
into  solution.     Their  composition  ia  given  in  the  following  table : 


Tabu  IL — Compontvm  of  Flax-toiL 


&oili  dried  at  i(HP  C.  Irom  : 

1 

3 

i 

4 

t 

S 

BKamaOct, 

Hammpioir. 

A  dlitrict 

Crovleii 

H«Mt*rt 

bett  Oax. 

bett  Aax.lwvd 

rlrldlDR 
nnly  wild 

A  good 
lUs  dis. 

LIpcoId- 

near 

l«Tid  of  the 

oftb«  Aot- 

ihlre,  th* 

Potaah  .... 

Courtr^. 

Court  ray 
dlitrict. 

wetp  dU. 
trlct. 

(lax  and 
poor  crop*. 

irJft  in 
HoMaixI. 

"  w»ni«,* 

OlBf) 

0123 

0-068 

0-151 

0-683 

0-534 

Soda 

O-iflS   1 

0-H6 

0-110 

0-206 

0-306 

0  083  , 

Ferric  oxide   .    . 

8-298 

1-663 

1202 

1-543 

6-047 

4500 

Manganic  oxida 

trace 

trace 

tTBiCe 

.     . 

trace 

strc'Ugfr. 

Alumina    .    .    . 

2-102 

1-383 

0-126 

0-988 

5-626 

3-065 

Lime     .     ,    .     . 

0-357 

0-227 

0-481 

0-366 

3043 

£-538 

Ifagneaift   ,     .     . 

0-202 

0163 

0-140 

0-142 

0-105 

0-063 

Sulphuric  anhy- 

dride .... 

0-025 

0017 

0-013 

0-026 

0023 

O-III 

Phosphoric    „ 

0-121 

0162 

0-064 

0>193 

015 

O^SS 

Chloride  of   So- 

dium .... 

0-OlT 

0030 

0-067 

0-009 

0023 

Oi)e7 

Cky.    .     .     .     . 

14-920 

9-280 

5-760 

4-400    , 

17  080 

Sand      .... 

76-080 

84-065 

86-797 

88-385 

60  947 

so-Toa 

Organic  matter; 

residual  moia- 

ture    .... 

M23 

2-361 

4'209 

8-672 

6-841 

5328 

Loaa 

0-297 

OiOO 

0-964 

-     • 

0'217 

100000 

100-000 

100 -ooo 

100-081 

100-000 

100-2M 

The  aamptea  1-4  of  flax  in  the  table  (p.  657)  were  grown  on  aoil  No.  4 ;  aample  6  m 
the  same  table  on  aoil  Na  5. 

The  ao-calied  •' warpa  "  ia  found  on  the  river  Humber,  and  fonna  the  maddy  bottOB 
of  the  flax-lands  of  the  west  coast  (of  Ireland  ?  >. 

Kane  regards  the  fertility  of  the  celebrated  Belgian  flax-aoilB,  i,  e.  their  gnat  light* 
neaa,  as  well  as  their  amount  of  alkaHs,  phosphoric  acid,  and  magneoia,  aa  the  nwilt 
of  diligent  cultiTation  with  animal  manora,  micb  cuItiradoQ  reqiiizing  otklr  a  Ij^ 
n&dj  aoil,  with  enough  Io&m  to  make  it  coherent. 
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Tjlsli  UL — Composition  of  Suwn  Flux-aotU.    litjet  and  Bmcer 
(Chem.  3oc.  Qq.  J,  iL  78), 


Lt«Aand. 

Kurland. 

Lltltoanlay. 

EtOilmml. 

lime  ;n»tter 

4-717 

4030 

4-344 

4-863 

rSnlphiiric  anhydride 

0164 

0-088 

0121 

0162 

Phosphoric        „ 

0140 

0-054 

0080 

0-160 

Ferric  oxide ,     .     , 

l-«07 

2-377 

3190 

2-021 

able  is 

Manganic  oxide     . 

txaoo 

trace 

trac* 

trace 

ite  by- 

Alunxioa  .    .    .    • 

1-192 

1-873 

2-142 

2-010 

chloric  ■ 

Lime 

0-375 

0782 

0-498 

0-796 

L 

MagQMia.    .    .     . 

0-201 

0-130 

0-180 

0-382 

Potash      .... 

0-501 

0-324 

0-647 

0-373 

Soda 

,     , 

0132 

0046 

0-048 

^Chloride  of  Bodiom 

004S 

0*026 

0-042 

0-079      1 

olwble    jf  Silica 

79-342 

81-fiOO 

86094 

80-668 

lilate       Ferric  oxide  .     .     . 

tnue 

trac« 

trace 

tnc« 

Irochlo-'  AJantiim   .... 

11-627 

6114 

2-246 

6-756 

acid.        Lime 

ti?ac« 

l'87a 

0-878 

2-012 

100101 

99-302 

99-406 

99-208      , 

lyMf  asd  Erarier  bJjbo  give  the  following  as  the  result  of  treating  these  Boila  with 
f  and  bjdrochloric  itcid,  aad  detertoiiung  directlj  Ibe  quantitieji  of  substanc« 

TiBL*  jy. —RuMian  Flas-9oU*. 


.      (Mineral  matter 
\  Organic     „     . 


Bble  in  hydrochloric  add  . 
Dliable  reaidue     .... 


Li  Elian tl. 


0-086 
0-229 


0-316 

7-259 

92-426 


99-999 


Kai-lud.        LhhuMln.        BittiUmd, 


0170 
0-312 


0*482 

6-917 

92-601 


lOO-OOO 


0-163 
0-442 


0-605 

7-243 

9216-2 


100  000 


0160 

0-468 


06O8 

8-712 

90-681 


100-001 


ke  proportioQB  thua  determined  of  matter  soluble  and  insoluble  in  hydrochloric 
do  not  quite  agree  vith  those  foand  by  the  elementary  analysia  of  the  Mime 
given  in  the  preceding  table.  All  these  soils  are  diatinguiaked  by  their  richneaa 
kali,  eipeciallj  potash,  and  in  phosphoric  acid. 

Tabli  V. — Compoiition  of  SUtjhvatert, 


laih 

b 

Be 

Igneeia  .  .  .  . 
me  oxide  .  .  . 
[phnric  anhydride 
osphoric  „  .  • 
rdrochloric  acid  . 
rbonic  anhydr,"\ 
organie  matter,  > 
and  loss  .  .  } 
D,000  pts.  water 
lefl  on  eraporat  ion 


100  pll.  or  erBpormlton-rnldtie  jlrlded  : 


1 

3 

3 

4 

A 

8-740 

4-191 

16  762     ' 

6-406 

8-206 

28-620 

11-607 

30-232 

28-298 

19-277 

6-94U 

8-436 

17-829 

6  484 

3-613 

0-866 

1-369 

1630 

1-192 

7-601 

0-614 

6-633 

2  684 

6-200 

1183 

8-064 

e-436 

U627 

9-300 
0079 

5-607 

26-765 

6-682 

2-580 

7-764 

9-439 

20-511 

60-668 

17866 

36-288 

46076 

lOOOOO 

1  DO- 000 

100000 

100-000 

100  000 

61-70 

139  69 

60-68 

45-11 

4240 

trv  2 
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FLAX. 


SUep-wat^.-^Kine  bw  analywd  Bereral  waters  (Table  V.J  ib  which  flax  ii  it^fped. 
1 .  Water  of  a  lurge  pool  (forming  a  peat-bog)  fed  by  the  Scheldt,  dear,  with  the  auoe^ 
Hon  of  a  smfill  quantity  of  snapendwl  matter.— 2.  Of  a  pocil  used  for  flax-«tee{nng  bmp 
Hammessog  in  B«lffium,  also  fed  by  the  Scheldt.  The  flax  is  left  in  it  for  nz  irvdta. 
the  beginning  of  m.e  proc«m,  the  surfnce  of  the  water  beoomra  coTered  with  a  Te| 
grovrth,  which  disappears  aa  the  retting  proceeds :  the  workmen  then  shoreL 
mud  from  the  bottom,  and  make  the  flax  sink  with  it ;  it  was  at  this  stage,  tl 
sample  of  water,  very  muddy,  was  taken  for  analysis.  —  3.  Another  pool  from  aJ 
ferent  part  of  the  country,  nearly  clear.  —  4.  From  the  river  Lya,  wh£ch  rises  i« f 
north  of  France,  and  flows  through  the  weet  of  Belgium :  it  is  regarded  as  the  f 
steep-water  in  the  world ;  and  yet  there  is  nothing  in  its  chemical  compontioi 
account  for  its  being  so  peculiarly  farourable  to  the  steeping  of  flax.  —  6,  From  Hol> 
land- 

The  following  are  two  analyses  of  retting  waters  by  C.  Schmidt  (Ann.  Ch.  Phani, 
Ixxxiii.  321);  a  from  the  Liariajerw-see  surrounded  by  marflhee,  six  miles  south  of 
Borpat :  it  generally  yieMs  a  beautifally  white  flax,  but  in  wiody  weather  somoa 
coloured,  b  from  the  Kullajerw-see  in  the  same  neighbourhood;  whidi  b«ing ] 
tected  from  the  wind  by  surrounding  woods,  yields  a  uniform  product  Both  wj 
■re  clear  and  colourless,  and  leave,  when  evaporated,  a  brownish  residue,  wluch 
effervesces  with  acids,  after  being  carbonised.  1  cubic  metre  of  the  water  jidded  Um 
ibUowing  quantities  in  graouaea. 


Tabu  YLSUep-^Mttrt, 

Chbrine 21*86  43-45 

Sulphuric  anhydride      .......  1*06  2-OJ 

Phoephoric      , 2'61  21-01 

Potassium 10-20  1810 

Sodium 200+  BUS 

Linis 413  1067 

Ksgnesis 1*43  6-98 

Ferric  oxide 1-86  611 

Oj^gen  of  the  alkalis 414  12-67 

Inoiganfe  matter  .        • 66-72      174-68 

Oiganic  matter  and  ammonia 68-10        99-62 

Anhydrous  substance     .        .        •        «        ,        .134-82       274-30 

Bcl-vtater  ateeping. — The  ordinary  steeping  process  takes  from  one  to 

according  to  the  temperature  and  state  of  tlje  weather.     In  1847,   howerer,  a  i 

system  of  retting  was  introduced  into  Ireland,  by  Mr.  Schenckof  New  York.  Thi 
eoBsiita  in  immersing  the  flax-stems  in  a  large  tank  containing  water  kept  at  the  t 
peratore  of  aboat  flO*^  F.,  by  means  of  a  coil  of  pipe  through  which  eteam  is  psi 
The  higher  temperature  gretitly  accelerates  the  process,  which  is  completed  in«" 
40  or  90  hours,  awordiog  as  the  water  used  w  soa  or  hard.  The  gas  evolved  <* 
the  process  is  usually  stated  to  contain  sulphuretted  hydrogen;  but,  aoeecdi- 
Hodges,  it  consists  in  100  voL  of  22*29  carbonic  anhydride.  4430  hydrogen,  andl, 
oxygen.  Three  samples.  A,  B,  C,  of  scutched  flax,  which  had  been  retted  by  this  j 
cess,  were  found  by  Hodges  (Chem,  Gaz,  1854,  p.37  ;  Brit.  Assoc.  Rep.  1867,  p.  1 
Jahresbcr.  f.  Chem.  1864,  p.  800  ;  1858,  p.  667)  to  have  the  compoaitlon  giv^n  in  -,- 
following  table.  All  three  samjjles  were  dried  at  100°  C. ;  A  losing  910,  B  8-<l, 
and  (7  12-0  per  cent,  water  r 


Wax ;  volatile  oil  and  acid ;  reain  . 
Sugar  and  substances  solnblc  in  alcohol . 
Inoi-gunic  substances  soluble  in  alcohol  . 
Gum  and  pectin     ..... 
Salts  insoluble  in  alcobol         ... 
Asotised  substances  soluble  in  water,  casein,  &c 
Aaotised  substances  insoluble  in  water    , 
looi^anie  substaoees  united  with  the  fibre 
Woody  fibre   ...... 


A. 

B. 

C 

2200 

2620 

1360 

1541 

0-624 

6630 

0-281 

0  116 

2-830 

0698 

0*280 

0-360 

0076 

0-044 

OD80 

&c     3-660 

1-386 

6*834 

2940 

4-310 

4-269 

0-238 

1-490 

2-500 

.       87-974 

89-136 

82-157 

FLESH* 
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ipl«  of  Coortnj  fl&x,  retted  by  the  ordin&Ty  method  and  MattAed,  gave,  when 
100*  C.  (with  loss  of  8-40  per  cenU  water),  2  30  por  cent  w»X  and  oiL  6  60 
sub«t*Qees,  cawin,  &c. ;  7'69  gum,  augor,  and  colouring  matter,  r05  inar^giuutf 
uliX  *o<i  S^^S  woody  fibre. 

unple  A  of  flax  retted  by  Schenck's  proceM,  yielded  (after  drying  at  100°  0.) 
eent,  £  164  per  cent,  osb,  having  the  following  compoaition : 


N«»0 

N«Ct 

CtO 

MfO 

Fr«0> 

I»0« 

SO* 

CO* 

S(0> 

219 

2-76 

29-24 

4*64 

872 

6-28 

6  00 

2817 

10-46  -  100*44 

7-8S 

1-77 

27-08 

070 

740 

10-40 

312 

1910 

21-31  -  100-63 

d  motlioda  har«  been  proposed  for  disint'egratiog  fljuc  fibre  by  nifichamcAl 
rithout  preTiouB  fennentntion,  and  eleanaiog  it  by  the  oso  of  adda  and  alkalis ; 

have  not  been  adopted  in  piactiee  to  any  great  extent  For  a  deacription  of 
»thoda,  and  for  full  di-tails  mating  to  the  mechanical  operations  to  which  tha 
ubjected  to  conrert  it  into  linen,  tht)  redder  ia  referred  to  the  excellent  articia 

in  Ur^t  Dictianartf  of  Artt,  Manufacturtt,  and  Mints,  ii  226. 

■X.  The  fleah  of  animala  ia,  anatomically  considered,  a  complejc  tissae  made 
irtrtl  morphological  elements,  via.  true  mosciUar  dbrti,  connective  tisane, 
ilood-veoaela,  and  lymphatiea.  MuBcuLar  fibr«  i«  of  two  kinds,  striped  or 
d,  and  non-atriated  or  plain;  the  former  conetitnting  the  baaia  of  the 
f  mnades  ;  the  tatt^^r  nsccurnng  in  the  moaoulureoat  of  the  stomaeh  and  intes- 
d  in  aeveml  other  vi^ent.  The  primitive  bundles  of  strip^Hl  fibre  are  eacloaed. 
.  homy  tiasnev  called  the  8arcolemma;aa  uml->er  of  these  bundles  are  united 
)ctive  tissue  into  larger  bundles,  and  these  again  into  entire  muscles,  the  con- 
isane  being  more  or  leaa  filled  up  with  fat-cells.  The  plain  or  non-striped 
re  either  no  sarcolcmma,  or  a  very  indistiact  one,  not  generally  recognised, 
merely  joined  together  by  oonnective  tissae.  The  entire  mass  of  a  muscle, 
striped  or  plain,  ia  moiMt.ened  with  an  acid  liquid  called  the  flesh-jnice  or 
ar  juice;  which,  however,  ia  much  more  abundant  in  the  striped,  th&a  in 
1  muscles. 

lemieal  differences  between  striped  and  plain  muscular  fibre  will  be  considered 
tide  Mn8cuz.AA  Tuum,  At  present  we  shall  treat  of  the  flesh  as  a  whole,  as 
IforJbod. 


L — Competition  of  Muacular  Fttsh,  aceordina  fo  Von  Bibra.    {Traiti  de 
Chimie  ghUraU,  par  Pelouee  et  Frimy,  rL  263.) 


rMMaTAnliML 


Jl 


ctoral  tniucte*   . 

wl«    .     ".        ! 
:ks  pectoral  mutclei , 

MIt      .  .  .  . 


at       .       .       . 

ituuutt  miuelcfl 
atuelea  , 

hurt  . 

ictoral  miMclei  • 
:  muKlM  , 

mUKtM       . 

beart . 

n     .        •        . 
t  niutclet   .       • 
trart   . 
ladea  .       .       , 


t6>B3 
ISM 
JT-W 
17-M 
3-0 
IdO 

is^n 

I  BOO 

isao 

l3-3« 
li'TJ 

1B-V8 
ITU 
16  Ml 
IfrW 

li-ra 
ter!» 


175 

is» 
i-aa 

»6S 

l-JCl   . 
»o 

S-3 
»40*  I     . 

l;-3&    I     . 

i-oa 

IK 

sea 
I » 

1-69 
4  6»    I     . 

ao*  I  . 

30 
*-4      I    . 

»e9 


3-73 

!•»  I   i-a 

4' I  a 
1-7    I    JO 

I  »i 

a-93 
aao 

0»    I    17 

rx 

4U 
7-38 
2I-46 
6-97 

j-ia 

7-49 


1-fr 
I -I 

o-a 


4-30 


o-c 

OS 


I-9S 


!■«* 


I'M 


TJ-46 
7*-45 

90-10 
7ii-M 
«•!.* 
76  90 
7I'30 

«2-|7 

TC  19 

7l-jn 

M-96 
7.V00 

70-^2  1 
7fi-(iO 
77-30 
TT'JO 

ai'Mi 


HlBtiika  todlcatt  th^t  t!u  >]btunln  wu  oot  coacuMed,  Mad  contained  •  portloa  of  blood^Qt, 


u 
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Mareehal  (Compt  nad.  xzzit.  691)  has  deCemuiied  Um  propcatbNi  of  wis;  irf 
mnscnlar  substenee,  and  fut  in  100  ^  of  the  moflenlar  fleu — free  from  oonneetne 
tiMue,  bone,  &&— of  the  following  ammalB,  commonly  need  aa  food : 


Pt». 

Ox. 

ShMp. 

Fowl. 

cur. 

Water       .... 

69-7 

72« 

7S-6 

7J-7 

74-4 

Hnscxdar  fleah  free  from  fiit 

24-3 

26-0 

28-4 

24^ 

22-7 

Fat 

60 

2-6 

8-0 

1-4 

2-9 

It  appears,  from  these  results,  that  the  flesh  of  the  ox  e(»tainB  the  lanest  pn|i» 
tion  of  nutritive  (flesh-formiztR)  matter,  and  in  decreasing  series,  that  of  the  fanA,  {% 
sheep,  and  cal£  This  must,  however,  be  miderstood  as  ^tplTing  to  the  veal  r —  ' 
substance,  not  to  the  entire  flesh  as  sold  in  the  maiket 


Oirardin  (Compt  rend.  zlL  746)  has  determined  the  oompositian  of  i 

beef  and  bacon  (imported  into  France  in  18^5)  as  compared  with  F^aodi  bsif  ol 
bacon. 


Tabu  TL—CkmypoaUion  qfSaUSetfoHd  Amor. 


Water      .    .    . 

BdiBfwC 

- 

Frcncb. 

Ain«rlci]i. 

Fre&ch. 

AacrtcA.     I 

Fwb. 

(roni  tlie 
cuk. 

Dried  at 

Fmh. 

MUkta 

cult 

IB'm 

. 

4MI 

.    , 

e9M 

•       • 

44^ 

Fibrin  end  eoo- 

n»!tire  tistua 

15-70 

6S-U 

24-82 

4878 

6-53 

31-30 

2H8 

U-fll 

Fat       .... 

101 

4'lfl 

0-18 

0-30 

11-77 

U&6 

?0I 

iirSi 

AUnunin        .     . 

2-2£ 

9-34 

070 

L'SS 

8-20 

iO-61 

0^ 

071 

ExtnctiTe  ntab- 

t*r      .... 

2'06 

8-65 

3'2S 

6-44 

3>4« 

USS 

S-Sl 

i-n 

Soluble  salta      . 

2-96 

1 2 '24 

21 -or 

41-39 

l-U 

«'39 

2383  ; 

m% 

Ii09S      .     -      .      . 

013 

0-64 

0-34 

1-66 

0-86 

2-83 

Q^m 

Mf 

Sam   ... 

lOOOO 

10000 

ICO'OO 

lOO'OO 

IQO-00 

100^ 

loo-m 

mm 

NiUrogen        per 

cent.        .     ,     . 

3-00 

12-5S 

4'SZ 

9-10 

8-73 

12  26 

3-20 

fi-n 

Phospbcmo   add 
(P6»)  p.  e. 

0-32 

Q'93 

0-63 

1-22 

0*66 

181 

0-8$ 

Q-fl 

Cliloride   of  io- 

diuni  per  cent 

0-49 

2-03 

n-S3       22'S 

O'&Q 

1-6S 

1I«1 

3074  1 

In  the  dark  brown  brine  b  which  the  beef  ftom  America  had  been  salted,  CKnrih 
found  62-23  per  cent  water,  1*23  albumin,  8*40  other  otganio  anbstuiees  (total  SMirt 
of  nitrogen  0*267  per  centX  0'4  phosphoric  add,  29*01  chloride  of  aodin^  S^iArt 

salts. 

Taxlb  UL—Con^xmUoH  of  Lean  and  Fat  of  Pork,  mdted  and  mmtid 
(Lassaigne,  J.  Chim.  mid.  [8]  iz.  165X 


100  pts. 

Flesh  of  ham  (lean)    . 
Breast  marbled  with  fat 
Back  .... 
Unsalted  fkt  .     . 
Salted  fat   . 
Salted  lean 


eomtain 

Vl  -water,28'ff  oiganie  substaaes^O-ff  NaC^  KOli 

29    «      70-6               „  0-4  ^       .    ♦ 

60    „     S9-B              „  <K  »       . 

10    „      89*7               n  0»  «       . 

8-8  „     88*3              H  7-9  VaQ 

66-8,,     28*8               ,.  14-4        » 


a  and  b,  together  with  alkaline  earboaatea. 

For  the  results  of  Lawes  and  Gilbert's  researches  "  On  tha  Oas^oaitiim  flf  tmtd 
the  Animals  fed  and  aUughtered  as  Human  Food"  (I^oo;  Bogr.  8Mi&llf]lM 

NUTHITIOK. 


FLESH, 


66S 


Tabu  IV Ccmpnntion  of  the  Fluh  of  Fu\ 

(P»yen,  Compt.  rend,  ittjx.  318), 


WmUf. 

Dr, 

Fit. 

■ubiUacn. 

1 
N  llrog^n. 

»»y 

76'489 

24  611 

0-472 

1-706 

3-846 

Conger-eel    . 

79-soe 

20001 

5  021 

M06 

2-172 

Salt  cod    .    . 

47020 

62-W71 

0-383 

2 1-320  • 

6-023 

Salt  henioK . 
Fwsh  bemngl 

48»9B 

61-003 

12-718 

16  433 1 

3-112 

70000 

30  000 

10-300 

1-900 

2-4.50 

Whitii^  .     . 

82-960 

1706[> 

0-383 

1-083 

2-416 

Mackerel 

68-276 

31-725 

6-768 

1-846 

3747 

Sole     . 

86144 

13-856 

0-248 

1-229 

1-Bll 

Dab     .    , 

79-412 

20688 

2-068 

1-936 

2-898 

Salmon     . 

76-704 

24-296 

4-849 

1279 

2-096 

Pike    . 

77-530 

22-470 

0-602 

1-298 

8-258 

Carp    . 
Bnrbel 

79-968 

23-032 

1092 

1-886 

8-498 

89-349 

10651 

0-212 

0-900 

1-671 

Blrak  . 

72-889 

27111 

€134 

3263 

3-689 

Eel.     . 

62076 

37-024 

23-661 

0-773 

2O0O 

OndgeoD  , 

76-880 

23*111 

2-676 

3-443 

2-779 

I        100  parts  of  tli«  dried  fleali,  free  &om  fat,  of  the  foUovi&g  ttk,  irert  found  hj  Fttj«a 
■    to  ooDtain : 


Eel 

Mackerel 
Sole 
Barb«I    . 


Carton. 

62-999 
61-616 
48-796 
46-927 


Hydrogen. 
7-474 
6-902 
6531 
6-800 


Nitroffoi. 
14-644 
16-836 
16-460 
16636 


19-296 
19-60S 
20032 
22-783 


6687 
6-139 
9-132 
6-966 


The  following  analysee  hj  Bchmits  and  Hulder  {Tyaiti  ds  Pelouga  tt  Frimy, 


lalysee  1  _ 
▼i.  264)  exbibirtbe  elemeotaiy  compoeition  of  the  mnacular  fleah  of  certain  fiahee,  free 
from  fiit  and  inoiguaic  matter. 


Tanu  T.—Mutcular  Fl4ah  of  Fuku, 

Hydrogen  . 

Nitrogen    . 
Oiypen .     . 
Sulphur ,     , 

Schmltl, 

tlUldtf. 

Attacna 

fittmialiUi. 

WtgarU. 

Anadonta 

Sofia 
tnU- 
gari*. 

Mrr. 

63-14    62-39 

7- 10      7*18 

1622     16-44 

26-64    24-99 

62-36 

7-20 

16-20 

26-26 

62-08 
7-U 
15-34 
26-44 
•     • 

62-40 

7-34 

16-33 

24-93 

62-50 
7-26 

•         # 

6314 

6-99 

16-49 

0-84 

63-69 

711 

16-40 

12-60 

lOO-OO  lOO-OO 

100-00 

100-00 

100  00 

Inof panic  eo  nUilventa  of  f'/r^A.-.Tlie  quantity  of  aiih  left  hj  msscular  flesh 
appean  to  varj  between  2  and  8  per  cent      The  ash  u  composed  chieflj  of  alkaline 
and  calcic  pboBphates,  with  smallor  qaantitiea  of  chloride,  solphate^  and  carbonate  of 
•odinm. 
I         The  following  tablea  exhibit  the  eompoiition  of  the  uh  of  Tuiooj  kindjs  of  fleth. 


•  Including  19  AM  chlorfdr  afiodiiini. 
-^  Including  14-Q23  chloride  of  •ndiiini. 
;  Cftlculkted  apf  roxlniAtalf  trjw.  ibe  com(vo(ilioo  of  tba  uUfd  herrisji. 
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Tiin.ii  YI— ^A  o/Mtuctdar  FUah  (Von  Bibra,  toe.  aU.), 

Per- 

CompofltloD of  iht  scb. 

Kame  of  AnlroaU 

ot  ub 
In  dried 

Chlo 

Sul- 

Alkmltnc 

E*rthj- 

C^iUy- 

muMTU- 

ridrof 

phate  of 

phiH 

ricpho*. 
ph&te*. 

I.At*  (A 

Iat  Obnt. 

•odium. 

MMlium. 

MMtlum 

Mall,  aged  80  yean :  moscles  .    .     . 

^     ^ 

10-30 

1-72 

72-9.^ 

16-03 

Man,aged69jean:  pectoral  mascles 
„              „      beftrt        .     ,     . 

•     « 

trace^i 

11-40 

6903 

19-67 

,     . 

3-48 

4-26 

63-68 

28-68 

1 

Woman,  aged  36 :  pectoral  miudea  . 
heart     .... 

4-80 

13-44 

1-86 

6368 

2112 

1 

3-61 

6-33 

traces 

84  14 

10-63 

Infant,  a  we«k  old:  mosdea   .    .     . 

.    . 

6-33 

2  04 

81-44 

1019 

Ox :  nioadea 

7'n 

6  60  1 

0-3O 

76-80 

16-40 

Badger,  female :  maaclaB    .... 

ei6 

4-04 

,     , 

86-96 

10-00 

WQd  duck :  muscle* 

1 

4*48 

£-40 

1-20 

traces 

84-00 
8700 

14-89 
12-10 

^          muscular  membrane  of 

atomach.     .... 

6-Ofi 

17-00 

0-90 

68-40 

1800 

Corp  {Ci/priniu  Carpio)     .... 

6-16 

1-31 

12-30 

44-19 

42-20 

Cat,  male :  musclea 

£-36 

3-17 

,    , 

7413 

20-70 

2-00 

,,       „       muscular   taasue  of  sto- 

mach   

4'£4 

1202 

6-00 

71-78 

10-60 

>,       ..       faeArt 

4*49 

1*31 

,     , 

88-86 

9-84 

traees 

„    female:  mtucles     ....    . 

4-81 

0-o6 

trooea 

74-06 

26-40 

„        „          muscles  of  atomHch 

292 

1-00 

^    ^ 

46-30 

62-70 

„       „         mucous    membrane  of 

Btomadi      .... 

2-26 

1-70 

»     « 

23-30 

76-00 

Eid»  female :  roaaclea    .    .    .    .      | 

4*68 
5-06 

100 
1-73 

•    • 

72-00 
7007 

20-60 
28-20 

Raven :  pectoml  muaclea    .... 

7-46 

£-34 

i*2*3 

8683 

810 

468 

3-34 

,     , 

7006 

17-60 

traces 

.,       muaoles  of  the  thigh  ... 

474 

4-66 

0-97 

86  03 

8-34 

J 

Turkey:  muscles  ,....,. 

4-30 

16*63 

22-20 

3325 

1-46 

10-46 

■ 

Squirrel:       „            

6-4« 

304 

traces 

8564 

1142 

Falcon  ( Falco  pt/rar^) :  muadea    . 

4-73 

11£ 

,    , 

90-40 

8-46 

tnfiSB 

„      muBcitlor  membrane  of  ato- 

macb 

2-82 

traces 

. 

57  90 

42-10 

tneei 

M       muco 08  membrane  of  stomach 

4-9d 

1-39 

. 

81-21 

17-40 

baee 

Fulcoo  {Faico  btuto):  musdea     .    . 

4-66 

7-38 

4-60 

4616 

41*97 

n       muscular  membrane  of  sto- 

mach      . 

4-96 

1-39 

8121 

17-40 

trace 

„       mucous  membrane  of  atomach 

8-97 

2  -07 

4-32 

61*11 

2050 

tzaoa 

Frog  {Bana  uculentd) 

496 

1100 

64-00 

26*00 

tn«e 

Owl:  moaclea 

4-40 

trace 

trace 

76-40 

23*60 

tzaoe 

„     musenlar  membrane  of  atomach 

4-0& 

trace 

4-40 

4900 

46*60 

tmv 

,,     mucous          „                ^ 

7-36 

trace 

3300 

31-30 

3670 

trK» 

HuTo,  malor  muscles     .    .    •    .    . 

4-48 

420 

090 

79-80 

1610 

Marteo,  male:  musdea 

4-42 

655  1 

2-18 

64-62 

37  66 

Hawk  (starved  to  death)    .... 

6-87 

6 '94 

•    • 

69-33 

24-36 

trw» 

Porch  {Prrcafiuviatilu)     .... 

7  08 

1-27 

. 

64-39 

44-34 

tnea 

Bumestic  fowl:  poct«ra1  muscles  .     . 

6-51 

1-39 

trace 

84  72 

18-89 

„             „      mascolar  membrane 

of  etomach .     .    . 

6-34 

18-46 

4-33 

68-62 

13  70 

tract 

„            „      four  years  old    .    . 

3-H 

1-30 

•         • 

86-70 

12-00 

„      thirteen  years  old  . 

4-31 

trace 

•         • 

8710 

12-90 

Fox,  female:  muscles 

a -85 

102  ! 

2-50 

74*08 

24-40 

„        „        muscular  membrane  of 

stomach     .... 

2-66 

4-13 

4-62 

46*36 

46-90 

„         „        mucous   membrane  of  , 

atomach     .... 

534 

8-06 

.    . 

76-64 

23-60 

Coif:  mnsdes 

trace 

fcrace 

89-80 

10-20 

' 

The  following  table  oontoiiis  analj 

aes  of  the  aah  of  Tsrions  kuid«  of  flesh  osmi  a 

< 

food.— A«b  of  fresh  beef:   a.  by  Ste 

Isel  (Ann.  Ch.  Fhaim  cxxrii   2«€)l— ^  I7       ' 

tieT»rri»  (Ann,  Ch.  Pbftrm.  Ittti,  378).— Of  b 
870).— Of  ult  cod  (Btockflflh),  by  StoUel,  loe.  eit. 

Tabli  Vn.— <4<*  of  Meat,  Salt  and  Frak 


1 

P(Vtuh 

Soda 

Frwh. 

S4lt.                             1 

Beef. 

YmL 

PorlL. 

&Mr. 

Han. 

Cod.* 

UU 

261 
84-91 
7-49 
4-01 
£09 
2-35 
0-9fl 

34-40 

2-36 
1069 

1-90 

l-4fi 
027 

3S-83 
4  31 

7-16 
4-66 
0-33 
0-69 

4218 

b« 

2-74 

24-70 
16-82 

0-73 
1-&0 

2'«-e5 

0-62 

21-41 

1-04 

0  2*0 

(  6-60 

V 

8-81 
S4-06 

b'lb 
0-41 
f>-64 

6372 
012 
472 
010 

0-23 

3'70 
4-26 
15-11 

40-22 
3-27 
0  64 

164 
16  78 

13-68 

Chloride  of  sodltttn     .     ,    . 
Chloride  of  potossiam  .    .    * 
Lime     ........ 

MHgD«SUi  .      « 

Ferric  oxide  ...... 

ChlcriD©    .     ..•••. 

10-22 
1-73 
8-31 

0-as 

I  Sulphuric  anhydride    .    .     . 
Phosphoric        „           ... 
Ferric  phosphftt*     •    •    •    • 

3-37 
34-3« 

1-77 
39-28 

481*3 

Ciu-botuc  Aiihjdrida    .    .    , 
Silicic             „            ... 
Charcoal    ....... 

Sand     ...••!.. 

8-02 
2-07 

'l-fi*2 

0  81 

Aflh*  per  eeot  in  diy  sab- 
itaoco    

1000€ 

99-90 

2-2 
72-6a 

99 '99 

3-1 
77-64 

9818 

98-87 

10081 

9908 

Water  in  fresh  snbstance 

R.  Websr  (Pogg.  Ann,  bum.  372 ;  btixi.  92)  ftniiljrsed  the  uh  of  hor»e*fl«#|i  in 
twowajBt  a.  By  lixiTiating  the  chftrred  flesh  with  water,  then  with  hydrochlorio 
•cid,  and  incinoratiDg  Imth  the  eitra<?ts  and  the  solid  residue.—  L  By  liii-riating  the 
nnehurred  flesh  with  water  and  witJ]  hydrochloric  acid,  then  carbonising  and  iucineT* 
tttiog  it ;  also  incinerating  the  eitrartt).  In  lK>tJi  ctme  the  flesh  operated  on  was  that 
of  the  fore-leg  of  a  loan  horse,  freed  from  blood  by  injection  with  water.  The  eom- 
poeition  of  the  totnl  quantity  of  aeb  (sulid  residue  ana  extracts)  obtained  in  tlie  two 
caaea  was  as  follows: 

KaCI        Na'O         K«0  C«0       MirO        F«»0»         ptO»  SO* 

a.  1-47       4-86       30'9d       1^80       S-8R       100       4674         030  -   100^ 

b.  7-21       6-08       84>4d       2-33       3'46       098       4fi-Sl  .     .   -     99-72 
The  total  quantity  of  asb  obtained  by  the  second  method  amounted  to  0-86  pe» 

cent,  of  the  froah  flesh,  and  414  per  cent,  of  the  flesh  dried  at  100°  C.  77*63  per  cent 
of  the  ash  wus  eontained  in  the  aqueous  eartract,  18*46  in  the  hydrochloric  add  extract, 
and  3-92  in  the  residue. 

X^XZSB-nrxcS.  It  has  been  stated  in  the  preceding  itrticle  that  the  mascnlar 
flesh  rif  animalM  of  the  higher  orders  is  moisteDed  with  an  acid  liquid,  which  is  moro 
abundant  in  the  iFitriped  uian  in  the  plain  muscles.  Thi.1  liquid  baa  been  examined 
chiefiy  bj  Liebig  (Ann.  Ch.  Pharm.  Ixii.  267),  Scherer  {ibid.  Ixix.  343),  and 
Strecker  (Cbem.  Soc,  Qu.  J.  i*  121).  It  is  of  reddiah  colour,  reddens  litmns  paper 
■troTigly,  and  is  partially  coagulated  by  heat.  It  enntaina  albumin,  casein,  creaLine, 
creatinine,  sarcine,  lactic  acid,  inosic  acid,  seTeral  Tolatile  acida  of  the  series  C"HH>', 
among  which,  forraic,  acetic,  and  butyric,  are  the  most  conspicuous,  a  red  pigment, 
■irailar  to,  biiti  acconling  to  Lehmano,  not  identical  with,  the  colouring  matter  of  the 
Hood,  and  inorg»nic  Halts,  cM*-&^  alkaline  chlorides  and  phosphates. 
■  A  small  portion  of  the  flesh-juice  runs  out  on  pressure,  but  the  greater  part  remain* 
f  in  the  tissue,  andean  only  be  extracted  by  treatment  with  water.  The  mode  of  obtaining 
it,  and  separating  the  creatine  from  it  has  been  already  explained  (see  Chxatinv, 
ii.  96,  h).     The  albnmin  separates  on  boiling;  the  casein  is  detected  by  acetic  acid,  or 

iby  the  application  of  rennet,  either  of  which  ppoduces  turbidity. 
Th«  mother-Hquor  from  which  the  creatine  has  crystallised,  if  further  eraporated, 
mixed  with  small  portions  of  alcohol  till  milty  turbidity  ie  produced,  and  then  left  to 
stand  for  some  days,  depotitj*  yellow  or  white  granular,  laminar,  or  needle-shaped 
crystals,  which  an  a  mixture  of  creatine,  phosphate  of  magnesium  (if  the  phoiphorio 
m  •  Tbe  fletb  wu  looked  ia  Uiae>water  and  «uba4 
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kcid  has  not  been  preriottsly  quite  separated  bj  bBiyta,  U.  95)»  and  tha  potaanom 
and  barium-ealte  of  inoaic  acid,  C*H«N*0«  (?). 

On  mixing  the  liquid  from  which  the  ino«ates  hsTe  0«parat«d,  with  about  fire  tim^ 
it3  Tolume  of  alcohol,  it  soparatea  into  two  layers,  the  lower  of  which  ia  thick,  Bjrajry. 
and  brownish*yellow,  and  tha  upper  more  raobije  and  amounttng  to  20  time*  the 
Tolume  of  the  lower.  The  heavier  liquid  cooled  to  —  S"*  C.  deposits  a  large  quantity  of 
tryatals  of  chloride  of  potassiam.  If  separated  from  the  lighter  liquid  and  mixed  with 
an  equal  volume  of  common  ether,  it  becomes  milky,  and,  on  leaving  it  at  reat,  thera 
gradually  collect*  at  the  bottom  of  the  reseel  an  amber-yellow  syrupy  liquid  consisting 
almost  wholly  of  lactate  of  potassium.  The  supematant  liquid  abo  contaliu  a 
little  of  thia  salt,  but  h  chiefly  a  solution  of  creatinine. 

If  the  liquid  from  which  the  inoaates  haxe  aenarated  be  eraporated  orer  the  wat*r- 
b^ith,  and  the  residue  treat^^  with  alcohol,  all  the  lactates  are  dissolved;  and  if  the 
•Iroholic  Bolntioa  be  separated  from  the  insoluble  syrup,  and  ihe  alcohol  evaporated, 
there  remains  a  yellow  syrup,  which,  after  a  week  or  ten  days,  soUdifies  to  a  aoft 
crystalline  nmss,  consisting  of  creatine,  creatinine,  and  the  potaasixnn-salt  of  a  nitro- 
genous acid,  different  from  inosic  acid ;  the  mother-liquor  contains  lactate  of  potassiiiin. 
Aa  the  lactic  acid  from  fleflh-juice  exhibits  certain  peculiarities,  it  is  sometimea  called 
•  arcolactic  acid.     (S^e  Lactic  Acid.) 

When  the  hot  mother-liquor  of  creatine  (ii,  96,  b)  is  diluted  and  mixed  with  acetate 
of  copp4>r,  or  better  with  nitrate  of  sliver,  a  precipitate  is  formed,  containing,  together 


with  other  enbstancea,  a  compound  of  sarcine  with  the  oxide  of  copper  or  oxide  cf 
silver,  which,  when  decomposed  by  sulphydric  acid,  yields  iHir».i'n«  r.i»TT«N*n  in  Am 
form  of  a  white,  indistinctly  crystallino  powder.     (Strecker.) 


Inorganic  coiutitvfnts  a/ Flrgh-;juiee. — The  juice,  when  evaporated   to  dryness 
incinerated,  yields  an  nah,  difficult  to  bum  white,  and  consisting  of  alkaline  phosphates 
and  chlorides.     The  soluble  salts  extracted  from  it  by  water  contain  the  thi«e  modifi- 
cations of  phosphoric  add.     fLiebig.) 

The  flosh-juice  of  all  animaJs  is  very  rich  in  potash;  it  contains  cUoride  of  potaatitun 
and  only  a  Bmall  quantity  of  chloride  of  sodium  ;  in  the  blood  the  proportion  between 
these  aikiilis  is  rererscd.  It  appears,  from  nnmeroos  determinations  made  by  Liebi^ 
that  the  quantities  of  potash  present  in  the  blood  of  certain  animals,  for  100  pti.  of 
soda,  are  us  follows : — 


M 


Hmi. 

Ox 

HorM. 

Fox. 

TIk*, 

In  the  blood  . 

.     40-a 

S9 

9-fi 

In  the  fleah-juice    . 

.     3810 

2790 

28fiO 

214 

407 

F.  Keller  (Ann.  Ch.  Pharm.  Ixs.  91)  has  examined  the  ash  of  the  deeoctioo  of 
flesh  [of  what  kind?],  and  that  of  the  boiled  flesh.  Of  the  total  quantity  of  ash 
obtained,  822  per  cent  came  t^m  the  decoctioQ  and  17  S  per  cent  fnaa  the  boOed 
residue. 


A»b  or<t«eoctlon. 

Aih  of  reiidue. 

Total  amoiiiit  ofaik. 

In  wikher : 

In  water  i 

In  decoc- 
tion. 

Id  raaUw 

(iolkible. 

Ftitotuble. 

Soluble. 

Icuoluble. 

P»0» 

23-5fi 

2-72     1 

6-92 

32-48 

21  59 

6-83 

;S-   :    :   : 

8-2.5 

0-38 

•      •      1 

,     . 

7  09 

8-98 

0-42 

,      , 

7-72 

80* 

K«0       .        .        . 

8-21 

0-38 

,      , 

295 

3-78 

0-45 

, 

, 

347 

KH),        .       . 

34-18 

4-69 

676 

2013 

31-95 

4-7S 

(2CaO       . 

^       , 

306 

0-29 

906 

261 

l-6« 

P'O^fiMgO      . 

^       , 

6-76 

0-67 

16-26 

4-73 

2-99 

(2Fe*0»    , 

•       • 

057 

0-06 

7-97 

0-46 

1-42 

81'95 

18*43 

13-59 

86-69 

82-47 

17-68 

100  38 

99-48 

10015 

From  thnse  analyses,  it  appears  that  of  the  inorganic  salts  contained  in  meat  nearly 
fonr-fllUis  are  eztncted  by  boiling  with  water.  Part  of  the  earthy  and  ferric  pbosphaUs 
posses  into  solution  through  the  medium  of  the  alkaline  phosphates :  but  ZBMt,  even 
after  long  boiling,  is  ftili  rich  in  alkaline  pbosphatsa,  althuagh  the  earthy  phosphates 
predominate. 
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Broth. — Wlien  moAt  ia  boiled  with  water,  tulpbjdrato  of  ammonium  i»  erolred, 
together  vith  odoriferous  compotinda  and  an  acid  resembling  acetic  acid.  The  ex* 
tract,  called  A  ro  t  h,  contains  fat,  a  portion  of  the  odoriferooB  compound*  just  msntioned, 

S latin,  soluble  salts,  and  the  varioua  proximate  principlefl  wTipting  in  the  meatk    The 
lowing  is  its  compoBition,  according  to  CherreaL 

Water MSff^ 

Rzed  otganic  matters  dried  at  2(P  0.  in  vacuo  ....      1270 

Soda ) 

Potaeh     .        .        ...        .    [ J-Wl 

Bulphtirioand  phoaphorie  acids,  cMorine) 

Phosphate  of  magneaiiim 0-23 

Phosphate  of  calcium  \  ^  , . 

Oxide  of  iron     .         / '  ill 

1004-50 

Boiled  meat  retains  the  fibrin,  together  with  part  of  the  albnnin,  and  the  earthy 
and  ferric  phosphates  cont&ined  in  the  raw  meat. 

The  qaidity  of  the  broth  and  of  the  boiled  meat  depends  grratlj  on  the  mode  of 
boiling.  To  make  good  broth,  the  meat  ahoitld  be  placed  in  cold  water  and  gradnally 
xaisod  to  the  boiling  heat  By  this  means,  the  soluble  constituents  of  the  meat  are 
extracted  before  the  albttmin  faaa  time  to  ooagubite  in  the  tissue  and  oppose  their 
extraction.  In  fact  the  ooagolation  of  the  albomin  then  takes  place  in  the  liquid 
only,  iK)t  in  the  sabstanoe  of  the  meat;  and  as  the  albumio  becomes  insoluble,  it  rises 
to  the  aurfiuA,  carrying  with  it  certain  calcium-salts  which  would  render  the  broth 
turbid,  and  forms  a  $cum  which  prevents  the  volatilisation  of  the  odoriferoua  matters. 
To  obtain  savouiy  and  nutritious  boiled  meat,  the  meat  should  be  at  once  plunged 
into  boiling  water,  so  that  a  thin  layer  of  coagulated  albumin  may  at  once  form  on  th« 
surface  and  retain  the  soluble  matters  witbin  the  tissue. 

The  broth  does  not,  however,  contain  the  whole  of  the  substances  extracted  from 
the  meat  by  boiling,  inasmuch  as  a  portion  of  these  substances  undergoes  decomposition 
and  produces  the  aroma  ;  hence,  boiled  meat  and  its  broth  taken  together,  are,  for  the 
same  weight,  somewhat  lees  nutritious  than  roast  meat 

Liebiff's  Broth  for  invalid*. — Half  a  pound  of  finely  chopped  meat  (beef  ox  poultrr), 
from  a  recently  kuled  animal,  ia  macerated  for  an  hour  with  \h  lb.  cold  distilled 
water  to  which  4  drops  of  pure  hydrochloric  acid  and  a  drachm  of  common  salt  have 
"heea  added ;  the  liquid  is  then  separated  from  the  residue  by  straining,  without 
pressure,  through  a  baii^sieve,  and  the  residue  is  still  further  exnausted  by  gradually 
pouring  on  it  half  a  pound  of  distilled  water.  In  this  way,  a  pound  of  cold  meat- 
extract,  is  obtained,  of  reddish  colour  and  agreeable  taa'je.  It  must  be  taken  cold,  as,  if 
heated,  it  becomes  turbid,  and  deposits  a  thick  coagutam  of  flesh-albumin  and  blood- 
red.  The  advantages  of  this  mode  of  preparation  Ate  th^t  it  yields  an  extract  con- 
taining certain  ingredients  which  are  wanting  in  ordinary  broth  prt-pared  by  boiling, 
those,  namely,  which  serve  for  the  formation  of  blood- albumin.  Besides  flesh-albumin, 
it  contains  a  certain  quantity  of  blood-red,  and  a  much  laiger  quantity  of  iron  (which 
is  necessary  for  the  formation  of  blood-corpuscles),  beeidev  the  hydrochloric  add, 
which  assists  the  digestive  process. 

In  warm  weather  this  extract  ferments,  though  without  any  bad  odour.  It  should 
therefore  be  prepared  with  quite  cold  water  in  a  cool  place.  (Liebig,  Ann.  Ch. 
Fhirm.  Ixvii  350.) 

V&XZZB&S  SAVSaTOWa.  a  fissile  variety  of  sandstone,  thin  (Jabs  of  which 
exhibit  a  certain  degree  of  flexibility,  apparently  owing  to  the  dissemination  of  email 
■calea  of  mica  through  the  msBs.  Sandfitones  of  this  character  occur  at  Villa  Rica, 
Brazil,  and  in  the  gold  rt'giou  of  North  Carolina. 

nSXXSKB  SHXiVaS-CRB.     See  STKBltBsaorrE. 

mtMrSm  A  variety  of  quartz,  somewhat  allied  to  chalcedony,  but  more  opaque  and 
of  dull  colour,  usually  grey,  smoky  brown,  andbrownwh  black,  occasionally  with  «oned 
and  striped  delineations.  It  occuia  in  nodules  embedded  in  chalk.  Internal  lustre 
barely  glimmering,  Bubvitreous.  Fracture  cflDchoidnl.  Frugnnents  sharp-edged.  Trans- 
lucent Harder  tlian  rock-crystal.  Easily  frangible.  Sp.  gr.  2-69.  luAisibla 
without  addition,  but  whitens  and  becomee  opaque.  It  consists  mainly  of  silica  (about 
98  per  ceDt,),  with  small  quantities  of  lime,  alumina,  oxide  of  iron  and  water.  The 
fiint  of  the  chalk-formation  consists  largely  of  the  remains  of  infusoria,  sponges^  and 
other  marine  productions.  The  silica  of  flint  acmrding  to  Fuchs,  is  partly  solublB  silica, 
easily  taken  up  by  a  solution  of  potash.  When  two  pieces  of  flint  are  rubbed 
together  in  Uue  dark,  they  phosphoresce,  and  emit  a  peculiar  imelL 

rxiZirxv  sxiATa.   SeoSLais. 
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lF&OA.T8TOWa.  A  light  sponger  T&riety  of  quartz,  the  quartx  neetlque  tit  Hftoy, 
conaiating  of  fibrm  or  fll&inentaTy  cryEstaU  iig^TQg»t«d  into  a  RKmgj  or  porous  muB,ftQd 
00  iif(bt  u  to  float  on  water.  Colour,  Wait«  of  rariotia  shades.  It  ocean  in  tli« 
^Alk  fDrmatioa  of  M^aU-Moot&iit,  near  Paris,  and  in  some  of  the  Comiah  mines, 

ritOB  rSMXt.    A  coralloidal  varietj  of  arragonite  occurring  in  beds  of  iron-ore. 

niQXnu  The  powder  of  the  granunacotts  seeds.  (See  Bbk&d  and  Whsat:  also 
Vre'g  Diciwtiartf  of  Art*,  Sec,  ii.  277.) 

nM-WvmB^COlMWkM  OP.  (Schiihler.  Schw.  J.  zIti.  286.— DeeandolK 
ibid.  Iv.  472.— CUmor-Marquart,  DieFarben  der  BlUthtn,  Bonn.  1836.  Frimy 
and  Cloei,  J.  Phann.  [3]  xxr.  249.  Martens,  InstituL  1856.  p.  168.  Filhol,  Cbmpt 
rend,  mix  194;  L  345,  1132;  Jahreaber.  f.  Chem.  1860,  p.  636.)— The  petals  of 
flowers,  while  still  enclosed  in  tbe  bad,  are  mostly  green,  and  aeqoiie  their  chan»- 
tcriKtic  cobors  only  aoder  tbe  infiaeDce  of  light.  Sometimes,  howerer,  they  are  white 
in  the  first  instance,  or  the  buds  exhibit  the  earae  eoloois  as  the  axnuid>ed  flowen; 
The  blue  and  red  pigments  of  flowen  are  generally  eolublo  in  water,  whereas  vaaaj  of 
tlie  yellow  pigments  ure  of  resinous  nature  and  dissolve  only  in  alcohol  and  eoer. 
Schublerand  Deoandolle  eadcavoored  bo  pnrrethe  existence  of  two  essentially  diiEneat 
seriee  of  fiower  colours,  the  xanthic,  producing  the  yellow  tints  with  their  traaaitioiis 
into  red,  aud  the  cyanic,  producing  the  blue  tints  with  their  modificjitions ;  and  that 
the  colours  of  both  series  are  formed  frym  chlorophyll,  the  xanthic  by  oxidation,  the 
cyanic  by  deoxidation  ;  but  these  viewe  are  not  bom©  out  by  observation. 

Tbe  extractive  blue,  violet,  and  red  pigments,  which  are  likewise  contained  in  brown 
and  orange-coloured  flowers,  were  designated  by  Clamor-Marquart,  as  anthocyan,  ths 
resinous  yeUow  pigment  as  anthoxanthin.  According  to  fr^my  and  Cloex.  Uas 
flowers  contain  a  colouring  matter,  called  cyanin  (ii.  274),  which  is  identical  with 
Harquart'e  anthocyan,  and  occurs  also,  coloured  by  acids,  in  red  flowers.  Yeliow 
flowers  on  tbe  other  hand  contain  two  distinct  colouring  matters,  xanthin  and  ran- 
thein,  the  former  insoluble,  the  latter  soluble  in  water. 

According  to  Martens,  nil  plants  secrete,  in  cells  situated  in  the  ininMiohyma  below 
tbe  cpideriiib,  s  pale  yellow  juice,  which  become*  continually  daxkiT  in  colour  by  tbe 
action  of  air  and  light,  and  sometimes  grsdoally  tarns  red.  This  extractive  mattr;. 
likewise  called  xan  the  in  by  Marteos,  is  generally  associated  in  plants  with  a  bitw 
pigment,  the  anthocyan  of  Marquart  and  the  cyanb  of  Fr^my.  Alkalia  turn  cyamn 
green,  and  deepen  the  yellow  colour  of  xanthein. 

According  to  Filhol.  nearly  aU  flowers  contain  a  substance  which  forms  colourless  solo- 
tioos  with  iicids,  and  acquires  a  flue  yellow  colour  when  treated  with  alkalis:  this  sub- 
stance was  designated  by  Marquart  asresin  of  flowers,  andby  Hope(J.pr,  Cheia,x. 
269)  as  xantbogen  (q.  v.),  which  name  is  also  retained  by  Filhol.  He  describe*  it  «s 
BuHd,  of  a  light  yellow  colour,  with  faint  greenish  iridescence,  soluble  in  water,  alcohol, 
and  ether,  and  very  much  like  luteolin,  with  which  it  is  associated  in  weld  {Rettda  luttA), 
Imt  neither  crystalline  nor  volatile.  Xanthogen  is  not  contained  in  mosses,  in  plants 
which  prow  in  the  dark,  or  in  the  flowers  ot  Fttarqonium  totiaU,  P.  inqtunaru,  Papavtr 
Rhf-as,  or  the  various  species  of  Salvia  and  CanicUia,  All  these  flowers,  when  tzeated 
with  alkalis  assume  a  blue  or  violet  colour,  without  any  admixture  of  green,  and  the 
colouring  matter  contained  in  them  is  much  mo(re  stable  than  that  of  most  other  flowenu 

The  xanthein  (^.  v.)  of  Fr&my  and  Cloes  odsts  also,  Bceording  to  Filhol,  in  many 
flowers  either  alone  or  associated  with  cyanin.  The  xanthin  of  the  same  chemists 
exhibits  peculiar  relations  to  chlorophyll  Its  alcoholic  solution  is  coloured  green  slowly 
by  dilute,  quickly  by  concentrated  hydrochloric  acid,  and  the  liquid,  if  exposed  for  some 
time  to  the  air.  turns  yellow  and  tfeposits  a  blackish  eubstance  which  dissolveswitll 
blue  colour  in  alcohol  and  ether.  By  agitation  with  a  mixture  of  hydrochloric  acid 
and  ether,  it  is  still  more  quickly  reaolved  into  a  blue  and  a  yellow  colouring  matter. 
Both  xanthin  and  chlorophyll  treated  with  hydrochloric  acid  containing  a  trace  of  nitric 
acid  yield  a  nearly  pure  blue.  Xanthin  ia  less  easily  altered  by  sunahine  thio 
chlorophyll. 

Certain  yellow  flowers,  especially  those  of  Crocus  lutnu,  contain  a  peenb'ar  eoknniitt 
matter,  which  is  amorphous,  of  gi:>lden -yellow  colour,  soluble  in  water  and  in  aleoho( 
insoluble  in  ether,  distinguished  from  xanthin  by  its  solubility  in  water,  and  by  OBt 
being  perceptibly  altered  bv  hydrochloric  acid. 

The  cyaotn  of  blue  and  red  flowers  (ii.  274)  is  firee  from  nitrogen  and  identical 
with  the  colouring  matter  called  c&nolin  or  cenocyanin,  obtained  by  Gl^ird 
from  red  wine.  The  cyanin  of  red  flowers  dissolves  in  alcohol  and  in  water  wititost 
perceptibly  colouring  the  liquid;  but  tbe  addition  of  a  few  drops  of  acid  brings  otil  th« 
colour:  hence  Filhol  rff^ards  cyanin  as  identical   with   Hijpe'a  crj'thn->gen  (ii.  50.U 

Some  red  flowers,  several  kinds  of  aloe  for  example,  coo  tain  a  colouring  matter  dif- 
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liBKnt  from  cy&tuD,  tipannglj  aoiable  in  water,  casilj  io  cold  alcoliol*  nearly  inaolahb 
in  ethor,  and  not  oltcnKl  in  L'olotir  bj  acida  or  bj  buea. 

All  flowers  contain  uncrystaliiaabl^  imgur  (Fi  Iho  1). 

The  statompDt  of  oU!«r  obsenrera,  tbat  the  blue  colotin  of  floweni  km  produced  from 
red  b^  the  action  of  uikaliii  dereloped  in  the  platit,  ia  not  eonfirmed  bj  experimeat 
Alkalid,  in  fact,  either  prodoM  DO  effect  on  red  flowera,  or  torn  ihem  graen^  bat  cer> 
tainly  not  blue. 

The  coloun  of  flawen  are,  for  the  most  part,  very  fbgitiTe,  and  tbcrefore  of  little 
use  in  dyeing.  On  carthamio.  the  red  dye  obtained  m>in  the  flowers  of  Cartkamtu 
Uneioriut,  8e«  roL  i.  p.  808. 

WJtOA.'W^St,  A  coniititaent  of  gutta  percha,  confititnting:  from  4  to  6  per  cent,  of 
that  tiulistaiiee.  It  is  yellow,  reainona,  somewhat  heavier  thitn  vat^r,  hard  and  friable 
at  0^  C,  »oft  at  higher  temperatures,  pasty  at  60°.  Ji«juid  at  100— 1 10°.  At  a  stronger 
heat  it  boila  and  dMompotieB,  (urninp  brown  an<l  gi\'ini?  off  acid  vapours  and  hydro* 
earbona.  It  diaaalves  at  common  tjempfrature*  in  alcohol  (^  which  it  obstinately  retain*), 
in  ether,  benzene,  oil  of  tarpentine.  eulphide  of  carlxm,  and  chloroform,  remaining  as 
an  amorphoQii  maas  when  the  solutiotm  arr  pvapomtcd.  Sulphuric  and  nitric  acidaact 
upon  it  ut  the  same  manner  as  upon  gutta  percha ;  strong  hydrochloric  acid  dissolvea  it 
without  decomposition  ^Payen,  Compt.  rt.>nd.  zxxv.  109).     See  Gt'TTA  PancHA. 

rXiUCBazXTB.     Syn.  with  FLUOCBBrra. 

l^XiUEZiXiXTE.  A  tluoridu  of  aluminiura  ciyBtalHsed  in  minute  acnte  rhonbie 
octabedrone,  with  truncated  apex,  and  occurring  on  quartz,  togjether  with  wavellite  and 
nraniu,  at  Stanna-gwyn  in  Coniwall  HardnesB^S.  Colour  white,  tranaparent.  (Levy, 
Ed.  J.  Sci  1826,  p.  168.— Dana,  ii,  98.) 

niirOBORXC  ACX3>.     See  BoBov,  Flt^oudb  of  (i.  633)l 
r&VOCXl&XWS.    Batictrine.     Basic  fluorid«>  of  cerium  from  Fiobo  (L  834). 

TJ.TTOCTMZTM,  Fluctrine.  Kormal  cerous  fluoride,  occurring  at  Finbo  and 
BrodUbo  in  8*pd«n  (L  834). 

ViiroCHXtOKS.  A  name  applied  by  Hermann  to  thoM  rarietiea  of  pyroehlore 
which  contain  ^uurioe  but  no  water.    (St^e  Ptbocslobb.) 

FUro^TTB.     Pitchstone  from  Iceland. 

n.1TO&BTI»»tC  or  HT]>SOFX.irOBZC  ACXS.  KF.  This  acid,  which  is 
the  only  known  compound  of  fluorine  and  hydrogen,  was  first  prepared,  though  in  an 
ixnpura  state,  containing  ailica,  by  Scheele  in  1771.  Gay-Lusaac  and  Thlnard,  in 
18U8,  &r«t  obtained  it  in  the  pure  stale,  but  rt^arded  it  aa  an  osygen-coniDoand. 
Ampkv,  in  1810,  saggested  that  it  waa  a  hydracid  analogoua  to  hydrocnloric  acia ;  and 
this  Tiew  waa  uiti^rwarda  experimentally  confirmed  by  Davy. 

t\)nnation  and  Prtvaration.—  Hydrofluoric  acid  ia  produced  by  the  action  of  eul- 
phnrie  acid  on  metaUic  fluorides,  floor-epar,  which  is  a  flooride  of  calcium,  being  almost 
alwaya  used  for  its  preparation : 

CaF'  +   U^SU*  =   211F   +   ('n.-^O'. 

To  obtain  the  acid  pure,  a  leaden  or  platitiom  re^sel  must  be  used,  as  it  corrodes  glass 
or  earthenware  with  great  rapidity.  To  prepare  the  aqueous  acid  in  its  strongest  form, 
fluor-spar  perfectly  dry  is  mixed  with  twice  ita 
weight  of  strong  sulphuric  acid  (speciflc  gravity 
1-85),  in  a  leaden  retort  {fig.  483)  haviag  a  bent 
leaden  tube  adapted  to  it,  the  lower  part  of  which 
is  immersed  in  a  freezing  mixture.  The  joints  are 
made  secure  with  day-feting  secured  with  a  band 
of  paper.  No  tin  solder  must  be  used  in  the  con- 
struction of  the  apparatus,  as  the  acid  attacks  tin 
rapidly.  On  applying  a  gentle  beat,  hydrofluoric 
acid  is  given  off  in  vapour,  and  paeaiEg  iuto  the 
bent  tube  is  there  condensed  into  a  liquid. 

The  acid  thus  prepared  contains  water,  from 
which  it  may  be  freed  by  distiEation  with  phoe- 
phoric  anhyorido;  it  is  then  obtained  aa  a  gas 
(Lonyet,  Compt  rend.  xxii.  960);  according  to  Fr^my,  however,  tlie  dehydration 
effected  in  this  manner  is  not  complete.  A  better  mode  of  obtaining  the  dry  gas  is  to 
ignite  the  double  fluoride  of  hydrogen  and  potassium,  which  then  splits  np  into  ita 
component  fluorides,  EF  and  HF.  The  gas  may  also  be  obtained  by  passing  diy 
hydiogan  ov<>t  ignited  fluoride  of  lead  or  other  tactallic  fluorides. 


Fig.  483, 
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Hydroflnorie  acid  also  resnlts  from  the  decompoation  of  entain  flnoridei  hf  i 
ThoB  fluoride  of  silicon  reacts  with  water  to  form  hydroflnomlide  and  aiUde  adda: 

SSiF*  +   SffO  -  2(2HF.SiF*)   +  H«8iO«; 
and  the  hydroflnoeilidc  acid  gradually  breaks  up  into  fluoride  of  ailiooa,  whieh  erapo- 
rates,  and  hydrofluoric  add,  which  remains  in  sMution. 

Hydroflnorie  gas  is  colourless,  has  a  strong  add  reaction,  fbmes  in  moist  air,  and  if 
rapidly  absorbed  by  water.  When  abeolutely  dry,  it  has  bnt  little  reaction  oo  glass. 
AoBording  to  Fr^my,  it  condenses  at— 20°  C.  into  a  yery  mobile  liquid,  whieh  zeacts 
violently  with  water,  forms  white  fumes  in  the  air,  and  attacks  glass  readily.  The 
concen^tkted  aqueous  add  is  a  colourless  mobile  liquid,  which  boils  at  15^C. ;  the  fomci 
are  highly  eaustie  and  irritating,  and  the  liquid  itself  is  a  most  Tiziilent  eanstic,  a  sin^e 
drop  producing  a  painful  ulcer  vety  difficult  to  heaL  Its  union  with  exceaa  of  water  is 
accompanied  by  a  hissing  noise  and  a  considerable  derelopment  of  heaL  The  most 
concentrated  add  has  a  sp.  gr.  1-06.  The  acid  of  greatest  density,  namely,  1-lff,  is 
more  dilute,  and  is  usually  regarded  as  a  definite  hydrate,  HF.2H*0,  oontaining 
35-9  p.c  HF,  boiling  at  120<>  C.,  and  distilling  unchanged  under  the  ordinaiy  atmospherie 
pressure.  According  to  Boscoe,  however  (Chem.  Soc.  Qu.  J.  xiii.  163X  no  de6nite 
hydrate  of  hydrofluoric  arid  exists,  a  weaker  or  stronger  add  giving  off  water  or 
hydrofluoric  add  when  boiled,  till  the  residue  contains  from  36  to  S8  p.e.  HF.  Bf 
leaving  the  aqueous  add  of  any  strength  to  evaporate  over  quick  lime  at  -nnnmm 
temperatures,  a  residue  is  obtained  containing  32*5  p.c.  HF. 

from  the  analogy  of  hydrofluoric  add  to  hydrochlmie,  hydrobromic,  and  hydriodie 
add,  it  is  snpposea  to  contain  e^ual  volumes  of  fluorine  and  hydrogen  raans  nnited 
without  condensation,  its  composition  being  therefore  1  pt  hydrogen  nnitedirith  19  pta 
fluorine  and  its  atomic  weight  20.  This  composition  by  volume  has  not,  hovem; 
been  determined  directly:  for  flnorine  itself  has  not  been  isolated  in  a  aalMihrtniy 
manner,  and  even  the  specifie  g^vity  of  hydrofluoric  add  gas  is  unknown. 

Reaetiona. — ^Hydrofluoric  add  acts  wiUi  eneigy  on  many  elementaiy  bodiei;  wfth 
dally  the  metalt,  dissolving  them  with  evolution  of  hydrogen,  and  sometimes,  as  is 
the  case  of  potattiunu,  with  explosion,  and  formins  a  fluoride.  It  acts  in  tiliis  manner, 
not  only  on  the  metals  which  are  dissolved  by  hydrochloric  add,  bat  likewise  on  thoM 
which  that  add  does  not  attack,  cooper  and  iiiver  for  example.  It  also  dissolves  ma^ 
elementary  bodies  which  are  insoluble  in  all  other  adds,  namely,  silicon^  bomtt  tireeimiu, 
titanium  and  tantalwn,  giving  off  hydrogen,  and  forming  a  compound  of  the  nsoltiag 
fluoride  with  hydrofluoric  add ;  wiUi  silicon  (unignitedX  for  example,  it  forms  hydio> 
fluosilidc  add,  2HF.SiF*.  Ignited  silicon  and  titanium  are  not  attacked  by  hydio- 
fluoric  add  alone,  bnt  dissolve  in  a  mixture  of  hydrofluoric  and  nitric  adds  witk 
evolution  of  nitric  oxide.  Gold  and  platinum,  on  the  other  hand,  are  not  attaekti 
either  by  the  pure  add  or  by  its  mixture  with  nitric  add. 

Siliea  and  the  Mieata  are  veiy  energetically  attacked  by  hydioflnoric  add.    Silici 

dissolves  in  it  with  great  rise  of  temperature,  forming  a  eolourleas  solution  of  hydroflao- 

silidc  add,  2HF.SiF*or  H*SiF*;  if  the  hydrofluoric  add  is  eoncentrated,  the  liqiid 

boila  and  fluoride  of  silicon  escapes  as  gas.    With  silicates  it  forms  water,  flngride  d 

silicon,  and  a  metallic  fluoride  which  unites  with  the  fluoride  ai  ■Qieoa;  «,^.  vitk 

silicate  of  caldum : 

,ui<»iou  ^^.^,  ^  ^^^  ^  CaP.SiF«  +  8HH). 

With  silicates  of  different  composition,  an  excess  of  metsUie  fluoride  or  of  fluoride  d 
silicon  is  formed,  which  unites  with  the  hydrofluoric  add. 

On  this  reaction  depends  the  use  of  hydrofluoric  add  for  the  deoompontion  of  nKeslN 
in  mineral  analysis  (see  Siuo^tbs),  and  for  etching  on  glass.  For  the  latter  jNom 
the  glass  is  covered  with  etching  wax ;  the  design  is  traced  upon  it  with  a  pomted  » 
stmment ;  and  the  glass  is  either  exposed  to  the  vapour  of  the  acid,  or  tne  aqoMi 
add  is  poured  upon  it  The  vapour  is  preferable  to  the  liquid  in  this  respect;  tnit  tlw 
lines  which  it  forms  on  the  glass  are  opMue,  whereas  those  formed  by  the  liqnid  Ht 
transparent  and  not  so  easily  seen.  Etching  with  hydrofluoric  add  T^wnr  Ji  tbs 
best  mode  of  marking  scales  of  equal  parts  on  glass  tuMs  and  Jan. 

TTbVOUXDM  or  AXiVMZWXVIK.     (L  167.) 

TKUOMXDM  or  AMBCO VXUBK.  NH*F.  This  salt  aystalliaeB  tctm  •  mbdtm 
of  hydrofluoric  add  saturated  with  ammonia  and  left  to  evaporate  over  qndc  Vm,  i» 
thin  hexagonal  lamins,  or  veiy  brittle  hoUow  hexsgonal  prisms  ;tlie  oystals  arsSMif- 
what  deliquescent — Fluoride  of  Ammonium  and  Hydrogen,  or  AeidfiuaridM  rftmf^ 
mumt  NH^.HF,  fonns  slightly  deliquescent  riiombie  crystals  of  91°  60*,  with  A* 
terminal  foces  oP,  and  fr^uentlv  also  with  the  prismatic edgea  tmneatsd: itiiMt 
iaomapbooM  with  the  cozresponding  potasdnm-salt  (Marignae^  AmLCLIla* 
CSL98&) 

1  OF  MMVUmKT*    See  Ajitiicokt,  Flvobto  o»  (L  W^ 
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>^troxn»B  or  ABSXSTXC.    See  Aasmmc,  Fluobiiii  of  (i  371). 
rXiTTOaxo*  or  asirxOTXi.     C'H*O.F.    (Borodino.  Cimento,  xr.  30f ;  lUp. 

Chim.  parp.  186'2,  p.  336,)— Obtained  by  mixing  in  s  platinum  retort  1  at  chloride  of 
bensoyl  and  rather  more  than  1  at.  acid  fluoride  of  potjissian),  diitilling  as  soon  as 
Tapours  of  hjdrDflaoric  add  c««se  to  go  off,  and  collecting  in  a  small  platinum  roceirer 
the  portion  which  distils  bptwpoo  166*'  and  160°*  The  product  may  be  fiirther 
purified  by  fractional  dlBtiilation.  The  reaction  is  represented  by  the  equation : 
CH'OC'l     +     KRHF     -     CTI*OP     +     KQ     +     HF. 

Flnoride  of  beosojl  is  a  coloorlcss  oily  liquid,  hearier  than  water,  and  haring  an 
odour  ereo  more  irritating  than  that  of  the  chloride.  It  boils  at  161-6°  (corrected) 
nadvt  a  prejnore  of  746  mm.  When  par^  it  scarcely  attacks  glass ;  neremelew  its 
▼iqwtUHisDsity  cannot  b«  taken  in  glass  Teasels.  It  dissolves  withont  deoompoddon 
ia  tiher ;  is  cooTerted  by  tmier  into  benzoic  and  hydrofluoric  acids;  forms  with  potatk 
baoioato  and  fluoride  of  potaasiam:  with  aieoM,  benzoic  ether,  and  with  ammonia^ 
beniuiniidii.     It  does  not  appeur  to  unite  with  inetidlic  fluorides. 

rx.TTOsrsi!  or  B.&£ZxnK.    8«eBA.aiin(,  FLv-umnsoF(i.  504). 

rZiVOXlSS  or  BOKOV.    See  BoRow,  Flvobids  of  (i.  632). 

rx.iroRis£8    or    cadmzvm,    cax.cxvm,    CBitxcrM,    cobaziT, 

cor  PER*  (Sec.     S-e  the  several  metab. 
n.l70B.i9E  or  ETKT^    See  Ethtl,  Fluobibb  or  (ii.  633). 
rxuO&ISE  or  BYSKOOBW.    See  FLUORHTDaio  Acid  (il  669). 
r^poKXiiE  or  rBOSPHOXirs.    See  Fhosfhobds,  Fluobidb  of. 
rt>170S.ZI>B  or  SX^bZCOir.    See  Snjcoif,  Fiuomsa  op. 

rXtCO&tSSS,  METAXtXilCt  These  corapaands  are  formed:  1.  By  heating 
hydiofluoric  add  with  >:t'rtciin  metals. — 2.  By  the  action  of  that  acid  on  metallic  oxide* 
or  carbonates. — 3.  By  heating  eleetro-negHtive  metals,  antimony  for  example,  with 
fluoride  of  lead  or  fluoride  of  mercury. — 4.  Volatile  mettdlic  fluorides  may  bo  prepared 
by  heating  fluor-spax  with  Bulphuric  acid  and  the  oxide  of  the  met&L — 5.  loaoluble 
fluorides,  such  as  fluoride  of  caldiun  may  be  formed  by  predpitation. 

Fluorides  have  no  metallic  lustrv ;  most  of  Chem  are  easily  fusible,  and  for  the  roost 
pact  xesainble  the  ehlorideo.  When  dry,  they  are  not  decomposed  by  ignition,  either 
aloao  or  whea  mixed  with  charcoal ;  but  when  igoitod  in  contact  with  the  air,  in  a  flame 
vfaiohooDtainB  aqueoos  vapour,  many  of  them  arecoDTerted  into  oxidea,  while  the  fluorine 
is  given  off  as  hydrofluoric  add.  All  fluorides  are  decomposed  bv  chlorine  and  converted 
into  chlorides.  Thev  are  not  decomposed  by  phospkoric  anhydride^  unleaa  silica  ia 
preaeut.  They  are  decomposed  at  a  gentle  heat  by  strong  tulpkurio  acid,  with  forma- 
tioD  of  a  metallic  sulphate  and  evolution  of  hydrofluoric  acid. 

The  fluorides  of  tin  and  silver  are  easily  soluble  in  water ;  those  of  potassium*  aodiuni, 
and  iron  am  sparingly  soluble  ;  those  of  atrontiam  and  cudmiurn  very  slightly  aolable, 
and  the  rest  inaolable.  The  solutions  of  fluoride  of  ammonium,  potassium,  and  aodinm 
have  an  aUtaline  reaction.  The  aqueous  solutions  of  fluorides  corrode  c^aas  vessels  in 
which  they  are  kept  or  evaporated.  They  form  with  soluble  calcium-salta  a  predpitata 
of  fluoride  of  caldum,  in  the  form  of  a  tnLnsparent  jelly  which  is  scarcely  ruible, 
because  its  refiuctive  power  ia  nearly  the  same  as  that  of  the  liquid ;  the  addition  oj 
ammonia  makes  it  plfliner.  This  precipitate,  if  it  does  not  contain  eUica,  dissolves  with 
difficulty  in  hydrochloric  or  nitric  acid,  and  is  repredpitated  by  ammonia.  Tfas 
aqueomi  fluorides  give  a  pulverulent  precipitate  with  acetate  of  lead. 

The  fluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium,  osmium,  tantalum, 
tin,  titanium,  tungsten,  and  line,  are  volatile  without  decomposition. 

Di'ubit  Ffuorides. — Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  ef 
a  fluoride  of  a  basic  or  positive  metal  united  with  the  fluoride  of  hydrogen,  taoNO, 
silicon,  tin,  titanium,  zirconium,  &c.,  eg. : 

Fluorhydiate  of  potassium KHF»     -*     KF.HF. 

Borofluoride  of  potassium  .         .         .        .        •     KBF*      —     KF.BF*. 

Silieofluoride  of  potassium K=8iP    =-  2KF.SiF*. 

Titanoflnorids  of  potassium Kn'iP  =  2KF.TiP*. 

StsfflDofiuoride  of  potassium K*SnP  —  2KF.SnF*. 

Zircofluoride  of  potaBsinm         .....    K'ZrF*  =-  2KF.ZrF*. 

It  will  be  observed  that  the  double  fluorides  of  silicon,  titanium,  tin.  and  Eipconium 
sre  represented  by  corresponding  formulae.  It  RppcAn  indeed  from  the  experiments 
of  Marignao  t-i^n.  Ch.  Phann.  evil.  S4 ;  cxL  380;   civi.  369.— Ann,  Ch.  Pbys. 

•  Th«  lutte  or  the  thfrmonipter  iliauld  tw  protectcdl  by  placing  It  wlthlo  a  imsU  Utw  oC  plaUtuna 
plating  ihrough  thf  tubulurc  ofcbe  rMorC 
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[3]  Iz.  257.— Jiihnsslwr.  f.  Chem.  185S.  p.  144;  18^59,  p.  106;  1860.  p.  134),  tbtt 
the  corrpHponding  douLlc  fluoridt-B  of  silicon,  tin,  and  titaniam  crystallise  tot  the  most 
Mrt  with  tiic  (uiine  number  of  atonu  of  water,  and  are  isomorphoos  with  each  other. 
Tfaua  the  ailicofluondes  aad  stannofluorides  of  Mtrontiuxn  crjstolliae  each  with 
1  at.  water,  hare  nearly  the  same  degree  of  iiolul>ility  in  water,  and  form  mooodinie 
crj-Btalfl  in  which  odP  :  qdP  ia,  in  the  former,  «  84°  16',  in  the  latter,  -  82® 
23'.  The  Eine-fluorides  of  tin  and  silicon  crystallise  with  3  at  water  in  hesaaooil 
prisma  with  rhombohpdml  fac^s,  in  which  R :  R  »  127°  16',  and  aimtlar  tartDM 
ar«t  exhibited  by  the  correBpondiing  salts  of  nickel  (R  :  R  =127°  30*)  and  cadmimit 
(R :  R  for  the  Btannofliioride  =»  127°).  The  corresponding  salts  of  cobalt,  iron, 
manganese,  and  copper  are  likewise  isomorphons  with  the  preceding,  and  a^zm 
with  them  in  their  optical  properties.  The  zircofluoridea  or  flnocirconaiea  exhibit  is^ 
morphism  with  the  correspondijag  sLhcofloorides,  &c.,  in  a  few  cases,  but  by  no  means 

The  great  tendency  of  fluorine  to  form  double  salts,  has  led  to  the  idea  that  it 
■hoald  be  regarded  ns  diatomic  and  analogons  to  oxygen,  with  the  atomic  weight  38, 
rather  than  as  monatomic  and  iinalogous  to  clilorine,  with  the  atomic  Wright  19.  On 
this  supposition,  denoting  the  lai^cr  atom  of  fluorine  by  FS,  the  formula!  of  the  fluoriiles 
would  be  as  follows : 


Hydrofluoric  aeid .        •       • 
Fluoride  of  potassiom  and  hydrogen 


Ft 


-   k{ 


Ft 


Fluoride  of  potassium    . 
Fluoride  of  boron  . 
Borofluoride  of  potasaiam 
Fluoride  of  silicon  , 

Sihcofluoride  of  potassium 


H 
H 
H 
K 
K 
E 
B»FP. 


Ft 


SiFf". 
Si'» 


FP. 


The  queeHon  cannot  be  directly  decided,  because,  as  already  obserred,  the  rapoor- 
densities  of  fluorine  and  of  hydroSuoric  acid  are-not  known  ;  but  the  recent  cxpenaagte 
of  Borodin  e  (Ciraento,  xt.  305  ;  R5p.  Chim.  pure,  1862,  p.  334)  tend  strong]^  to  the 
condcsioD  that  fiuorine  is  tnonatomic,  as  hitherto  Bupposed^  and  that  the  doobk 
fluorides  are  analogous  to  the  double  chlorides,  iodides,  &c.^  rather  thaii  to  the  doable 
sulphides  and  oxides,  or  to  the  double  salts  of  dibasic  acids. 

The  fluorides  of  potassium  and  sodium  haTo  a  great  tendency  to  unite  with  hydro- 
fluoric acid,  and  form  acid  fluorideis,  and  consequently  they  reaoily  give  up  half  tbrir 
jnetal  even  to  the  weakest  aeida.     Thus  a  solution  of  Suonde  of  potasaiam  mixed  witil 
dilute  acetic  acid  yields,  by  eraporation,  ciystals  of  the  baU  KF.HF  : 
C>H«0»  +  2KF  =  KF.HF  +   CH'KO*. 

A  similar  action  takes  place  with  fluoride  of  sodium. 

An  aqueous  solution  of  benzoic  acid  does  not  act  on  fluoride  of  potassium ;  hut  sa 
aleoholic  solution  of  that  add  mixed  with  the  aqueous  solution  of  the  fluoride  yiddi  a 
crystalline  precipitate,  which  ia  a  mixture  of  aad  bemoate  and  acid  fluoride  of  potw- 
siura,  C'H'KO*.C'H«0'  +  KF.HF.  A  aimilar  action  is  exerted  by  ralenc,  citnc, 
oxaUc,  and  tartaric  adds.  Hence  it  appears  that  all  oi^anic  adds  decompose 
fluoridesof  potassium,  or  of  sodium,  forming  an  acid  fluoride,  but  do  not  themsdVasi 
with  the  alkaline  fluoride  in  the  same  manner  as  hydrofluoric  add  does. 

PliirORmss,  OSOAXTO.     Only  a  few  compounds  of  fluorine  with 
radicles  have  been  obtained,  via.  the  fluorides  of  benzoyl  (p.  671),  tthyl  (p.  633}!^ 
tnit&'/l  {q.  v.). 

l*£iroitnnS.  Atomic  v>tight,  19.^  aymhol,  F.    This  clement  is  widely  diffused, 
not  in  large  quantities.     It  occurs  most  abundantly  as  fluoride  of  caldum,  and  :" 
found  in  fluoride  of  cerium.  tf>paz,  cryolite,  warwickite,  and  yttrocerite  ;  and  in 
quantity  in  ftnor-apatite,  wagnerite,  amblygonite,  wavellite,  and  many  other 
It  also  occurs  iu  boues  and  teeth,  both  recent  and  fossil,  and  in  urine, 
Wilson,  o(  Edinburgh,  has  shown  that  fluorine  exists  in   a  great  number  of 
Qspedally  in  the  sUiceous  stems  of  grasses  and  equisetaceous  plants,  always,  h 
io    very   mall    and    variable    quantities.      He    supposes    that     soluble     fli 
compounds  dlflhse  themselves  through  the  rising  sap  of  the  plant,  aod  i 

verted,   br   the   ailica    contained   therein,  into  soluble  silico-fluoridea.      Ti 

fluorine  aisa  occur  in  the  trap-rodu  near  Edinburgh  and  ia  the  neighbovxhood  of 
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flytic  in  tb*  gmnhct  of  Aberdwnsbire,  and  in  the  loils  Ibrmod  by  the  diflint^gnition 
of  those  rockiu  Wilson  h&s  aim  foand  slij^ht  tmcf*  of  fluorine  in  the  oabcs  of  ox> 
blood,  milk,  and  cream- oheeM,  and  very  slight  tracca  in  the  anh  of  the  whey  of  milk^ 
(Edin.  PhiL  J.  liiL  356 ;  Chem.  Guz.  1850.  p.  366.) 

Small  qaantities  of  fluorine  hare  been  foond  in  the  wAtera  of  the  Seine,  Rhone, 
Saone,  Loire,  and  other  rivprs  (Nickljia,  Compt.  rend  xliv>  783;  xIt.  831.  M^ne, 
iftid.  L  781),  and  in  larger  quantity  in  certain  mineral  waters,  eepedaUj  thoae  of 
Contn-iirille,  Antogaat*  and  ChAtenois.     (Nicklis.) 

According  to  Nickl^  fluoride  of  caldum  occnrs  is  all  wat«>rB  which  contain  acid 
carbonate  of  calciam,  and  may  therefore  be  found  in  all  calcuroous  rocks  and  miiienb 
formed  by  Bedimentary  deposition. 

Of  fluorine  in  the  free  state  wo  know  but  little.  Fluorides  are  deoompoeed  by 
chlorine  and  converted  into  chloridee,  and  doubtless  the  fluorine  ia  at  the  same  time 
■et  free  ;  but  it  directly  enters  into  combination  with  the  material  of  almost  every 
veaael  th«t  can  be  oaed  to  receive  it,  so  that  it«  umlation  is  a  matter  of  great 
dtflSculty, 

Louyet  (Compt  rend.  xxii.  960)  decompostd  fluoride  of  ailrer  by  meani of  ehlorine 
or  iodine  in  a  vosaei  made  of  floor-epar,  and  obtained  a  gae  which  WM  eolooileaa  in 
thin  atrata,  did  not  bleach  vegetable  colours,  decompoaed  water  rapidly,  and  at- 
tacked most  metals,  not  however,  gold  or  platinum.  Frimy  (Compt.  rend.  xxxriiL 
3N  ;  xl.  ©86),  by  submitting  fu»cd  fluoride  of  potaseium  to  Ule  action  of  the  voltaic 
eurrent,  obtained  a  g-.>«  which  rapidly  attacked  platinum,  decompoaed  water,  with  for- 
raatioQ  of  hydroHaoric  acid,  and  displaced  iodine  from  ite  combinations  with  metala. 
B^  decompoelng  fluoride  of  calcium  at  a  red  heat  with  dry  chlorine  or  oxygen,  he  like- 
wise obtained  a  giui  which  rapidly  attacked  glass :  this  gu  appeared  to  be  fluorine. 

H.  Reinech(N.  Jahrb.  Poarm.  zi,  l\  by  heating  a  mixtore  of  cr^'olite,  peiozida  of 
lead,  and  acid  sulphate  of  potaaaiara,  obtained  a  colourieae  gaa,  chiefly  coneieting  ot 
oxygen,  but  having  a  pungent  odour,  like  that  of  oitMraa  acid,  which  he  attributed 
to  the  presence  of  a  araal!  quontity  of  free  fluorine. 

Kammerer  (J.  pr.  Chem.  Ixxxv.  452X  hy  heating  iodine  with  excew  of  flooride 
of  ailrer  in  a  sealed  tube,  from  which  the  air  had  been  expeUed  by  iodine-Tapoor. 
obtained  n  colourless  gas.  which  did  not  attack  glaai,  oould  be  collected  over  mercury, 
i|nd  was  nipiiily  abeorbed  by  potaeh,  the  liquid  mibMqiWQtly  not  exhibiting  a  trace  of 
iodine  or  of  silicon. 

riivorars,  dbtbctxov  amu  BSTnajLTXow  or.    i.  Fractiom.— 

Fluoirine  if>  usually  detected  by  the  evoluticvu  of  hydrofluoric  acid  which  takea 
plaee  when  its  compounds  are  heated  with  sulphuric  acid.  When  a  fluoride  ia  gently 
lieAted  with  strong  eulph uric  acid  in  a  lead^-n  cup  or  pbitinum  crucible;  the  veesel 
covered  with  a  plate  of  glaaa  coated  with  etching-wax  on  which  lines  are  tmced  with 
a  needle,  so  aa  to  expose  the  nirface  of  the  glass,  the  plate  removed  after  a  while,  and 
the  wax  scraped  off;  the  tines  are  found  to  be  bitten  in,  and  appear  particularly  distinct 
when  breathed  u^on. 

If  the  fluorine  is  in  very  small  quantity,  or  if  silica  isltkewiBe  present,  the  sabstanee 
nnder  examination  should  be  mixed  with  strong  solpharic  add  in  a  wntch-gkss,  heatet)  till 
it  is  dry,  and  the  residue  washed  off  with  water ;  the  spot  on  whifh  the  mixture  has  be^'O 
evaporated  then  appears  dull.  Another  method  of  detecting  small  quantities  of  fluorine, 
is  to  heat  the  suitiatance  (mixed  with  silica  if  that  bodv  »»  not  already  present)  with 
strong  sulphuric  acid  in  ft  glass  vessel ;  pass  the  cvolvod  fluoride  of  silicon  into  water; 
supenatur&te  the  resulting  hydrofluosilicic  acid  with  ammonia;  eviiporate  to  dryaeM; 
exhaust  the  residue  with  water;  agiiin  evaporate  the  filtrate;  and  test  the  residne  in 
the  ordinary  wav,  by  heating  it  with  snlphuric  aeid  in  a  platinum  veaael  oorered  with 
a  waxed  glass  plate.     (G.  W  ilson,  Chem.  Soc.  Qu.  J.  v.  161>) 

Nicklls  (Compt.  rend.  xliv.  679)  points  out  that  in  searching  for  traces  of 
fluorine,  error  is  very  apt  to  arise  from  the  presence  of  small  quantities  of  hydrofluoric 
add  in  the  sulphuric  acid  used ;  also  from  the  fact  that  certain  other  arids  in  the  state 
of  Yapour  act  upon  gUss  in  a  similar  manner  to  hydrofluoric  acid,  though  not  so 
powerfully.  He  stales  that  a  surfiice  of  rock-crystal  completely  withstands  (he  action 
of  all  acids  except  hydrofluoric  acid,  and  that  by  uaing  it  instead  of  glass,  the 
minutest  traces  of  fluorine  may  be  detected  with  certainty. 

Small  quantities  of  fluorine  may  also  be  detcctod  by  the  blow-pipe,  eapecially  if  the 
substance  examined  likewise  eontainii  water.  A  sample  is  intimtitely  mixed  with 
microeopmic  salt,  and  hented  at  the  end  of  a  glass  tube  open  at  both  ends,  in  such  a 
manner  that  the  flame  may  be  partly  driven  into  the  tube.  If  fluorine  is  present, 
hydrofluoric  acid  t»  given  off,  and  cond^nsesi,  tf^ther  with  vapour  of  water,  in  Ihfl 
upptr  and  c(X)ler  part  of  the  tube ;  on  evaporwtiog  the  water,  a  dull  spot  is  fouad 
rliere  the  hydrofluoric  acid  bvs  iicted  on  the  glaiM, 
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S.  Qunntttativ*  4ttimati0n, — Solid  fluorides  are  decon)p(»t«d  by  hiring  tfaaa 
in  a  plntinum  cnjcible  with  etrotig  sulphuric  add,  continuing  tie  beat  till  all  tb* 
fluorine  is  expelled  in  the  form  of  hydrofluoric  acid,  aud  the  exoeaa  of  solphorie  add  k 
lik^'wise  dravrn  off.  The  rcaidtuvl  solphate  is  then  weighed,  and  the  qoaattty  of  mae  ' 
in  it  calculated  ;  this  qUAfltity  deducted  from  the  original  weight  of  tne  fluoride  gH 
the  quantity  of  flaorine.  Or,  BUppo«ing  no  other  volatile  acid  to  be  preaent,  if  f 
difference  in  the  weight  of  the  fluoride  and  the  sulphate  formed  fkom  it  be  4 1 
qoaati^  of  the  flaorine  may  be  fotmd  by  meana  of  the  equations, 

SO*      48 

whence  the  qnantaty  of  flaorine  which  goes  off  ia 


F»  - 
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The  second  mode  of  calculation  ia  equally  applicable,  whether  the  fliunin«  he  < 
bined  with  om^  mr'tnl  or  with  »«?vfral. 

Sntme  flnorides,  especially  the  fluoride  of  aluminium,  are  somewhat  difl&cuU  to  de- 
compose by  sulphuric  acid  In  this  case,  the  anbatance  muKt  be  reduced  to  < 
flne  powder,  and  heated  for  some  time  with  rery  strong  sulphuric  add.  The  « 
dtion  may,  however,  be  more  quickly  effectc>d  by  fusion  with  aeid  mlpkaJU  of  i 
niunt.  When  fluoride  of  aluminium  ia  thus  treated,  and  the  residual  sulphate  of  aluod- 
nium  calciited  with  addition  of  a  imall  quanti^  of  carbonate  of  ammonium,  a  raddne  at 
pnre  aluminit  ia  obtaimxl ;  and  by  calculating  the  quantity  of  alaminium  eoatatncd 
therein,  the  amount  of  flaorine  may  be  determined  by  d^erence ;  ii,  bowrre^  the 
fluoride  contains  water,  the  amount  of  the  water  must  be  previooaly  detwminod. 

In  decom|>rt8ing  fluoridw*  by  sulphuric  acid,  it  ia  often  deaiimUe  to  M  ' 
amount  of  fluorine  directly,     i'or  this  purpose^  the  acid  vapoon  BVxArtA 
into  water,  nnd  the  amount  of  flaorine  ia  determined  by  meana  of  oxide  of  lead,  aa  win 
be  presently  explained. 

Aa  gaseous  fluoride  of  silicon  is  more  easily  separated  from  solid  compoanda  by  tfaa 
action  of  strong  sulphuric  arid  than  hydroflaoric  acid,  Wohler  has  proposed  to  drter> 
mine  the  fluorine  in  certain  compounds  by  mixing  them  with  nlica,  and  treating  tibflB 
with  strong  *»//jAh r«"  ac/rf.  The  fluorine  is  then  given  off  as  fluoride  of  silicon,  wbidi, 
when  passed  into  water,  ia  ri'solred  into  a  preoipitate  of  silica  and  a  solution  of  hydro* 
fluoeilicic  add.  The  liquid  separated  from  the  dlica  by  flltratioa  is  mixed  with  alco- 
hol and  with  a  salt  of  potassium,  sodium,  or  barium,  whereby  a  precipitate  ia  focmpd 
containing  the  whole  of  the  fluorine  in  the  form  of  silicofluoride  of  potassian, 
sodium,  or  barium  ;  this  predpiute  is  collected  on  a  weighed  Alter,  washed  willi  a 
mixture  of  equal  volumes  of  alcohol  and  water,  dried  at  100°  C.  and  weighed,  and  tba 
amount  of  fluorine  determined  from  it  by  calculation. 

Estimation  of  Fluorine  in  StdtUions :  a.  By  means  of  Oxide  of  Lead. — In  a  liqdl 
containing  hydrofluoric  acid,  unmixed  with  any  base,  or  with  any  acid  except  mtzie 
acid,  the  quantity  of  fluorine  may  be  determined  b^  adding  a  wiiighed  qnaotity  o( 
pure  caldned  oxide  of  lead,  evHporating  to  dryness  m  a  pUtinum  capsule,  and  a^ 
dning  the  residue  in  a  small  platinum  crucible,  taking  ctare  not  to  raise  the  lust 
high  enough  to  decompose  the  fluoridei  of  lead.  The  solution  moat  notoimtain  "^iifdi 
or  any  of  its  salts.  The  residue  exhibits  an  increase  of  weight,  uiaiiig  from  the  sobatit^ 
tion  of  fluorine  for  oxygen ;  and  a  calculation  similar  to  the  above  ahowa,  that  liii 
MwrMM  istothe  quantity  of  Jluorine  in  tke  rmdut,  in  the  same  ratio  as  the  diffrme* 
betwem  the  atom*e  weiffkt  of  fluorins  and  half  ihs  atomic  weight  of  «syatn  it  to  tht 
atomia  weight  offimrine.  Hence  if  the  iocrease  of  weight  be  d,  the  quantity  of  flaorias 
in  the  residue  ia 

19  _ 

"  "  U' 

*.  Bif  precipitation  as  Fluoride  of  Calcium, — In  neutral  liquids  containing  l  ._ 
fluorides,  the  fluorine  may  bo  precipitated  by  chloride  of  caldum.  To  fadhute  ' 
depoffition  of  the  predpitate,  the  whole  must  be  boiled,  and  left  to  itaelf  for  the  p_,- 
dpitate  to  settle  aown  -,  the  dear  liquid  then  poured  through  a  filter;  the  remaining 
precipitate  well  boiled  with  water ;  the  clear  liquid  again  poured  off;  and  Uieee  qppi»> 
tions  repeated  several  times,  the  predpitate  not  being  poured  upon  the  filter  till  it  hia 
been  well  washed  by  decantation.  It  ia  then  dried,  ignited,  and  weighed.  It  eootaias 
48-32  per  cent  of  fluorine. 

If  the  solution  is  acid,  it  is  best  to  supersaturate  it  with  carbonate  of  sodium,  and 
add  a  solution  of  chloride  or  nitrate  of  calcium,  which  thiowa  down  a  mixture  of 
fluoride  and  carbonate  of  calcium,  much  easier  to  fUt«r  and  wash  th«.T^  the  fluoric 
alone.  It  ia  dried  and  ignited,  the  filter  being  burnt  in  the  ordinozy  way ;  th« 
digested  in  a  platinum  capeule  with  acetic  add,  which  decompoMa  «nd  diwdTti 
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the  carbonate  oiTcaldain,  Isot  leareH  the  dooride  ontoaohed.  Tbi  whole  is  eraponteil 
to  dfTneca  orer  the  water>btitb,  till  the  residua  no  longer  noells  of  actrttc  acid ;  liiid 
thla  reaidoe  U  teatod  wiLh  hot  Tatt>r,  which  diasolTea  uie  aoetata  of  ealdom,  leaving 
the  fluoride,  which  may  be  waah«d,  dried,  and  weighed  aa  above.  If  the  precipitatM 
were  not  oaldoed  befora  being  treated  with  acetic  acid,  it  would  atop  ap  the  pone  of 
the  ftlter  during  waahing. 

If  the  solution  of  a  fluoride  containa  ammoniacal  salts,  thef  rauat  be  decompoied  fay 
txnliog  with  carbonate  of  sodium  before  precipitation,  inaamuch  as  fluoride  of  calcium 
ia  •omewbat  actable  in  ammonia-salta. 

Flaorine  may  al»o  l>e  prccipitttted  ttjluoride  of  barium,  or  of  Uad;  bnt  theee  mode* 
of  eatiinattoa  ar«  1#mi  tiXHCt  than  that  which  is  based  on  the  precipitation  by  calcium 
aahs  aa  juat  deacribfidL 

Ettimati(m  of  Fluorine  in  inaolubU  compounds. — ^When  tJie  quantity  of  fluorine  in 
an  tneoltible  compoond  ia  aomewhat  confliderable,  the  method  of  estimation  by  decom- 
poaitioii  with  Bulphtmo  aeid  (p.  674)  u  the  simplest  and  most  accurate  that  can  be 
(loyod  ;  but  reiy  small  quantities  of  flaorine  cannot  be  exactly  estimnlpd  in  this 
iner.  The  beat  mode  of  proceeding  in  such  cases,  is  to  convert  the  innolublc 
ide  into  a  soluble  fluoride  by  Aiaion  with  an  alkaline  carbonaU;  treat  the  fiwed 
maas  with  water,  and  precipitate  the  filtered  solution  with  chloride  or  nitzate  of  cakasail 
in  the  manner  already  deacribed.  Some  of  the  earthy  fluorides,  howerer,  e^)eciall7 
fluoride  of  calcium,  which  is  of  frequent  occnrreace  aa  a  natural  mineral,  cannot  be 
completely  deoompowd  by  thiii  proci^aa.  In  all  cases,  however,  complete  decomposition 
may  be  effected  by  fusing  the  fluori<le  with  a  mixture  ot  alkalinr  carbtmatf  and  silica : 
fluoride  of  calcium  thus  trcuted  yivlda  a  mixture  of  alkaline  fluoride  and  silicate,  with 
carbonate  and  silicate  of  calcium.  On  treating  the  fused  mass  with  water,  a  aolation 
ia  obtained  eootatning  a  fluoride  of  the  alkali-metal,  toother  with  carb<mate  and  a 
email  quantity  of  silicate.  The  silica  may  b?  predpitated  an  silicate  of  idnc,  by  adding 
to  the  alkaline  liquid  a  solution  of  zinc  in  ammonia ;  and  from  the  filtrat^^,  which  contains 
flaoride  and  carbonate  of  the  alkali-metal,  the  flaorine  may  be  precipitated  by  a  calcium* 
salt,  and  the  estimation  completed  in  the  manner  already  described. 

Eatirnatiun  offrte  Hi^drnjiioric  aeid  in  prtttnet  <if  Fluoridts.—la  eompoands  of 
meraliio  fluorides  with  bydrofluoric  acid,  the  nitiotint  of  the  hitter  may  often  be  esti- 
mated by  simple  calcination  in  a  platioum  crucible.  In  some  cas««,  however,  the 
residual  metallic  fliuoride  is  partly  decomposed  by  contact  with  the  air.  To  avoid 
the  source  of  error  thence  arising,  iJCTZelius  mixed  the  compound  with  six  times  its 
weight  of  oxide  of  lead,  and  calcined  the  whole  in  a  small  retort.  The  free  hydr<>- 
fluorie  acid  is  then  decomposed,  yielding  fluoride  of  lead  and  water,  which  escapes  and 
may  be  estimated  by  loss,  and  the  equiralent  quantity  of  hydrofluorie  aeid  thutee  de> 
tennined.  Another  portion  of  the  compound  is  decomposed  by  sulphuric  aeid  (p.  674) ; 
the  quantity  of  fluorine  existing  in  the  compound  as  metalUc  fluoride  is  determined 

im  tile  amount  of  sulphate  thus  obtaineil;  and  this,  addod  to  the  quantity  present 
'iooric  acid,  girca  the  total  quantity  of  fluorine  in  the  con*pouijd. 
the  eompound  likewise  contains  w^l^cr  of  ciystalLmation,  the  loss  of  weight 
si^nlting  &om  calcination  with  oxide  of  bad  represents  the  sum  of  this  water  of  crya« 
tallisation,  and  the  water  which  is  formed  by  oombinaCion  of  the  hydrogen  of  the 
hydroflooric  acid  with  the  oxygen  of  the  tcud-oxide.  The  total  quantity  of  flaorine 
originally  in  combination  with  the  metal,  may  then  be  determined  by  beating  the 
caldned  zesidoe  with  solphmric  acid ;  and  this  diminished  by  tlie  quantity  originally  in 
combination  with  the  metal,— which  msy  be  determined  by  heating  a  separate  portion 
of  the  original  substance  with  sulphuric  acid,  as  abOTS, — gives  the  quantity  present 
as  hydrofluoric  acid.  The  amount  of  water  eouivalent  to  this  latter  quantity  may 
then  be  calculated,  and  this  deducted  from  the  loss  of  weight  resulting  from  calcina- 
tion with  lead-oxide,  p^ires  the  amount  of  water  of  crystallisation. 

S.  Separation  of  Fluorine  from  other  elements. — 1.  From  Metals,  Flaorides 
soluble  in  water  or  in  adds  may,  in  many  Cases,  be  decomp««rd  by  precipitating  tha 
metal  as  sulphide  with  sulphydric  acid.  The  filtered  liquid  is  then  saturated  with 
carbonate  of  sodium,  and  the  fluorine  predpilated  by  chloride  of  calcium.  If  the 
Bolation  is  arid,  the  precipitation  of  the  metal  must,  hv  performed  in  a  pUtinum  vessel 
(since  free  hydrofluoric  acid  attacks  glass),  and  the  liquid  filtered  on  a  platinum  funnel ; 
or  the  solution  may  be  supersaturated  with  the  alkaline  carbonate ;  the  precipitate 
deeomposed,  without  prerious  filtration,  by  sulphuric  acid :  the  liquid  then  filtered, 
and  the  fluorine  pre<'.ipitat«d  by  chloride  of  calcium:  b}-  proceeding  in  this  manner,  the 
whole  process  may  be  performe*!  in  glass  vesseU. 

Compounds  of  fluorine  with  mfltal.<!  which  are  not  precipitated  by  sulphydric  aeid  aa 
sulphides,  viz.  tlie  fluorides  of  the  earth-metals,  cannot  l>e  decomposed  m  this  manner, 
but  TOUJit  be  treated  either  with  sulphurie  acid  (p.  67'l)>  or  by  fusion  with  carbonate  of 
sodium  and  silica. 
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From  Okromk  ceid. — When  a  iolatiion  contoioing  bydtoflaorie  and  ehremie  leUs  it 
treated  with  chloride  of  calciam,  a.  smali  ouantity  of  chromic  add  u  alvaTS  prfcipiuttd 
together  with  the  flnorido  of  calduio,  and  consequently  exhibits  &  grvea  ooloor  after 
CHlcinatioB,  the  cbromic  acid  haviDa  been  partly  reductd  to  Beaqmoxide  by  the  com- 
bastioD  of  the  filter.  To  a«pArat«  tim  snuiM  quantity  of  chromium,  the  calcined  pre- 
cipitate is  moistened  with  Hulphurie  acid,  which  decompofl«s  it  completelyt  and  the  d»- 
compowd  suuB  ia  heated  with  alcohol  dilated  with  half  iti)  balk  of  water,  aad 
the  nmltuig  mdphate  of  calcium  is  washed  with  alcohoL  The  filtered  aolatioQ,  which 
contains  all  the  chroniiatn  in  tbe  form  of  chromic  salphate,  in  treated  with  ammonia, 
which  precipitate*  the  chroniium  iit  the  form  of  eeaquioxide. 

The  liquid  Altered  from  the  original  precipitate  of  fluoride  of  calciam  cont«ia»  llie 
greater  part  of  the  chromium  in  the  form  of  chromat'e  of  calcium.  The  chromic  wsid 
IB  rednoed  to  seequioxide  by  means  of  hydrochloric  acid  and  snlphydric  acid  or 
alcohol,  and  the  chromium  precipitated  by  ammonia  from  the  flltrat«  as  iMwqtlifniila 
From  this  quantity,  addwi  to  the  email  quantity  previoasly  determine*!,  the  amooBtflf 
chromic  acid  or  metallic  chromium  in  the  compomid  may  be  found  by  calcniatina 

The  quantity  of  chromate  of  calcium  equivalent  to  the  sesquioxide  of  chroaim 
R*parat<?d  from  the  fluoride  of  calciam,  must  also  be  determined  ;  and  thia  dedneUd 
from  the  total  weight  of  the  calcined  precinitate,  givea  the  exact  quantity  of  the  flnoride 
of  calciam.     This  method  may  serve  for  tnc  analysis  of  fluoride  of  chromium  (L  946). 

For  the  sepomtioc  of  flaorine  from  Boron  see  i.  631. 

SfparatioH  of  Fluoride*  from  Pkotphatcs. — Flnoridea  frequently  occur  in  nature  ia 
eoigunction  with  phosphates,  as  in  apatite  and  in  bonea.  To  analyae  mch  •  ooa- 
pound,  it  is  first  heateo  with  sulpbtinc  aciti,  to  expel  the  fluorine ;  the  residue  digested 
with  alcohol  to  dissolvn  the  phoHphoric  acid  which  has  been  set  f^«e ;  the  qvai^i^  of 
that  acid  determined  by  precipitation  with  ammonia  and  salphate  of  nugnedam ;  and 
tbe  metaU,  now  remaining  in  the  form  of  sulphates,  determined  by  the  mual  method^ 
loBtlj,  the  total  weight  of  these  metals,  together  with  that  of  the  phosphoric  add,  or 
mther  of  tbeoorresponding  saltrrsdiele  (FO*,  if  the  phosphates  are  tribasic)  ia  dedndad 
Irom  the  original  weight  of  tbe  mineral;  and  the  difference  gives  the  qoantity  of  flnorisB^ 

For  the  separation  o^  fluorides  from  tilicates,  see  Silicon,  Estucatiom  of. 

Separation  of  tfliwridct  from  Sulphate*, — Some  fluorides  occur  in  nature  mizfd 
with  insoluble  sulphates ;  fluor-spar  with  Bulphnte  of  barium  for  example.  Such  a 
mixtaie  cannot  be  completely  decomposed,  either  by  hydpocJJoric  acid,  or  by  alkaliae 
earbonutes:  for  hydroohbric  acid,  besides  dinsolTrnp  a  small  quantity  of  the  auiphat^ 
leaves  a  portion  of  the  fluoride  of  calcium  mixed  with  the  andissolved  sulphate;  aad 
ftision  with  alkaline  carbonatcfl  decompoe«s  the  sulphate  of  barium  completely,  bat 
not  the  fluoride  of  cjilciam.  The  only  way  of  cffectmg  tbe  complete  decompontioil  ol 
such  a  mixture  is  to  fuse  it  with  a  mixture  of  alkaline  carbonate  and  silicm;  bettvitb 
six  times  its  weight  of  a  mixtuie  of  potaasie  and  aodie  carbonates  in  atomic  pfopoctioiu^ 
and  2  pts.  of  silica. 

The  fused  maaa  is  treated  with  water,  the  whole  evaporated  to  dryness  to  sepants 
the  ailicft  as  completely  aa  possible,  the  ulkiilino  liquid  then  supersaturated  with 
hydrochloric  acid,  and  precipitated  by  chloride  of  barium,  Sulpfiate  of  barium  is 
tliereby  precipitated  quite  free  from  fluorine;  this  determines  the  sulphuric  acid. 

To  determine  the  fluorine,  the  alkalino  li<juid  from  another  portion  must  be  sBper- 
saturated  with  nitric  acid,  the  sulphuric  acid  precipitated  by  nitrate  of  barium,  the 
flitrate  exactly  saturated  with  carbonate  of  sodium,  and  the  fluorine  precipitated  ai 
fluoride  of  barium  by  addition  of  alcohoL 

The  re«idue  insoluble  in  water  is  treated  with  hydrochloric  acid  ;  the  whole  is 
eraporftted  to  dryueea,  tbe  drii>d  masa  moistened  with  hydrochloric  acid,  and  boSed 
with  water  to  separate  silica,  and  the  baryta  and  lime  separated  in  the  filtrate  bj 
methods  already  grren  (i  717). 

Separation  of  Fluorine  from  CMorine. — In  neutral  soluble  compounds,  ddonos 
may  be  separated  from  fluorine  by  precipitation  with  nitrate  of  silver.  Tbe  aetm  dt 
■liver  is  then  separated  by  hydrochloric  acid,  the  filtrate  aatorated  with  carbonate  of 
■odium,  and  the  fluoride  precipitated  as  fluoride  of  caldom. 

Or  the  fluorine  may  bo  first  precipitated  by  nitrate  of  calcium,  and  the  chkaM 
Crom  the  filtrute  by  nitrate  of  silver.     This  is  the  easier  method  of  the  two. 

To  effect  the  separation  of  chlorine  and  fluorine  in  insoluble  compounds,  it  is  ia 
most  cases  necessary  to  decompoee  tbe  compound  with  &  mixture  of  alkaline  carbonate 
and  silica.  The  fased  mass  is  then  treated  with  water,  which  dissolve*  the  chlorid* 
and  fluoride  of  tbe  alkali-metal,  together  with  the  excess  of  the  alkaline  eatbooat^ 
and  a  small  quantity  of  silica.  The  residue  is  washed  with  water  containing  ear> 
bonate  of  ammonia,  and  the  alkaline  filtrate  w  exactly  neutralised  with  nitrie  acid 
to  separate  thi>  dissolved  silica,  the  liquid  again  filtered,  and  the  chlorine  and  fioonM 
■epuraU-d  as  above. 

Simllaf  methods  may  be  used  to  separate  fluorine  from  brotninc  and  wi 
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4,  Atomie  weight  of  Ftuorint,  —  BereeliuB  (Fogg.  Ann.  i.  T;  Lehrb. 
fl*  Anfl.  iii.  1196)  determined  the  Btomi«  weight  of  fluorine  by  converting  knowD 
weights  of  fluoride  of  calaiuin  into  milpluite,  by  diecompoaing  it  vith  pore  galphurie 
acid,  and  igntling  ajid  weighing  tiie  product, 

100  pt8.of  DiTbvshirx"  fluor-Bpar  gftvp,  when  thus  trcAted,  from  173'63  to  173*86  pt«. 
sulphate  of  calcium.  The  material  used  for  these  experimenta  was,  howerer,  alter- 
irards  foood  to  contain  ph<>i(pboric  acid  and  magnesia,  so  that  the  following  dctermi- 
nationi,  made  with  artiflciaUy  prepared  fluoride  of  calcium,  may  be  considered  more 
•ccuraCe.  1 OU  pt«.  of  the  latter  material  gave — 1749,  1760.  and  176*1,  on  the  avuagc 
1750  pta.  sulphate  of  calcium.  Taking  Ca  =  40,  S  =  32,  and  0  »  16,  theae  reaulta 
lead  to  the  niimlK>r  18'S6  for  the  atomic  weight  of  fluorine.  Benelios,  howeTer,  oon- 
■idjered  this  number  as  still  onJy  approximately  correct. 

Loayei  (Ann.  Ch.  PharnL  Ixz.  234),  on  repeating  the  det«rminab'on  in  the  same 
way,  got  nearly  simitar  resulta,  100  pta.  of  almost  colourlesa  Dsrbyshirii  flnor-spar 
^ve  him  fhim  173*5  to  179-6  pts.  sulphate  of  cafciumr  mean  17363  pts.  Artificial 
fluoride  of  calcium  gave  1T3'4,  173'5,  and  173*7  pts.  salphate  of  calcium.  The  meao 
of  the««  analyses  gives  19-2  as  the  atomic  weight  of  fluorine, 

Louyet  observed,  however,  that  the  eompk'te  decompo«itioa  of  fluor-spar  by  snl- 
phorie  acid,  took  place  only  with  great  difficultjr.  Finally,  he  saccecJed  in  effecting 
it  by  pulverising  the  fluor-spar  very  fliifly,  treuting  it  in  the  cold  with  coocentrated 
sulphuric  acid,  heating  the  mixture  when  the  spar  was  entirely  dissolved,  and  then 
strongly  igniting  the  rpsidue.  Six  e«iperiment»  made  in  this  way  gave  from  174-2  to 
174  3  pta.  sulphate  from  100  pta.  of  fluoride  of  calcium.  The  atomic  weight  of 
fluorine  henee  deduced  is  1 9*0.  Experiments  with  artificial  fluorides  of  calcium, 
bariam,  and  lead,  confirmed  this  result  (Handworterb.  2^*  Aufl.  ii.  |1]  486). 
Damas'  experiments  on  the  decomposition  of  native  fluoride  of  calcium,  and  of  the 
arUflcially  prepared  fluorides  of  potassium  and  sodium  by  sulphuiio  acid,  also  gave 
for  flaorine  the  number  19  (Ann.  L'h.  Pharm.  cxiii.  20). 

ritXrom-SFAK.  CaF*.  Fluor,  Fluorite.  Flwrid*  f>f  Calcium,  Flnnte  of 
Lime.  Bat/ifkitf.  Cifonfphane^  Situ  John.  Lipnrite.  Chaus  fixMtir.  Flu*9-tpath. 
Muria  pho*phora7u.—ThiB  mineral  erystallisea  in  simple  forma  of  the  monometric 
■ystem ;  via.  the  cube,  octahedroa,  rhombic  dedecahedron,  telrakis-bexahedron  30ao 
(like  Jiff.  484,  whicb  rnpresents  20ao ),  &«. ;  also  in  combinations  of  the  cube  and 


Fig.  484. 


Fig.  486. 


Fig.  487. 


/fv"     \f^ 


aOa» 


octahedron  (Jig».  486,  488.  487);  also  0  .  wO  (Jig.  488);  o^O*  .  »0  (Jig.  489); 
odO»  .  20*2  ijg.  490) ;  asOoo  .  30w  (Jiff.  491>  and  «0»  .  204  (fig,  492). 
Twiu-crystola  occur  formed  by  tiie  intersection  of  two  e^ual  cubes  (Jig.  493),  havbg 


colonrad,  exhibiting  rerj  pore  and  brifbt  tints  of  yellow,  green,  bine,  and  red.  of  tbi 
moet  various  shades.  These  colours  Jo  not  arise  from  tne  presenop  of  mioflnl  ptt* 
mcnts,  for  tl-.ey  nearly  all  disappear  when  the  niineral  is  heated  to  redneaa.  On  m 
other  bimd,  it  in  by  no  meanB  probable  that  thej  arc  due  to  the  presence  of  cepsit 
matter;  they  appear  nitlier  to  depend  upon  the  molecnlor  stmeture  of  the  nunamt  Vid 
to  W  coBneeted  with  its  property  of  eihihiting  phosphorescence  when  b«at»d  (Haadw. 
d.  Cbem.  iii.  171).  Streak  white.  Brittle.  Fracture  of  fine  nuauTe  rariatiM^flit 
conchoTdal,  and  spUiitery, 

Nearly  all  varieties  of  fluor-spar,  cflpeciallT  in  the  state  of  powder,  irhea  bmted  to  t 
temperature  somewhat  below  redneM,  exhibit  viTid  phosphoreaeence,  the  l^t  pmitttd 
being  of  rarious  eolours,  usd  independent  of  the  external  coloor.  Thia  cflect  miT  be 
produced  seteml  times  successively  with  the  sdrne  specimen  of  fluor-spar,  provided  tba 
temperature  be  not  ra\»c»d  ab\»^ft  b  cexV&vcv  \ua\t  -,  bat  above  thia  limit  the  mincnl  oon* 
plelc'ly  loses  iU  phoS^lvONacBO-t  v>^"^>  «oaL"^<5m^  \i«r«»«%  viNssroAm^*  caiaMma 
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Irhlch  Bwran  to  indicate  that  the  oomlitions  which  produce  th»  colour  Aud  the  pliOB- 
;|>hoK»cence  are  the  name,  or  at  least  closely  PfUt«d.  The  phoaphofMri^tit  power 
Vbiob  has  boen  lost  by  expostue  to  a  high  temperatare,  m&y  be  partjally  rect«r«d  by 
fen  »Iectni!  di8<?hjicige. 

'  Before  the  blowpipe,  fluor-Rpar  d«Tppit*te»  add  altimately  melt*  to  an  etmmeL  1/ 
the  flame  be  continunl,  ihe  fluorine  is  piiiily  oxpdjed,  uidl  the  »pecLiDen  BwonMS  m 
4»nlillo«er-like  appearance.  Kiuily  decompotied  by  heating  witli  vtrong  miJIphorio 
add  (p.  669). 

5  Pure  fluor-Bpar  contains  48-7  per  cent,  flaorine  and  6 1  "3  calciam.  The  minprul 
generally,  however,  contaiD«  mnall  iqnantiticA  of  phosphate  of  ealdom,  and  sometimes 
■alphate  of  barium.  BenoUus  found  0'6  per  cent  phoaphute  of  calciam  in  the  fluor- 
»par  of  Derbyshire.  KerslPD,  in  a  flnor-ipar  from  Manenberg  and  Freiberg,  detected 
a  Btuall  qEautity  of  chlorine.  The  blno  granular  or  earthy  variety  called  Ratofllcite, 
from  Ratoffka  in  Ruwia,  ia  mixed  with  clay. 

Fluor-ppar  ia  a  mineral  of  very  frequent  occurrence,  efpeeiaUy  in  assoeiution  with 
inetallifi.'rou9  veins ;  aa  with  nllver,  copper,  tin,  lead,  and  cobalt  ores.  It  tionietiine«i 
occurs  as  an  uneMential  constituent  of  certain  rodu,  especially  of  ume  yarieties  of 
^|railit«  and  porphyry,  and  most  frequently  where  these  rodu  border  on  othpni.  It 
Jloccurs,  however,  also  in  distinct  veins,  as  in  the  neighbourhood  of  Freiberg  and  in  the 
iHan.  In  the  latter  district,  near  Stoll>erg,  there  i<i  a  very  entensive  vein  of  compact 
JBoor^spar,  which  has  for  years  supplied  the  Maiisfeld  copper  works  with  the  fluoride  of 
jyflniiim  which  they  require  as  a  flux. 

\  In  Aa  North  of  Engknd,  fluor-spar  forms  the  gangue  of  the  lead-veins  which  inters 
^ecttbe  coal-formations  of  Northumberland,  Cumberland,  I>urhani,  and  Yorkshire  ;  the 
Cumberland  fluor,  especially  the  green  variety,  often  contains  drops  of  liquid.  It  is 
abundant  in  Derbyshire,  and  also  in  ComwHlt,  where  the  veins  intersect  much  oldec 
tockB.    Professor  Rogers  has  deteeted  it  in  eannel  coal. 

Fluor-spar  is  also  found  abundantly  in  many  parts  of  North  America.-  A  remarkabls 

Ktj,  DOW  exhausted,  was  disi-overed  on  tlie  borders  of  Muscaloogo  Lake,  in  Jefler- 
Bonty,  New  York,  whore  cubical  crvstahi,  some  of  them  more  than  a  foot  through, 
_  lAving  a  grcenivh  tinge,  were  found  in  granular  limestone.    Cktoropkane  fbmi»  two 

reins  in  gneiss  about  18  inahes  wide  in  the  town  of  Trumbull,  Connecticut,  together 
with  topaz  and  magnetic  pyrites. 

Fluor-spar  is  much  used  *B  a  soorce  of  hydrofluoric  acid  (ii.  669),  and  u  •  flux  in  me- 
tallurgic  opemtioas,  for  iostanoe,  in  Deville's  method  of  preparing  alnminitini  (i.  160), 
Alttred  /ortnt. — Fluor-spar  is  slightly  soluble  in  water  containing  add  earlx>mite  of 
ealcittm.  The  alkaline  carbonatCH  defompose  it,  producing  carbonate  of  enK'ium  or 
ealcspar,  and  a  sulxiequrtit  ohnngc  of  the  cttlctipar  m^y  produce  other  pseuiiomcrrphB. 
Fluor-spar  occurs  chaii^'txl  to  quarts  by  Fubstitration,  aliUj  to  limonite,  hematite,  litho- 
inarge.  psilomelane,  calamine,  gmithsonito.  and  cera-site.     (Dans,  ii.  96.) 

rXiirOSZ&ZCAWZIiZSS.    A  pnxluct  of  the  deoompoeition  of  phenylamine  by 
fluoride  of  silicon.     (See  Phkntlaminb,  Bscompositioks.) 
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See  Flcowobs,  abo  Siuooir,  TurtkLxm,  and  Tita- 

NICM. 


WttUXt  A  general  term  for  any  substance  or  niztvre  addfd  to  attdst  the  fiuioD  of 
lalaerals.  In  the  Inrge  way,  ltme«toae  and  fluor-spar  an  ued  aa  flnxea.  The  fluxes 
•nd  in  assays  or  blowpipe  experiments  consist  osoaHy  of  alkalis,  which  render  the 
aarthy  mixtures  fusible  hy  converting  them  into  glass,  or  else  gloHe  itself  in  powder. 

Alkaline  fluxes  are  either  the  crud*  fliix,  the  white  flux,  or  the  black  flux.  Crude 
flux  if  a  mixture  of  nitre  and  tartar,  which  is  put  into  the  crucible  with  the  mineral 
int»"nded  to  b«  f^ised.  The  detonation  of  tlie  nitre  with  the  inflammable  matter  of  the 
tartar  is  of  service  in  some  operations,  thouph  genenilly  it  is  attended  with  iacon- 
Tenience,  on  account  of  the  swelling  of  tlie  materials,  which  may  throw  them  out  of  the 
ireesel,  if  proper  cure  be  not  taken  either  to  throw  in  only  a  little  of  the  mixture  at  a 
time,  or  to  provide  a  laree  viMael. 

White  flux  is  formed  b^  projecting  equal  parts  of  a  mizttue  of  nitre  and  tartar,  by 
moderate  portions  at  a  time,  into  an  ignited  crucible.  The  mass  thus  obtained  ia 
srhite.  because,  in  this  proportion,  the  oxygen  of  the  nitre  is  more  than  sufficient  for 
the  ct>mbn«tion  of  the  carbon  in  the  tartar;  but  for  that  very  reason  the  residue  con- 
tains a  codsid*  rable  quantity  of  nitrite  of  potassium,  and  likewise  eomo  nitrate. 

Black  flux  differs  from  the  preceding  in  the  proportion  of  its  ingredients.  In  this, 
file  weight  of  the  tartar  is  double  that  of  the  nitre ;  on  whieh  account  the  cotnbnction 
is  incomplete,  and  a  eoiisidfmljle  jwrtion  of  the  tartaric  acid  is  dpcomposed  by  the 
inare  heat,  iind  ieavea  a  quantity  of  coal  behind,  on  which  the  bkck  colour  dep enda. 
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It  is  used  w1ier«  metallic  ana  are  iatended  to  be  r«dtioed,  and  eSectM  thii  pnrpoM  by 
combining  vith  the  oxjgen  of  tho  oxide. 

MotTfaa's  reducing  flux  ia  made  of  cielit  parts  of  pnlreriwid  glarn,  on«  of  caldoMl 
borax,  and  h^  a  part  of  cbarcod  powder.  Care  most  be  taken  to  oae  a  ^Mm  vfaieh 
contains  no  lead.  The  white  ^laasee  contain  in  general  a  latge  proportion,  and  the 
green  bottle  g^aaaea  are  not  entirely  free  from  it 

Cyanide  of  potaasium  is  moch  uaod  aa  a  fusing  and  redndng  agent ;  when  ignited 
with  metallic  oxidee,  it  is  converted  into  cyanate  of  potaasiam,  reducing  tome  oxide% 
as  oxide  of  lead,  to  the  metAlUc  state  ;  others,  aa  peroxide  of  manganeae^  to  a  lovrr 
degree  of  oxidation  (eee  BLOWTTFa). 

TItT'TOynWM,  This  term  is  applied  to  various  preparationa  of  anenie^  ved 
for  poisoning  flies.     (See  Urea  IHctionary  of  Arit,  ^c,  ii,  280.) 

FOBDXK.  The  follovring  analysea  of  the  ash  of  Tarions  fodder-plaota  have  beea 
made  by  Way  and  Ogftton  (Boy.  Agr.  Soc  J.  xi.  [2]  636;  Jahreeber.  L  Chm, 
1850,  No.  76—84  of  Table  D,  p.  661), 

Aah  of  Fodder-plants. 
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Od  the  niitritiTe  value  of  fodder,  see  the  article  NuTBrnox ;  ahw  the  folbwing 
toemoira  (arranged  chronologically). 

On  the  effect  of  Salt  added  to  Fodder  (Bonesingault,  Ann-  Ch.  Phya.r8]xi. 
113:  xxii  116,  603;  Jahreeber  f,  Chem.  1847-8,  p.  1101). 

DiSbrence  between  the  action  of  Moiat  and  Dry  Fodder  (E.  Oppermano,  Aiin.CL 
Phji.  [3J  xii.  240:  Jahreaber.  1847-8.  p.  1102). 

Nutritive  valuo  of  Fodder  proportional  to  its  amount  of  Nitrogen  (Hennebers, 
Ann.  Ch,  PhArm.  Ixii.  336;  Jalireaber  .  1849,  p.  627.— Lassaigne,  Compt  i«ji 
xxix.  527;  Jahreeber,  1849,  p.  427).— On  the  contrary  (Volcker,  Chem.  Ga*.  Ih&O, 
p.  337;  JahPMber.  1860,  p.  668). 

Relation  between  the  Composition  of  Fodder  and  the  Respiration  and  Nutrition  ef 
anitnaJ8(Lawe8  and  Gilbert,  Report*  of  British  Association,  1862;  Jahreaber.  1863, 
p.  759). 

Nurritive  value  of  Luccm,  Mulberry -leaves,  and  Marc  of  Grapee,  aa  fodder  tor  ■beep 
(Mares,  Rev.  scinnt  [4]  i.  117  ;  Jahre8b4'r.  1862,  p.  817). 

Feeding  of  Merino  aheep  (Wolff  and  Biihr,  Pharm.  Centr.  1862,  p.  694 ;  Jahreeber, 
1862,  p.  818).  ^ 

NutritiTe  Take  of  various  kinds  of  Fodder  (An  derson,  Journal  of  Agriculture,  Na 
39,  Jan,  1863,  p.  346.)  6  =• 

Composition  and  naJrifive  value  of  Fodder  (Volcker,  Highland  Agric.  Soc  J.  Juir, 
l6o3,  p.  36.— Way,  Roy.  Agr.  Soc.  J.  1863,  p.  661 ;  Jahresbcr.  1853,  p.  769), 
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KntritiTe  value  of  H<n»-«ake  (Wolff,  Pharro.  Centr.  1853,  p.  697). 

On  the  Feeding  of  Hninula  and  Mpcdally  on  tb«  ftflfect  of  {HirticnljLr  kinds  of  fbddw 
oa  Pigs  (Lawes,  Roy.  A^.  Soc  J.  xiv.  [2]). 

GoinpKriaoa  between  Sugar  and  Starch  as  uigredic^nts  of  the  Food  of  ammalB  (Lawei 
Md  Gilbertv  Chcm.  Guz.  1854.  p-  306  ;  JabreeUr.  1854,  p.  7871 

Compoaition  and  nutritive  value  of  the  Wasto  derivrd  from  the  grinding  of  Peai^ 
Barley,  Rice,  Gate,  &«.  (Anderson,  Highland  Agr.  Soc.  J.  new  aeriu,  xliii.  197), 

Nntritive  value  of  variona  kinds  of  Fodder,  and  determination  of  the  qoantitiefl  of 
Water  and  Nitrogen  contained  in  them  (Pierre,  Compt.  read.  xL  658 ;  xlL  47,  138, 
066;  JahrfiWr.  1866,  p.  888). 

Composition  of  Oil-cake  from  vanoiu  aoureea  (Anderson,  Highland  Agr.  Soc.  J. 
1856,  No.  48,  p,  662 ;  No.  49,  p.  632). 

Nutritire  value  of  various  waste  products,  especially  of  the  Reaidues  from  the  dijittl- 
hition  of  Spirit  from  Grain  and  Potatoes,  and  of  Brewers'  waste  (Bittbanaen,  J.  pr. 
Chem.  W.  289). 

Ash  of  Barley-malt,  Wino-loes,  and  Malt-grerms  (Scheven,  ibid,  316). 

Nntritive  vaJue  of  Elm-,  Vine-,  and  Poplar-leaves  (Pierre,  Ann.  Ch,  Phys.  [3] 
xlviii  179). 

Amount  of  nutritive  matter  ia  Mangold-wurael  and  its  reUtion  to  the  spedfie 
gravity  (Anderson,  Highland  Agr.  Soc  J.  1866,  No.  51,  p.  174 ;  Chem.  Centr.  1866, 
p.  226). — Gn  the  constituents  of  Cabbage-heads  at  various  stages  of  their  development 
(Anderson,  ifnd.  No.  61.  p.  196  ;  C3hem.  Centr.  1866,  p.  232). 

Redaction  of  the  nutritive  value  of  various  kinds  <k  Fodder  to  that  of  Hay  aa  a 
standard  (Kortier,  Chem.  Centr.  1866,  p.  843). 

Composition  of  Carrots  (Ritthaosen,  Chem.  Centr  1867,  p.  14Tt. 

Composition  of  St  John's  bread,  Artoearpu* ineisa  (Volckor,  Zeitschr.  d.  deutschen 
Xandwirthe.  1866,  p.  18;  Chem.  Cectr.  1867,  p.  86). 

On  Buckwheat  (Pierre,  Compt.  rend.  xlviL  710). 

Composition  of  Cotton-seed  cake  (Anderson,  Highland  Agr.  Soc.  J.  new  series.  No. 
*),  p.  287  :  Chem.  Centr.  1868,  p.  327). 

Compoaition  of  the  Kneka  of  Rape-seed  (J.  Lehmaon,  Highland  Agr.  Soc.  J.  now 
Mri«a,  No.  69,  p  196 ;  Chem.  Centr.  1868,  p.  328). 

DetCRninatioD  of  the  amount  of  Nitrogen,  and  thence  of  Albuminous  matters,  in 
Acorns,  Horae-chestnuta,  Buckwheat  flour  and  husks  (G.  J.  Mulder,  Scbeik.  Onder* 
aoek,  L  No.  2,  p.  73 ;  Chem.  Centr.  1868.  p  717). 

Examination  of  Ajtificial  Foddera  (Lawea,  Roy.  Agr.  Soc.  J.  xix.  pt.  1), 

Digestibility  of  Earthy  Phosphates,  when  added  in  the  finely  poJverised  state  to 
Fodder  (J.  Lehmanti,  Ann.  Ch.  Pharm.  cviiL  267:  B^p.  Chim.  app.  L  26SX 

TOXiXATES  TSUiumrirM.   Sm  NjkOTAorrx. 

rOO]>.      ScO  NuTHITIOif. 

fCHO 
rosaCAJiKZSA.     CH>N0-NJ    H  .— BiKOvered    in   1863    by  Hofmann 

I  H 
(Chen.  Soc.  J.  stL  72)^  Prepared  hj  heating  formate  of  ethyl  saturated  with  dry 
ammonia  to  \(i(P  C.  for  two  days  in  sealed  tubes;,  then  distilling,  and  ooUecting  apart 
that  which  passe*  oviT  at  196°  C.  It  is  a  transparent  oolondess  liquid,  which  aoea 
not  exhibit  any  tcndennf  t-o  crystaUise,  even  when  kept  for  Bovera!  weeks  o\eT  oil  of 
vitriol.  Under  the  ordinary  pressure,  it  boils  between  192°  and  196®  C,  but  is 
resolved  at  th«  same  time  into  carbonic  oxide  and  ammonia:  CH"NO  —  CO  -♦■  NH*. 
In  a  partial  vacuum,  which  lowers  the  boiling  point  to  140°,  it  may  be  distiUed  with- 
out the  slightest  decomposition.  By  the  action  <xf  adds  or  of  alkali*,  it  is  resolved  into 
ammonia  and  formic  ncid.  By  distillation  with  pho^koric  anhi/dride,  it  ia  converted 
into  hydrocyanic  add. 

(CHO 
srapbtlirironiiamlde.    G^'H'NO  «  N  ]  C^'H'.    (Zinin,  Aiin.Ch.Pharm.cviii 

I    H 
228.)— Piodaocd,  together  witii  dinapbtJiyloxamide,  by  the  action  of  heat  on  neutral  oc 
acid  oxalate  of  napbthylamine : 

r(co«r 

2C*H^.C'H«0»        -  2H*0         +  N»J(C"H')' 

Xeuirtl  oxalate  of  (       H' 

aaphlhiltmllM.  Dlnapbthylo»«iaUle. 

{C**W  fCHO 

-     ffO  +  C0»  +     N      H        ♦     nJc»«H' 
I    H  I   H 

KaphlbyUnnJne. 


fori 


Wapbthyl- 
ttrnMiDMe* 
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9(0«H»N.C*H»0»)  « 
Acid  oxkUtc  ofnaphUif  I- 


3H*0    +  CO  ♦ 


oxjiiUde. 


fC'*H» 
-  ZH'O  +  CO  +  2C0'  +    nI    H 
I   H 

arolao. 


,'CHO 
•HI 


Nsphthrt- 
formsaiule 


The  add  salt  is  the  mora  adTanta^ofl  of  the  two  for  the  preparation  of  aaphtbvt- 
fcirmaniide,  ss  it  yields  this  product  jn  larger  proportion.  It  melts  at  about  'ioa-  C. 
gintig  off  carbonic  oxide  and  carbonic  anhydride,  together  with  a  larj^e  quantity  of 
wHter,  and  leaves  a  residue  amounting  to  iwo-thirds  of  the  salt,  which  solidifies  t^^^^ 
ntdio-crystalh'ne  mass  on  cooling.  Hot  alcohol  dinsolves  oat  the  DaphthjlfonaiiBii^^^| 
ii'ttving  the  diaapbthyloxamide,  and  on  cooling  depoaita  it  ia  loni^  white  n-^-H  ■-  TTi^^^ 
compoand  is  Tory  soluble  in  water,  tuma  red  when  expoMd  to  damp  air,  m  '\ 

antl  di«tila  without  dooonifMwition.    By  the  action  of  a<?frf»  or  tUktdis  at  di  r, 

it  ia  Maily  reaolved  into  zukphlhylamiue  and  formic  acid. 

fCHO 

Vbenjlformunide.   FormaniUde.   CWSO  ~  Kj  C*H*.  (Oerhurdt,  J.Tli 

[3]  ix.  4ft!) ;  Traiti,  i.  237). — Pwparod  by  heating  oxakte  of  phenylamine,  Ihcdeci 
pnaition  l«*"ing  precisely  analogooK  to  that  of  oxalate  of  naphtbylamine.     The  re:" 
1^  cxhiiUi>Ted  with  erold  alcohol ;  the  solution  heated  till  the  p^reater  part  of  tlif  ali 
in  drtTcn   Off,  then  boiled  with  water,  and  the  eolutioQ  filtered  to  separate  a  mnll 
quantity  of  red  or  brown  matter.     Thf  filtmte,  if  further  evaporated  by  beat,  depo»iti 
the  phenyl-formamidc  in  oilv  drops  which  do  not  Bolidifj;  but  if  the  h«ttting  be  di«- 
ctintinued  as  soon  as  the  oily  drops  begia  to  aeparate,  and  tb«  Boltttion  tb^  left  to 
fvuporato  "pfjutant-ously.  the  amide  is  gradually  deposited  in  very  flattened,  annaii 
rectangular  prisms,  usually  very  long  and  interlaced. 

rhenylforttiuniidei  is  raoderatfly  soluble  in  cold,  mora  freely  in  hot  water,  itiU 
iti  alcohol ;  the  aqueous  Holutioii  is  slightly  bitter  and  neutral  to  test  piiper.  Ia  fhe 
«lry  statu  it  mflta  at  ilT^C.,  utid  may  tlu'n  bo  c&olwl  several  degreea  b«Iow  tHij 
limperature  without  solidifving,  but  if  agitat«?d  with  a  gla^s  rod,  it  solidifies  immedi- 
ately. Under  water  it  rnclt*  more  easily  and  remains  liqnid  aft«r  cooling.  It  Hfc^ 
wise  retains  ita  fluidity  after  being  diatiUeil.  It  b<'gias  to  give  off  vapours,  traz  at 
the  heat  of  the  water-bath.  Acid»  and  aJkaJin  decompose  it  slowly  in  the  cold,  mors 
quickly  at  the  boiling  heat,  into  formic  acid  and  pbenylamine.  When  heat^  with 
strong  sulphuric  acid^  it  givea  off  carbonic  oxide  witnoat  blackening,  and  ia  eoatwCid 
ijito  phenyUsidjihuric  acid. 

JPO&MANXXXDB.    See  the  last  article. 

rOKMESTAIICXXrE.  The  name  given  by  does  to  the  flrat  of  the  three  !mm 
which  he  obtained  by  the  action  of  ammonia  on  dibromide  of  etlijlene.  (Ses 
ETHTLBKB-Baass,  iL  £8o.) 

rOKlinsivs,  tsxitITSATBD.    »yn.  with  Nrr&OFORM  {q.  tr.) 
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cnt)^ 


CHOj 


0. 


n  ^  w.     Acidum  formiatm,      AmemmaStn. 

(Gm.  til  268;  Gerh.  I  255 ;  Hundw.  d.  Chem.  2  Aufl.  L  668.) — This  add,  wfaieb  M 
the  first  term  of  the  adipic  series  C*H'*0',  derives  ite  name  firom  the  anC  {/ormic*\ 
from  which  it  was  first  obtained.  The  acid  nature  of  these  insecte  haa  long  be«u 
known.  Samael  Fischer  first  snbjected  them  to  distillation,  and  obtained  an  idd 
liquid ;  Marggraf,  Arvidson  and  Ochrn,  Uermbstadt,  and  Richter  ftxamiiied  the  add 
more  minutely.  Fourcroy  and  Vauquolin  pronoonced  it  to  be  a  mixture  of  apptic 
and  malic  adds,  aBtatement  which  waa  alVerwards  completely  refuted  by  Siiersen  sad 
Ciehleii.  Beraelius,  Gcibel,  Diibereiner,  Ltebig,  and  Pelouze  examined  the  most  im- 
portant relations  of  formic  acid.  Its  fbrmatioii  from  inorganic  materials  wu 
effwtcd  by  Bert  helot. 

Occumnc/: — 1.  In  tht  anvnal  l-inffd^nn.  In  ants,  eejxvially  the  red  ant  (Abr 
nr/a),  these  insects  projecting  it  from  their  bodies  as  a  defence  agstnafc  their  enemied. 
According  to  Fr.  Will  (Jahresber.  f.  Chem.  1847-8,  p.  548),  the  corroaive  tabsUiwe 
in  caterpillars,  especially  in  Bfrmhi/x processionea,  likewise  consista  of  ibrmie  add.  It 
exists  in  the  free  concentrated  state  in  all  parts  of  the  caterpillar,  bat  esp^daUy  in  the 
faeces,  in  the  yellowish  green  jtiice  which  exudes  on  making  an  iociaion  into  the  ia- 
sect,  and  lastly,  iu  the  hollow,  very  brittle  hairs.  The  acid  oocurs  also  in  serenJ 
pccretioat  of  the  human  body,  tie.  in  the  blood,  in  the  urine  (Campbell,  Chem. 
Qaz.  1S58,  p,  SIO),  in  the  fluid  of  the  spleen,  in  the  flesh  jtiice  (Scbeer^r,  Ana.  ClL 
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I 
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Fiiarm.  Ixix.  196),  and  io  the  pcrHpiratioD  (Schottlo,  Jahreab«r.  f.  Chem.  1852, 
ft.  7i>4).  Small  qoontitiQS  of  It  haT«  been  fotuid  in  ^mmo  (Lacius.  Ann.  Ch.  Phanru 
uiii.  106). 

2.  In  the  vfffriabU  JHn^dom,  partly  perhaps  aa  a  product  of  dcoompo«ition.  It  is 
found  in  commercial  oU  of  tarpeutine,  whence  it  may  be  extracted  by  agitation  vith 
^ater  (Wiggers,  Ajiq.  Ch.  Paarm.  zsxiv.  236);  being  doubtless  formed  by  oxidatioa 
in  the  air ;  it  imparts  an  acid  reaction  to  the  oil,  and  pasaea  nvBt  aa  an  aqneous  acid 
when  the  oil  is  diotiUed  with  water  (Weppeo,  Ann.  CL  Fbann.  zU.  294).  Wlirn 
oil  of  torpentine  is  kent  in  leaden  Tessfla,  ciystals  of  formate  of  lead  are  sometimea 
produced  (Laarent,  J.  nr.  Chcm.  xxrii.  316").  Fr.  MiiJler  (Arch.  Fharm.  [21  149) 
states,  though  not  positirdy,  that  formic  add  is  sometimes  produced  in  a  sunilar 
manner  from  oil  of  lemons.  It  oocore  in  the  needles  of  Pinu*  Abiea,  aomrwbat  mora 
abundantly  in  those  which  fall  oW,  than  in  those  which  are  dried  while  fresh  arid 
green  (Aschoff;  N.  Br.  Arch.  xL  274),  beinff  probably  formed  tfcereiii  W  oxidation 
M  oil  ^  turpentine.  In  pine-noedles,  which  oad  been  used  for  Utter,  and  had  stood 
for  several  months  made  up  into  a  heap  and  exposed  to  the  sir,  the  acid  was  formed 
so  abundantly  that  on  opening  the  heap  a  rerr  sour  smell  of  ants  was  emitted 
(Redtenbacher,  Aon.  Ck.  Fborm.  zlriL  148).  The  juice  of  honseleek  (Semperffivuiii 
UeUHntm\  when  distilled,  yidds  an  acid  which  reduces  the  noble  metals  lixe  fbrmic 
acid,  but  forms  with  morcorous  nitrate  a  white  predpitate,  from  which  the  metal  is 
not  reduced  till  the  mixture  is  heated  (Dobereiner,  8cbw.  J.  liiii.  368).  According 
to  Gorup-Besancs  (Ann.  Ch.  Pharm.  lxix.369).  the  fiuit  of  the  soap-tree  (&ipiadrus 
taponaria)  distilled  with  water  and  nulphuric  acid  yields  a  distillate  containing  formic 
and  butyric  adds.  Tamarinds  similarly  treated  yield  formic  and  acetic  acids,  and 
emit  an  odour  of  butyric  acid.  Oorup-mcaaes  considers  it  not  improbable  that  these 
aoids  may  be  formed  by  oxidation  from  the  tartaric  acid  originally  contained  in  the 
fruiK  Formic  add  is  also  found  in  the  juice  of  the  stinging  nettle.  (Oorup- 
Ilesjinea.  Ann.  Cfa.  Pharm,  bdi.  267.) 

3.  In  mineral  v^>atfr9.—lu  the  water  of  Prinshofen,  near  Straobiag  (Pettrnkofer, 
Kiistn.  Arch.  vii.  104) ;  in  that  of  Briickaiuui,  togeiberwith  acetic,  pcopionic,  and  butyric 
nciis,  the  formic  acid  constituting  85  per  cent.,  of  the  stttire  amount  of  ToLitile  fatty 
m>ids  (Scheerer,  Ann.  Ch.  Phorm.  scix.  257X  ^^^  ^  ^^  deposit  from  the  waters  of 
^Indenbad.     (Lehmann.) 

Formation. — a.  From  Inorganic  matfrials. — 1.  By  the  action  of  carbonic  oxide  at  a 
high  temperature  on  moist  hydrate  of  potaasium,  the  bodifa  simply  uniting  and  yield- 
ing formate  of  potassium  (Berthelot,  Ann.  Ch.  Pharm.  xeriL  12A): 

CO  +  KHO  -  CHKO*. 

The  absorption  of  the  gas  and  pro<luction  of  formic  acid  tnko  place  more  quickly 
when  a  considerable  quantity  of  water  is  pre«>nt,  than  when  tl>e  potash  is  merely 
moistened ;  ak>ohol  and  wood-spirit  accelerate  it  still  farther,  and  ether  most  of  all ; 
glycerin,  on  account  of  its  Tiscidity,  has  but  little  effect,  and  acetic  ether  none  at  all ;  in 
short,  the  effect  of  any  liquid  in  accelerating  the  action  appears  to  be  proportional  to  its 
power  of  dissolving  the  carbonic  oxide.  Similar  results  are  obtained  when  canstic  twxla, 
Daryta,  or  lime  is  used  in  place  of  potash.  (Berthcio  t,  Ann.  Ch.  Phys.  [3]  Ixi.  463.) 
2.  Potassium  spread  on  the  inner  surface  of  a  Tcssel  filled  with  carbonic  anhydride, 
and  standing  over  lukewarm  water,  is  conTerted  in  24  hours  into  a  mixture  of  for- 
mate and  add  catbonato  of  potasdum  (Kolbe  and  K.  Schmidt,  Ajiq.  Ch.  Pharm. 
czix.  251): 

K»  +  2C0»  +  HH)  -  CHKO»  +  CHKO». 

A.  From  Organic  materia^g,  chiefly  by  oxidation,  formic  acid  being,  with  the  excep- 
tion of  oxalic  add  and  carbonic  auhydride,  the  most  highly  oxidised  of  all  carbon* 
eompoQnde. 

1.  In  the  oxidation  of  wood-spirit  by  the  air  in  presence  of  platinum,  or  by  nitric 
add  (Dumas  and  Peligot).— 2.  By  heating  wood-spirit  with  a  mixture  of  lime  snd 
hydrate  of  ixjtnssium  (Dumas  and  Stas). — 3.  In  the  decomposition  of  chloroform, 
broraoform,  or  iodoform,  by  potash. — 4.  In  the  decomposition  of  hydrocyanic  add  by 


quantity  of  formic  add  obtained  is  very  small,  but  it  is  greatly  increased  by  distiUing 
thi  oxidicacid  with  glycirin  or  m-innite  (II ert helot,  p.  684).— 6.  By  the  combus- 
ti  .n  of  alcohol  or  etlur  in  the  glow  lump  (A.  Conncll,  Phil  Mag.  [3]  xi.  512).— 
7.  In  the  preparation  of  iodoform  from  alcohr.1,  io«bne,  and  potassium  (Bou  chardatV.— 
8  By  the  SL-tion  of  tlit-  iiir  on  an  nlcnholic  nohifion  of  pf^lash  (A.  Connell,  N.Ed. 
Piil.'.J.  xiT.  2311.-  JK  By  htntine  fllrt>bol  with  nitric  acid  (Gaultier  de  Claubry, 
J.  Pharm.  xxv.  701 ;  Dali-iaz,  J.  Pliurui.  m  v.  239).— 10.  In  the  decompositiuo  of 
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flhlonl  or  bromal  by  (u^nMnR  potash  (Lie big).— 11.  By  boilii:.g  chioraeetic  mdi  witl 
excess  of  potash  (Dumas).  — 12.  By  b«ating  gpUtin  with  aqueous  chnnnio  ariil 
(Schlieper,  Ann.  CL  Phiinn.  lix.  1). — 13.  By  exposing  oil  of  turpentina  to  the  »ir. 
or  heating  it  with  sqiieooii  chromic  &cid  (Weppcn,  Ann.  Ch.  Phann.  xlL  294).— 
14.  By  distilling  aqueooii  tartaric  uoid  with  peroxide  of  mangKnese  (Dobereiner. 
Gilb.  Ann.  Ixxx,  107). — 16.  By  distilling  th4>  following  substances  with  peradde  ot 
Biangiui«>ae  and  dilute  solphurit.*  acid :  tartaric  acid  or  cane-Bugar  (Dobereiner,  Aml 
Ch.  Pliarin.  iii.  144) ;  starch  (Wohler,  Pogg.  Ann.  tv.  307)  ;  mado  add,  milk-n^, 
Htarch,  woody  fibre,  n]{u%h>mBnow  root,  fibrin  (C.  0.  Omelin,  ibid.  xri.  55) ;  aloobol 
(C.  G.  Gmolin  ;  Conn  ell,  N.  Ed.  PlbiL  J.  xiv.  240 ;  L.  Gmelin,  Pogg.  Ann.  xxriii 
A08);  Bubcric  acid  (Brandos,  N,  Br.  Arch.  sxi.  319} )  glucose,  which  likf>wi«e yirids 
formic  acid  when  ti«a(ed  with  sulphuric  acid  and  chromic  add  or  ferric  oxide 
(H  unefeld,  J.  pr.  Chem.  rii.  44)  •.—albumin,  fibrin,  casein,  and  gelatin,  which  liJuwM* 
yield  formic  acia  with  acid  chromate  of  cotajuriuin  aod  sulpboric  add:  in  both  rurillw 
formic  acid  is  accompanied  by  other  adoa  of  the  aeries  C'H**0',  and  »  variety  of  othop 
prodQct8(Guck6lberger,Ann.  Ch- Phann.  Ixir.  39;  Jshresber.  1847-8,  pp.  847-854). 
Whan  soma  of  these  compounds — starch,  for  example — are  thus  treated,  tnerv  iii  ginv 
off;  together  with  the  formic  acid,  a  etmnjj  smelling  volatile  oil  (furfarol),  which,  ^thi 
distillate  be  saturated  wiUi  a  fixed  aliiali,  impnrtfi  a  yellow  colour  to  the  liquid,  but  puwa 
ofi|  or  is  dewmposed  when  the  solution  is  evaporated.  In  this  impure  distillate,  sad  in 
another  obtained  from  starch,  oxide  of  manganese,  and  hydrochloric  acid,  Tiinnermaoi 
(Pogg.  Ann.  XV.  307)  thought  that  he  had  discovered  two  peculiar  acids,  to  whirh  ha 
gave  the  names  of  pyreyenia  and  amyfenie  adds.  When  alcohol  is  treated  with  i«l- 
phorie  add  and  oxide  of  raanganenc,  no  oil  like  fnrfurol  passes  over,  but  a  bn^ 
quantity  of  acetic  acid. — 16.  Sugar,  starch,  gum,  woody  flbrei,  cereal  grains,  and  oth« 
organic  substances,  yield  much  more  formic  acid  when  distOled  with  strong  salpfanzie 
acid,  or  a  mixture  of  that  enbsLance  with  on  equal  bulk  of  water,  than  when  '  '  * 
with  sulphuric  acid  and  peroxide  of  mangancAe:  for  tlie  latter  converts  a  ee 

able  quantity  of  the  formic  add  into  carbonic  add  and  water.     Before  carbooisi      

volatile  oil  passes  over ;  bat  as  soon  as  earbonisntioo  takes  place,  the  distillate  eoDssb 
of  oolourlflss  formic  add.  Phosphoric  add,  stannic  chloride,  and  other  dehydratiag 
substances,  act  like  snlphnric  add  (Emmet,  SilL  Am.  J.  xxxii.  140;  also  J.  pt. 
Chem.  xiL  120).  These  statements  have  been  verified  by  Erdm an  n  (J.  pr.  Choh 
xiL  124)  and  Stenhouse  (Phil.  Mag.  [3]  xviii.  122;  also  Ann.  Ch.  Phann.  zxzr. 
901 ). — 17>  A  solution  of  tartaric  acid  containing  a  little  solphuric  add  heated  with  per- 
manganate of  potassimn  yields  formic  and  carbonic  acids,  C'H'O*  +  0"  =  SCH^O*-*-  2C& 
+W0 ;  but  ii  the  solitition  in  nentralised  by  an  alkali,  the  whole  of  the  fonnie  sad 
isoudised  to  oirbonio  add  (P6an  de  St  Gilles,  Ann.  Ch.  Phya.  [3 J  Iv.  S74)_ 
18.  When  linseed-oil  is  heated  with  sulphuric  add,  a  large  quantity  of  formic  add  pMMi 
over,  together  with  snlphurous  add  (Sacc,  Ann.  CJh.  Pharm.  U.  214). — 19.  Soff^ 
starch,  cotton,  &c.,  treated  with  chloride  of  lime  containing  free  lime,  vield  foR&ate<f 
calcium ;  if  no  feee  lime  be  present,  carbonic  add  is  prodnrad  instead  of  formic  add :  «B 
a  solution  of  sugar  the  action  is  very  violent  Cblorids  of  lime  coDtBining  frr*  Ion 
forms,  with  a  solution  of  gelatin,  formate  of  caldum  and  ammonia  (Bastick,  Pbann.  J. 
Trans,  vii.  467;  Jahresber.  f.  CliPm.  1847-8,  381). — 20.  By  treatise  cnide  oil  of  mi- 
fatida  with  caustic  fiodo,  acetic  add  being  likewise  formed,  and  Bulpharett«d  hydn^ 
given  off.  Tho  gummy  portion  of  asafa'lida,  when  subjected  to  dry  distillation,  yiekls 
formic  add,  with  a  sTnall  qu{intit.v  of  acetic  acid. — 21.  Oil  of  muatard  and  oil  of  gartie 
treated  with  nitric  acid  yidd  formic  acid,  t<^ether  with  OOUllio  (HIasiwetjt.  J.  oe. 
Chem.  li.  35d). — 22.  An  aqueouA  solution  of  acetone  containing  solphnric  add  yielda, 
hy  electrolysis,  acetic  and  formic  acids,  together  with  oxygen,  hydrogen,  and  earboaie 
anhyiirida  The  formic  acid  is,  perhapi,  produced  by  tho  oxidation  of  the  metbjii  eoa- 
tained  in  the  acetone  (i.  28),     (Fri  edel,  Ann.  Ch.  Pharm.  cxii.  376.) 

Formic  acid  has  been  found  among  the  products  of  the  destzuctive  distiDalaos  d 
peat.     (Sullivan,  Atlantis,  i.  185;  Jahresber.  t  Chem.  1868,  p.  280.) 

By  distilling  aJoes  with  very  dilute  sulphuric  acid,  Ed.  Simon  (N.  Br.  Arch.  xiii. 
188)  obtained  a  distillate  which  rp«iueed  silvei^ealts  like  formic  add ;  bat  yielded 
nystols  with  oxide  of  l«*ad  diiferent  from  those  of  formate  of  lead.  In  the  wewbdiaf 
of  browD  cool  containing  iron  pyrites,  a  strong  odour  of  formic  add  is  often  eveliM 
(.\nthi)n,  Repert.  Ix3[Tviit.  IDA).  When  4  at  of  iron-filings  are  distilled  with  1}  aL 
tartaric  Bcid  (C'H*0*),  the  water  in  the  rccdver  acquires  an  odour  of  antik  and  th* 
property  of  reducing  metallic  oxides  (Artas,  J.  pr.  Chem.  xii.  261).  Aoeovding  to 
Gob  el  (N.  Tr.  x.  1,  34),  formic  add  is  produced  in  the  dry  distillation  of  atgoL  Thk, 
however,  has  not  been  sntisfactorily  proved. 

Elinger  (Ann.  Ch.  Pharm.  cvi.  13)  found  smull  quantities  of  formic  and  propmue 
acids,  together  with  lai^e  quantities  of  acetic  and  butyric  acidx,  in  the  products  of  tb« 
fermentation  of  diabetic  utine  ■.  other  observers,  however,  have  foimd  only  acetic  sad 
butyric  adds.    t^Jahicbbei.  \%bft,  -^  &1\..^ 
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Arrording  to  Geath«r  (Ana  Ch.  Fhiirm.  cix.  73)  nod  Lieben  (ibid,  exii.  926^ 
formic  acid  is  produced!  by  the  action  of  carbonic  cxide  on  ethjUte  of  sodium. 
Li  ebon,  howeTsr,  aod  Wankljn  (Phil.  Mac.  [4]  xriiL  391)  sttribotA  this  result  to 
the  presence  of  hydra.t«  of  sodium  in  the  ethjlate  (p.  682), 

Prfparation. — a.  Of  the  aqiirout  acid. — 1.  Frvm  Anta. — Red  ants  previotislj  mashed, 
or  their  expressed  juices,  are  distilled;  the  distillate  is  Batumted  with  potash,  soda, 
ozid«  of  lead,  or  oxide  of  copper  ;  the  solution  evaporatMi,  thereupon  the  TolatiJe  oil 
of  anta  passes  olTtoeether  with  the  water;  and  the  residae,  or  the  formate  purified  hj 
reczTBtallisatioa,  is  distilled  with  dilute  sulpbaric  acid. 

The  Tery  dilate  acid  thus  obtained  is  saturated  with  carbonate  of  potaasiam 
(Riehter,  Siiersen),  sodium  (Lowitz,  Gchlen),  or  copper  (Gehlen);  and  the 
dried  residue,  or.  when  oxide  of  copper  is  ustd,  tho  crystals  purified  by  repeated  cfya* 
tallisation  are  distilled  with  oil  of  vitriol  (Richter,  Gehlcn),  or  with  a  mixture  of 
1  pt.  oil  of  ritriol  and  \  water  (Siiersen),  or  with  pulverii»od  add  sulphate  of  [)ota»> 
siora  (Lowita).  If  tho  quantity  of  water  present  w  too  «nall,  a  large  proportion  of 
the  formic  arid  is  dM«mpo8(>d  ;  henc^  strong  sulphuric  acid  cannot  be  used  for  the 
distillation,  Anv  sulphurous  acid  that  may  be  present  is  removed  by  continued 
dii^estion  with  rpd  Jejid  ;  jilso  hydrochloric  acid  (proceeding  from  the  carbonate  of  po> 
taasiiim)  by  red  lead,  or  better  by  oxide  of  silver.     (OobeL) 

The  residue  l«fl  in  the  preparation  (li  oil  of  ante  (a  pharaiaeeutical  prodact  obtained 
by  distilling  2  pts.  of  red  ants  with  4  pts.  rectified  spirit  of  60  per  cent.,  and  an  equal 
[Wintity  at  water)  contains  a  considerable  quantity  of  formic  acid,  and  may  be  used 
sr  its  preparation.  The  residue  is  pressed ;  the  expressed  liquid  left  to  itself  for  n 
while :  the  fatty  oil  which  oollecta  on  the  snr&ce  removed ;  the  subjacent  liquid 
ncntraltfed  with  an  alhali,  filtered  and  eraporatod;  and  the  residaal  salt  mixed  with 
half  it.1  weight  of  strong  sulpburie  acid  diluted  with  an  equal  qooDtitr  of  water,  and 
distilled  till  the  liquid  begins  to  pus  over  turbid.  This  first  distillate  coosiats  of 
t*>len»Wy  pure  formic  acid.  The  turbid  liquid  which  follows  still  contains  formic  add ; 
it  may  be  neutr&ti»ed  with  carbonate  of  barium,  and  used  for  the  preparation  of  pure 
Urytie  formate.     (Haadw.  2^  Anfl.  i.  68S.) 

2.  From  TaHaric  add. — 10  pfs.  of  tartaric  acid  are  mixed  with  14  pta.  at  oxide  of 
Tnonganese  and  from  30  to  46  pts.  of  wat^r,  and  distiUed  in  &  capadoos  retort. 
(Dobereiner) 

8.  FVom  Snt/ar  or  Starch  trith  Pi-roxidf  of  Manganete  and  Sulphuric  add. — a.  A 
•olutioo  of  1  pL  sugar  in  2  pts.  water  is  heated  to  6IP  C,  with  2^  or  3  pts.  of  finely 
pounded  manganese  in  a  copper  stiU,  which,  as  the  liquid  is  very  apt  to  froth  up, 
must  have  at  least  15  times  tne  bulk  of  the  mixture;  a  third  part  of  a  mixture  of 
3  pts.  oil  of  vitriol  and  3  pts.  water  is  then  grodnaUy  added,  whereupon  carbonic  acid 
gas  loaded  with  vapour  of  formic  acid  immediately  escapes  with  vioJence.  The  head 
and  eondenstog  tube  must  now  be  quickly  put  on,  and  when  the  violent  action  haa 
■obsided.  the  other  two<lhinIs  of  the  dilute  sulpbnrie  acid  added,  the  mixture  being 
stirred  all  the  while ;  after  which  the  liquid  is  gradtully  distilled  almost  to  di^eaa. 
The  distillate,  which  is  trunsparent  and  colouilefls,  and  still  contains  volatile  oil 
(furfurol),  is  saturated  with  chalk  (the  distillate  fhim  100  pts.  of  sugar  satorates  from 
31  to  38  pts.  of  chalk);  and  the  filtrate  evaporated  to  the  enrstalliaing  point ;  or,  if  it 
bo  desired  to  obtain  the  acid,  the  distillate  is  satumted  with  carbonate  of  sodium, 
evaporated,  and  7  pts.  of  the  dry  residue  distilled  with  a  mixture  of  70  pts.  oil  of 
Titnoi  and  4  pts.  water  (Dobereiner,  Ann.  Ch.  Pharm.  iii.  144).  This  process  is  a 
very  good  one  ;  but  the  formic  acid  which  it  yields  is  slighlly  contaminated  with  acetic 
acid.  To  rvmave  this  impurity,  the  distillate  should  be  saturated,  while  yet  wnrm« 
not  with  carbonate  of  sodium,  but  with  carbonate  of  lead,  and  the  solution  evaporated 
to  the  er\-8tallising  point ;  the  more  soluble  acetate  of  lead  remains  principally  in  the 
mother*liquor ;  and  the  formate  of  lead  thus  obtained  must  be  distilled  wito  a  mixtura 
of  equal  parts  of  oil  of  vitriol  and  water. 

0.  I  pt.  of  starch  is  mixed  with  4  pts.  of  finely  pounded  manganese  and  4  pts.  of 
water  in  a  copper  still;  4  pts.  of  oil  of  vitriol  added  by  small  portions,  and  with  con- 
stant stining ;  the  vessel  naated  by  a  alow  fire  till  tbe  contents  begin  to  froth  up ;  the 
bead  and  eondensing  tabe  tben  put  on,  and  the  distillation  continued  till  4^  pts.  of 
thfe  liquid  have  pas^  over.  This  liquid  has  a  density  of  1-026  at  10'°  C,  and  satu- 
rates  lOfi  per  cenL  of  dry  carbonate  of  sodium.  If  the  distillation  is  performed  in  a 
retort  instaad  of  a  still,  it  is  neeswMj,  to  order  to  prevent  firothing  over,  to  take  ouly 
8*7  pta.  of  manganese,  3  water,  and  3  oil  of  vitriol  to  1  pt.  of  starch ;  the  retort  must 
have  10  times  the  bulk  of  tite  mixture.  The  prodact  thus  obtained  amooots  to  3*36  pta. 
of  a  distillate  of  specific  gravity  1042.  which  neutralises  16  per  cent,  of  dry  carbonate 
of  sodium.  Tho  distillate  obtained  either  from  the  retort  or  from  the  still  is  clouded 
by  a  white  substance;  and  if  llie  diatillHtion  haa  been  carried  too  far,  the  liquid  also 
eoBtains  Bulpbunius  acid.  It  mu»t  therefore  be  neutrnlised  with  carbonate  of  c»l- 
ciDJu ;  milk  of  lime  added  in  excess  to  convert  the  soluble  acid  sulphite  of  caldum  into 
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thp  neutral  insolnViIo  milplfite ;  the  filtrate  evaporated  to  dryneew ;  mod  10  pt&  Otthtr^ 
Bulting  farraate  of  calcium  diBtilled.  either  with  8  pta.  oil  of  ritriol  and  4  wat,«r,  whweby 
9  ft».  of  formic  add  ore  obtained,  having  a  dcMity  of  1  075,  or  wUj  8  pts.  oil  of  vitriij 
iind  1^  water,  by  which  a  highly  concentrated  acid  is  obtained.  Tho  vrninrro^i  <.;. ;,i  «h4t 
can  be  prepared  in  this  mannctr  is  obtained  by  diatillinp  18  jita.  of  firi  4t» 

of  leadwilJiflpta.  oilofvitriolandl  pt.watcrinachloridf  ufcttlciutij  I  laia 

liaa  a  density  of  1-110  at  10°  (Liebig).  Cloez([3]  J.  Pharm.  iv.  a06»  iiiU«^»U4gm. 
of  atarch  with  2000  (^m.  of  manganese ;  places  the  mixture  in  a  still  having  a  eapaatj 
of  25  or  30  litrtw ;  adds  1  litre  of  water,  th<?n  a  niizture  of  2  kitoprummes  of  oil  of  vitnot 
•with  2  litrt>s  of  water,  stirring  the  roixtur<.i  well ;  and  distilH,  adding  hot  wat4f.r  in  ;»o- 
portion  aa  tho  liquid  pastfes  over:  from  12  to  15  litres  of  a  strongly  acid  liquid  soaj  U 
tliU8  obtained  over,  containing  about  412  gntmnieN  of  formic  acid  (CH*0^). 

4.  From  Sugar,  Starch,  or  Woodi/  fibre,  tpith  Suiphiiric  acid. — One  meacure  of  nil  of 
•vitriol,  1  measure  of  water,  and  1  measure  of  rye,  wheat,  oata,  or  eo«nely  braiaeti  maiie, 
are  heated  together  in  a  glass  retort  till  the  liquid  boil»;  one  measnre  of  water  i«  a<ldeii 
aa  »r>on  as  tlio  masa  becomea  thoronghly  bladi ;  the  liquid  distilled  till  one  maatmre  of 
distillate  has  passed  over ;  another  measure  of  water  added  to  the  residue :  and  ti>* 
distillation  repeated  with  a  fresh  receiver.  The  finst  distillate  connvtsof  strong  family 
acid,  generally  free  from  sulpharous  acid  ;  the  second  is  very  dilute  and  often  contains 
sulphurous  acid;  this  impurity  uny  be  removed  by  agitating  the  cold  liquid  for  & 
short  time  with  peroxide  of  lead.  The  organic  matter  used  in  this  proceasi^  httog  (tf  • 
graQular  ntiture,  does  not  swell  up  so  much :  hence  the  vessels  used  need  aot  he  as. 
krge  as  tho»e  required  in  the  preceding  processes  (Emmet.  SilL  Am.  J.  xzzu.  HdV 
Carbonisation  taVea  place  before  boiling,  so  that  there  is  no  occjision  to  wait  till  th« 
liquid  boils.  The  addition  of  water  caoiwfl  the  hot  mass  to  froth  over:  h«nee  it  ia 
neoessaTy  to  let  tlie  mixture  cool  before  adding  fresh  water.  In  all  cases  frothing  sad 
boiling  over  are  very  likely  to  be  produced  by  a  slight  ri»e  of  tem pi>ratar<e  :  hence  tba 
retort  should  hold  at  least  fire  times  as  much  aa  the  volume  of  the  mixture.  Tb*" 
distillate  is  free  itvm  acetic  aci^l.  but  contains  farAirol,  which  may  b«  removed  by 
<^ther  (Er.lmann,  J.  pr.  Chem.  xii.  124).  Stenhoose  (Phil.  Ma*;;.  [3]  xviiL  122) 
proceeds  in  th*  Siime  manner  as  Emmet  for  the  preparation  of  furfurol  and  foraLe 
acid,  excepting  that  he  uses  whcai-floar.  Paw-dust,  or  cha;^  instead  of  g;Fain. 

6.  From  Oxii/tc  ucid. — An  Intimut*  mixture  of  oxalic  acid  and  very  fine  asad 
Is  distillled  in  a  glass  retort,  and  the  distillate  freed  from  oxalic  ucid  by  frequent  no- 
Ufication.  This  proc<i»  yields  very  pure  formic  acid  in  a  highly  concentnt«d  utitA 
(Gerbardt,  Ann.  Ch.  Phys.  [3J  vii.  130.) 

A  much  laiTger  product  may  be  obtained  by  distilling  the  oxalic  odd  with  ^jtma. 
Oxalic  acid,  C-H-0*  contains  the  elemeotaof  carbonic  anhydride,  CO*,  and  ibmieaod, 
CH^O*,  and  is  artually  resolved  into  these  compounds  by  heat;  but  when  it  is  heat«i 
alaiift,  or  even  with  sand,  the  temperature  rises  so  high  tliat  the  greater  part  of  tlif 
formic  acid  ia  furl  her  resolved  into  carbonic  oxide,  CO.  and  water  H^;  bottiie 
addition  of  glycerin,  which  takes  no  part  in  the  decomposition,  enables  it  to  take  pla<* 
at  a  lower  temperature,  and  the  whole  of  the  formic  acid  is  then  obtained.  When 
equal  weights  of  commcwial  ox.>iltc  acid  and  syrupy  glycerin  {x  kilognunme  of  eteii) 
and  from  100  to  200  grammes  of  watt-r,  are  gently  heated  (scaircely  above  100°  C.)  io 
a  capaciou!»  retort,  a  brisk  evolution  of  carbonic  anhydride  soon  begins,  and  after  12  to 
16  hours,  the  whole  of  the  oxalic  acid  is  decomposed  without  any  evolution  of  rariwoic 
oxide.  A  small  quantity  of  the  resulting  formic  acid  distils  over  with  the  water;  bat 
the  larger  portion  remaina  in  the  retort  together  with  the  glycerin,  and  may  be  sepa- 
rated by  distilling  the  residue  with  half  a  litre  of  water,  renewing  the  wmter  as  tt 
distils,  till  6  or  7  litres  of  liquid  have  passed  over.  The  glycerin  which  Fenuuns  nuiy 
be  used  for  the  conversion  of  fresh  quantities  of  oitUie  add.  The  deoampoaitioa 
must  be  conducted  slowly,  as,  if  too  much  heat  is  applied,  the  temperature  lian  to  Ur» 
twetm  190°  and  200°,  and  carbonic  oxide  is  evolved.  (Berthelot,  Ann.  Ch.  Fhii. 
[31  xlvi.  477.)    This  ta  the  beat  of  all  methods  of  preparing  formic  acid. 

A.  Preparation  of  tke  pure  eoncentratid  aeid,  CH^O'.— 1.  Pulveri»»d  formate  <rf 
lead  dried  by  heat  is  introduced  into  a  long  glass  tube,  from  4  to  6  lines  in  width,  «u 
end  of  wfaicn  is  drawn  out  into  a  narrow  neck,  turned  downwards  and  insoted  into  a 
small  receiver ;  sulphuretted  hydrogen  dried  by  chloride  of  caldom  ia  pMswd  into  the 
tube  at  the  other  end,  till  the  lead-salt  is  completely  decomposed ;  a  geatla  best 
applied  to  drive  the  formic  acid  into  the  receiver;  and  the  add  Tepeatedlr  bailed  to 
free  it  from  Kutphurvttpd  hydrogen.  If  the  tube  he  too  strongly  heated,  the  sod 
becomes  contdminnt<>rt  with  decomposition- prod  nets  containing  sulphur  (LiehiKV— 
BineBu(Compt.  rend.  xix.  769)  passes  dry  carbonic  anhyilride  through  the  di»^la»» 
to  drive  off  iht^  «ulphuretttd  hydrogen,  and  rectifies  it,  rejecting  the  first  pardoo,  whidi 
Blil!  i«mells  of  sulphurofttil  liydrugen. 

2,  By  mixing  8  ut.  of  a  dry  formate,  the  bannm-salt  fop  example,  witJi  8  at  wat«i 
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^nwloMlly  Adding  3  &t  chloride  of  sulphur,  a*3,  dUttUiag  b«tween  110"  Mid  133<^  0,« 
mod  ractifyirig  the  distillate  orer  a  mQall  quantity  of  formate  of  lead  : 

4C«H»BaO*  +  3C1»S  -  4CH'0'  +  4C0  +  3BaCl»  +  BaSO'  +  8«. 

(Heintx,  Fogg.  Ann.  xcviiL  46S.) 

Projuertiet. — The  mo«t  concentrated  acid  aolidifies  at  —  1°C.  in  shining  lamint^ 
vhii-'h  nieH  at  •¥  \°.  At  onlinury  t£m]:j«ruture«  it  forma  a  thin,  traii8parent,  and 
colourl««ii  liquid,  of  apecific  gravity  1-2353,  which  boila  at  98fi^  (bur.  27'  10'") 
(Liebig).— According  to  Kopp(Jahrcaber.  1847-8,  p.  68),  the  specific gra-rityiu  1'2227 
•t  0^,  and  tbe  boiling  point  105-3  (bar.  760  mm.);  according  to  Person f,Jahrvi9b«-r. 
1847-*,  p.  91),  Ihe  atrid  boils  at  100°;  according  to  Roscoe  (Chem.  Soc,  J.  xr.  271), 
at  101*1°  undt<r  a  prenwure  of  758  mm.  of  morcurj-.  The  Tapoar-denaity,  between  tiie 
t«mpprHtttn!S  111**  and  118*',  vari*8  from  2-125  to  2-14  (Uineau,  Compt.  rend  six 
769  ;  aim  Pogg.  liT.  424;  Compt.  rend,  utiii.  416).  The  strongest  acid  fumea  slightly 
in  the  air,  has  a  pungent  aour  ta8t«,  and  is  so  corrosive  that  a  single  drop  placed  ii|x»i 
A  aoft  part  of  the  akin  produces  intolcmblo  puin,  causing  the  puit  to  swc-U  and  torn 
white,  aflervrard*  drainag  thti  skin  togi'ther  and  producing  a  painful  ujcor  (,Liebig). 
The  dilnro  neid  has  a  pewdiar  pungfnt  aud  sour  »mf  11,  und  a  [turely  acid  ta«|e. 

Formic  acid  mizea  with  water  in  all  pro{>ortioaB,  vitb  diminutioa  of  specific  grurity 
and  without  risp  of  temperature.  Acconling  to  Licbig,  an  aqueou*  acid  oontaining 
1  at.  wnlf-r  (€H*OMI-0),  and  boiling  at  the  fixed  tomp^mture  of  106°  C,  ia  obtained 
by  distilling  18  pt^.  formate  of  l«ad  with  6  pts.  oil  of  vitriol  and  1  pt.  water.  Ao- 
oording  to  Roscoe  (Chnm.  Soc  J.  xr.  271).  formic  acid  (like  all  other  acids)  poaaecae* 
DO  hT<uat«  of  constant  boiling  point  at  all  preamxree ;  but  any  number  of  mixtorea  of 
fiinnic  add  and  water  can  be  madle,  each  of  which,  when  distiUcd  under  a  given  prea* 
sore,  will  undergo  no  change  in  compotiitiun.  oiid  thert-rurt;  will  boil  at  a  fixed  potuL. 
bat  will  undergo  deoompoeition  when  l>oiled  under  any  other  pressure.  Under 
Ihn  oniiniiry  atmospheric  pressure  (760  mm.),  a  lii^uid  contahiiiig  77 '5  pte.  acid  to 
22o  pfa.  watiT  unaergoea  no  change  by  distillation,  boiling  at  the  tempfrature  of 
107-1-^  C.;  and  all  mixtoree  containing  more  acid  or  more  water  than  thw  qiianfity, 
when  dislillfd  under  the  above  conditionii,  dtimuteiy  attain  thw  tuiroe  fixe«l  boiling 
point  and  constant  composition.  When  distilled  under  a  higher  pnwsure.  however, 
thia  aqueous  acid  uodeigoee  a  change  of  composition.  Under  a  prrasore  of  TSS  met. 
of  mercury,  the  residual  liquid  attains  a  conipoBition  of  83-2  per  cent  real  add  and 
boils  unchan^t>d  at  134-6"'  C  Undfr  a  pressure  of  1-35  met.  of  mercnrj,  the  aqueona 
add  boils  constuntly  at  124-1**  C,  and  attains  the  atrength  corresponding  to  80  per 
eent  of  real  in-id. 

Formic  acid  dissolvea  in  all  pK^rtiona  in  alcohol,  being  partly  converted  into  foi^ 
mate  of  ethyl. 

I)feomjHutitiiiv». — 1.  The  vapour  of  the  boiling  concentrated  acid  may  be  set  on  fire 
in  the  air,  and  bums  with  a  dull  blue  flame  (Liebig).  PlattHum-blaek,  repeutedlr 
moistened  in  the  air  with  aqut'OUH  formic  acid,  canae*  slow  coitibuntion  of  the  rtciti, 
aCMmptinied  hy  evolution  of  heat  and  a  hisning  noise,  the  products  of  the  combui.'.'oi: 
being  carbonic  acid  and  water.  If  the  platinum -black  bus  Wen  previously  charged  wi*Ji 
Csjgen  by  exposure  to  the  atr,  it  will  oxidise  jitniuU  quantities  uf  the  acid,  even  cut  of 
contact  of  air.  Spongy  platinum,  slightly  moistened  in  the  air  with  formic  aciii  .*om- 
taining  not  more  than  1^  at.  water,  bc>comM  almost  instantly  red-hot,  producing 
water  and  carbonic  acid  (Dobereiner).  2.  Chlorine  decompose*  the  acid  and  ita 
Hits  oofflpletely,  converting  thom  after  a  while  into  carbonic  and  hydroi'hlonc  adds. 
(Cloes,  Ann.  Ch.  Phys.  [3]  xvii.  297) : 

CHH>*  4-  a*  -  co»  +  ana 

8.  Kitric  acid  decompoBes  formic  acid-   (A  r f  T  e  d  s  0  Q.) 

4.  Aqufloua  iodic  or  -prriiulic  arid  actA  viol«'ntly  ou  formic  arid  at  a  biiiling  beat, 
evolving  carbonic  anhydride  and  ifxline  (Beuckiser,  Ann.  Ch.  Pharm.  xvii.  2*)8).  At 
a  temperature  near  100°  C.  aque<ju.s  iodic  acid  completely  converts  formic  acid,  in  the 
coarse  of  twenty  minutes,  info  water  and  earlHmic  a.uibydride ;  but  a  trace  of  hy<irocyanic 
add  pitjventa  the  decomposition,  even  at  a  boiling  heat,  (Mill on,  Compt  rend.  xix. 
271.) 

5.  Strong  tvlphuric  arid,  at  a  gentle  beat,  decomposes  formic  add  and  ita  salts,  con- 
verting them  into  water  and  carbonic  oxide,  with  strong  efiSsrveeceoce,  but  without 
blnckening:  CH'0«  =  H*0  ^  CO.     (Dobereiner.) 

6.  Formic  acid  r«luct^  the  wriJf^  of  the  rtcWc  mrtaU,  yielding  ,water  and  c«rbonic 
anhydride.  It  nnhices  mercuric  oxide  with  efR'n'<^c»?nce  when  heated.  From  merca- 
rons  or  mercuric  nitrate,  it  ikrowt  dnwn  metallic  mercury  at  a  boiling  heat :  boiled 
with  a  Bolntion  of  memiric  rliloride,  it  throws  down  ealomol  (Go be),  Dober- 
einer).    A    hot   Hquc*ou!<   !«ulu(lun   of    mercuric   chloride   mixed    with    format*   of 
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pofaaamm  or  aodlom,  and  kept  for  two  or  three  bourn  at  s  Uropemtore  betweni  70° 
«i]d  S0°  C,  dcpositu  fill  the  mercury  in  the  form  ol'  cdotnel ;  but  if  kept  congtaatly  at 
H  boitiQg  heat,  it  jieldlfi  the  mercaiy  in  tho  tnotuUic  state  (Bonsdorff,  Fogg.  Aao. 
xrxiii.  73).  This  reducing  action  i^,  however,  prevented  by  the  presence  of  chJorid*  of 
potajusium,  Bodinm,  or  ammomum,  and  even  by  adding  acetic  acid  to  the  aoltttiflo  ti 
mercuric  chloride  (H,  Rose,  Pogg.  Ann.  ori,  SOO).  Silrer-oxide  and  thow  of  iti 
Btdta  which  are  soluble  in  water  are  reduced  by  formic  acid  with  the  aid  of  heat ;  tJi« 
Baits  are  more  quickly  reduced  by  formate  of  sodium  (Gobel,  DobereiaefV 
Solutions  of  gold,  phitinum,  and  palladium  are  not  reduced  by  continaed  boiling  with 
frf«  formic  aeid,  becanso  the  a;crid  pradually  Tolatilises;  but  tbey  are  completrJy 
reduced  hy  formate  of  ^lodiam^  which  in  some  cases  throwa  down  spanglca,  in  oth«n» 
as  with  pfattDum,  precipitate.-^  a  biiuk  possrssing  great  power  of  inaoclng  eoiDlnHlkiB 
(Gobel).  The  aqueous  acid  oonrertji  platinoua  oxide  and  platinate  of  aodiiiatllta 
plHtinum-bkck,  with  brisk  evoSntion  of  ciirbohic  acid  (Dobereiner,  Pogg.  xxriil 
ISO;  Schw.  Ixvi  2S9).  At  a  lK)iling  heat,  it  reduces  protochloride  of  phitinam  to  lb« 
metallic  state.     (Berzelina,  Pogg-  ixxtL  8,) 

7.  Peroxidet  with  dilute  Bulphuric  acid  coarert  formic  add  into  carbomc  anhjdtide 
and  water.     (Liebig.) 

8.  Formate  of  potaBmnm,  moderately  heated  with  excess  of  hydrate  ofpotauitm, 
gtTM  off  hjdromin,  and  ia  converted  into  oxulate.  2CHK0»  -  C*K*0*  +  H».  (Peii- 
got,  Ann.  Ch.  Phys.  Iiiiii.  220;  Dura  an  and  St ai,  Utid.  liriii.  123.) 

Fonnateaf^The  affinity  of  formic  acid  for  ba«e«  is,  according  to  Arfvedson.  greater 
than  that  of  acetic  acid.  It  is  monobasic,  tbd  formoliB  of  its  salts  being  CHHO*  aad 
C'H'M"0'.  There  are.  however,  a  few  doable  and  acid  formates  prodneed  by  the  nnioa 
of  two  metallic  formates  or  of  a  metallic  formate  with  formic  acid,  analoeona  in  &et 
to  the  double  chlorides,  acid  acetate  of  potassium,  &c.,  not  to  the  double  salta  ol 
dibuic  adds.  They  are  obtained  by  dissoh-ing  the  bases  or  their  carbonates  in  I ' 
aqueous  add»  and  evaporating.  The  formates  of  the  fixed  alkali-metals  ignited  < 
contact  of  air,  leave  aUialine  carbonates  slightly  blackened  by  charcoal,  a  oomb 
gas,  probably  carbonic  oxide  and  hydrogen,  being  also  evolved : 
2CHK0*  -  K'CO'   +  CO  +   H«. 

Formate  of  barium  yields  the  products  just  mentioned,  together  with  gaseoiul^^ 
carbons,  viz.  marsh-gas,  ethylene,  and  trityleno.  (Bert  he  lot,  Ana.  Ch.  Phys.| 
liii.  69  ;  Jahresber.   f  Chem.  1858,  p.  216.) 

The  formates  of  uranium,  bismuth,  zinc,  cadmium,  lead^  cobalt,  nickel,  and  eoppu^ 
when  heated  to  redness,  leave  a  regtulus  of  metal,  whidiat  a  stronger  beat  assioaei 
the  metallic  lustre  (G-obel).  In  these  decompositions,  vater,  eanxmie  anhydnda 
and  carbonic  oxide  are  doubtless  evelred: 

C*H*M"0'  a  H«0  +  CO  =  CX)»  +  IL 
Sulphuric  acid  heated  with  the  formates  decomposes  them,  fanning  a  snlphate^i 
and  carbonic  oxide  gns,  which  escapes : 

CHXO»  +  H'SO*  -  KHSO*  4-  CO  +  HH). 
Platinum-black,  moistened  with  the  solution  of  an  alkaline  formate,  cooverta  it  inta 
carbonate  (Dobereiner,  Ann.  Ch.  Pharm.  xiv.  14).  The  aqueous  Mlutioot  ol 
formates,  heated  with  solutions  of  the  noble  metals,  e.g.  mercury  and  siItct,  ia  acids, 
reduce  the  metals,  with  e%-olut  ion  of  carbonic  anhydride. 

All  formates  are  solublr*  in  wat^:  their  aqueous  solutions  form  dark  red  miztara 
with  ferric  salts. 

Formatf  of  Aluminium  maybe  obtained  by  predpitating  formate  of  barinni 
with  sulphate  of  aluminiiim  in  fquivalent  proportion,  and  evaporating  the  filtrate.  It 
cr>stalli«ea  with  difficulty  (Liebig).  It  tastes  swet't  and  rough;  redden*  litmui 
elighlly  ;  Iw^i'omea  moist  in  the  air;  forms  a  dear  solution  in  cold  wafer ;di«olv« 
likewise  in  hot  water,  but  with  instant  precipitation  of  all  the  alamina  (Gobel).  Tba 
solution  of  the  pure  salt  does  not  become  turbid  when  heated  ;  but  if  sulphate  of  potas* 
eium  is  preaent,  it  forms  a  precipitate  which  redissolvea  as  the  liquid  cools.   (Lisbi&} 

Formats  of  Ammonium,  CH(NH*)0\  forms  monodinic  ci7stals,  exhibiting  the 
combination  ooPee  .  oP  .  +P»  .  +  P  ,  [P«o  ].  Eutio  of  axea,  o  :  6  :  <y  =  o-g84  ;  1 
:  1-260.  Angle  of  inclined  axes  =  87°  28';  osPao  :  -i- P<»  =-  140°  38';  oP-  [P*] 
-  124°  S4-.  Cleavage  paraUel  to  oP  (Grailich  and  Lang,  Wien.  Akad.  Ber.  xxrii. 
178).  It  has  a  fresh  pungent  flavour,  and  is  not  poisonous  (Pelouze).  Whfn 
suddenly  heated  in  a  retort,  it  is  resolved  into  water  and  hydrocyanic  add  (Dober- 
einer,  Eoprt.  XV.  425): 

Cn(NH*)0'  =  CNH   +   2H«0. 
When  gradually  heated  it  fu-ses  at  120='  C.  withoat  pving  off  water,  but  ordves  a 
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■n&n  qoantity  of  ammodia  at  H(fi  AJtd  at  1S0°,  it  ig  for  tlie  moat  pMt  n>ao!r(Hl  into 
liTdrocyanic  add  and  vator,  a  smaU  portion  only  TolatiliidDg  uadecomposed 
(Fclo«c«k  Ann.  Ch.  Fhrv.  xliiL  S99;  alao  Ann.  Pharm.  il  87).  To  makf  the  decom- 
fxidtioo  complotie,  the  salt  mnst  b«  heated  at  the  closed  end  nf  a  b«iit  tal>e,  and  th^ 
Vapour  pawed  over  a  part  of  thp  tube  kept  nt  a  utronger  heat  (Liebig).  The 
nqoMMlB  aolation  ezpoaed  to  li|[ht  ia  a  stoppered  bottle  for  half  a  jcar  deposita  a  larca 
qnantity  of  flakes  and  beoomea  alkaline  (Hortt^Br.  Al«h.  it.  257).  The  ult  dis- 
■olres  readj] J  in  water. 

Formate  of  AmyL    See  FosKc  Etheiu. 

Formate  of  ftffium,  C*H'Ba"0^ — CiTtit&lliMS  in  Bhining  traiiapareat  rhombic 
prisms ;    a  t  A  :  e  -  0-7664  :  1  :  0-8842.     Inclination  of  <rP 
:  obP.   b  the  macrodiagonal  principal  aeotion  =  75*^  BS*;  of  Fiff.  494. 

I^go :  ^00  in  the  haaaJ  principal  Bectioa  »  97°  SO'.  Ordinary 
«ombinatioa  t»P  .  Poo  (jSjr.  494 ;  ^rpf^e  Kryttallograpkit, 
pu  265);  also  irith  the  fkces  Poo,  2PoOj  and  oof*«,  more 
rarely  »I*!)o(Hen9Ber,  Pogg.  Ann.  Izxxiit.  37).  The  cryatala 
■!«  permanent  in  the  air,  have  a  Litter  taate,  diswlve  in  4 
pta.  of  cold  water,  but  are  insoluble  in  alcohol  and  in  ether. 
The  »alt  decomposes  when  heated,  emitting  the  odour  of  burnt 
sogar.  f  •!*  mB 

Formate  of  Siimutk>-^So\ub\e  in  water;  crystallises  on 
evaporation. 

Formote  of  But  jfL— See  Fosxic  Ethsss. 

Formate  of  Cadmium,  C»H'Gd'0»  +  2H»0.— Orj-stsU 
liaes  in  <!abee  and  rhombic  dodKahedrons  (Gob«l);  in  mono* 
dioic  prisms  isomorphous  with  ths  Kinc-salt  (Heusaer). 
o  :  6  :  c  =  07646  :  1  :  (J-ii24.  Anjrleof  inclinod  axe*  =  82"  6«  ; 
obP  :  odP  in  the  orthodiugoun]  principal  section  =  105"  30' ;  oP  :  »P  •  85°  43' ; 
+  aPao  :  the  prinoipal  ajdn  =  29°  66',  The  crystals  hare  the  faces  oop  and  oP 
predominant,,  ur  thuy  form  short  priemB  with  the  faces  +P,  +  2Poo  ,  —  P,  and  ooPoo; 
or  they  are  tabular  from  predominanoB  of  oP,  with  —  P  and  +2Pto,  which  hittar 
trftctt  predominates  to  the  obbteration  of  ooPoo  {Ko^pp't  Kryatailograpkif,  p.  310). 
The  salt  has  a  sweetish,  but  somewhat  metAlHc  taste,  aod  dissolves  easily  iu  water. 
Tha  ciystalR  when  heated  gire  otf  thi^ir  w&ter  with  diffically,  and  undergo  sadden 
deeomposttion  at  a  higher  temperataro. 

Formate  of  Cadmium  and  Barium^€:f3a,'CA"<y*, — Crystallises  in  rhombic  prisms, 
whose  predominaDt  faces  are  oeF,  ooPee ,  and  ?» .  Inclination  of  odP  :  ooP  in  the 
mscrodiagonal  principal  section  —  84"  lO';  Poo  :  Pod  over  the  principal  axis  = 
118°  60'.     (Haodl,  Wien.  Akad.  Ber.  xxxii.  252.) 

Formate  of  Calcium,  C*H'Cft"0*. — Obtaitie«i  by  spontanootis  evaporation  in 
rhombic  crystals,  exhibiting  the  faces  P,  (»!f^.  odI'oo  ,  ooPao .  2P.  Rntio  of  azea 
a  :  A  :  c  «  0  76988  :  J  :  0  46713.  P:  P  in  the  terminal  edges  -  U6°  36'  and 
121**  46*;  <»I*2  :  »P2  in  the  hrachydiagonal  principal  section  =  67*^  (Heusser, 
Pogg.  Ann.  IxniiL  37).  UsuaJly,  howercr,  it  separates  in  crystidline  crusts  made  op 
of  small  shining  six-sided  ctystals.  It  ha«  a  sharp  saline  taste,  dissolves  in  8  to  10 
pts.  of  cold  water,  scarcely  more  in  warm  water,  insoluble  in  alcohol. 

Gobel  obtained  a  salt  containing  cryBtaUisation-watcr,  which  crystallisod  iu  octahe- 
drons and  dodecahedrons,  but  gave  up  its  wator  with  effloresconcc,  even  at  common 
temperatnres. 

Formate  of  Cerium,  C'H*Go"0*. — Formed  by  precipitating  a  hot  concentrated 
solution  of  ceroua  chloride  with  format*?  of  sodium,  and  separates  on  cooling  as  a 
faintly  roee-colonred  praniilo-erj'fitalline  powder.  It  is  very  sparingly  soluble.  1* 
eontains  water  of  crystallisation,  which,  however,  it  gives  off  completely  at  12CP  C. 
(Liebig).  According  to  Beringer,  it  still  rptains  j  at.  WHfcr  at  260*'.  Al  200*  it 
intimip.«ice8  without  melting,  gives  off  carbonic  anhydride  and  hydrocarbons,  and  i« 
converted,  without  blaokening,  into  cerons  carbonate,  which  when  more  strongly  heated 
leavfs  ceroso-coric  oxide.     (Liebig.) 

Chromic  Fortnatf  in  a  green  soluble  salt. 

Formate  of  Cobalt  forms  rose-red  indistinct  crystals,  Bparingly  soluble  in  water, 
insoluble  in  alcohol ;  when  healed,  they  give  off  water  and  torn  blue. 

Formate  of  Copper,  C»H*Cu"0*  +  4H-0.— Crj-sUllisea  in  monoclinic  prism*  nr 
tables,  a:  b:  e  -  0-983  :  1  :  0-766.  Angle  of  inchnwl  axes  =  79^  20'.  Inclination 
of  «P  :  ooP  in  the  clinodiagonal  principal  spction  ^  90O;  of  +  P  ;  +  P  in  the  Sftm« 
-  112°  18';  of  oP  :  «P  =  82:^  30'.     Ordinary  combination  »P  .  oP  ,  +  P  (jSy.  496; 

Vol.  11  YY 


hW 


FORMIC  ACID. 


)---, 


.,/ 


Kopp'»  Krt/italloffrapkif,  p.  310).    Awonling  to  HensMT,  vhoa*  inf«sareiD»nt»  ignt 

very  nourly  with  those  of  Kopp,  the  crystals  likewise   exhibit   th«  f>0F9  —  P  aitd 

[  OP  poo  ],  and  oft^n  form  twins,  with  the  fiice  of  coaild- 

Ffy.  495.  nufion  parallel  to  oP.     CleaTitg^  parallel  to  oP.    Tlw 

cry{>tKls  are  transparent  and  of  a  pale  blue  or  meainb 

yellow  colour.     Specific  gravity  1'81.      SolnUe   with 

blue  colour  in  7  or  8  pta.  wat4>r.'an(l  in  400  pta.  alflobol 

of  80  per  cent.    They  effloresce  in  warm  air,  and  whn 

heated  give  off  influniniabU-  pr-NJucta  which  bnnj  wiUi 

a  Bjeen  flume.     The  aalt  when  aubjected  to  diy  di^tiU- 

ution,  leavea  metallic  copper,  and  gim  off  a  nuzture 

of  carbonic  oxide,  corboDic  anhydride,  and  faydngsi 

/  /         gase*. 

Formal  of  Copper  and  Hi/drogen  ;  Aeid  FomMtt  vf 
Copper,  C*H»Cu"0'.2CH'0*  +  3H'0.— Sepwalw,  to- 
gethor  witli  formAtu  of  rnpp«r  and  strontium,  frun  a 
strongly  acid  aolution  of  2  at  format*  of  stroDtisa 
and  I  at.  fomuit*  of  copper,  in  munoolinic  crystnls,  which,  accopdinfz  to  Zephux>Tid>. 
eihibit  Llie  combination  oP  .  +  2P«  .  o&P  .  ooPao  .  — P  .  +  P.  Rj\fio  of  aiea  a'.h'.e 
«  1  :  1-3238:  11766.  Angle  of  inclined  axes  =  82*  31'.  luclination  of  aP; 
ooPao  =  127°  16';  +P:  ■♦■P  »  94°  18';  -P:  -P  =  100*44',  both  in  the  dioo- 
diiigonal  tenninal  edge;  oP  :  +2Pqo  =  114"  21'.  Cleavage  parallel  to  »P«. 
(K.  T.  Hauer,  Wien.  Akad.  Bcr.  xliii.  [2]  648.^ 

FormalM  </  Copper  and  Barium, — Heueser  oDtainod  two  of -thtMW  salta  from  uixsi 
solutiotlB  of  the  simple  salts,  viz.  bluish  green  crystuls  hnring  the  oompoiji' 
C*H*(B»;  Cu)''0'  +  4H*0;  that  is  to  say,  formate  of  copper  in  which  part  of  I 
copper  is  isomorpboasLy  replaced  by  barium ;  and  li^ht  bine  crratAls,  whose  oi 
poitition  he  repree^nta  by  the  formula  C»H»Cu''0^4H*0  +  2C*fl*Ba*'0*.  Both  i 
i»omorphous  with  oontral  formate  of  coppfer. 

Forvuite  of  Copper  and  Strontium,  (C'H*Cu''0«.4H*0)  +  2(C'H«Sr''0«.2H*0).-4)k. 
tained  like  iho  cupro-barytic  salt  According  tn  HensRer,  it  is  likewise  iaomomhom 
with  neutral  formate  of  copper ;  but  according  to  Zepharovich  (Wien  AkadllH 
xKii.  [2]  545),  it  docs  not  even  crFfrtallise  in  the  same  system,  the  crystala  beia( 
mono-  but  tri-c1iai(i,  and  exhibiting  the  combination  oF  .  oopoo  .  qoFod  .  aeP/.a  ^ 
^00  .  i.Fw  .  'f'oo  .  Peo  .  P  .  ^P,.  Ratio  of  brachydiagonal  a,  macrodiagoual  *,  'lai 
principal  axis  e  =  07436  :  I  :  1-0103.  Angle  b  :  a  in  the  left  Tipper  oetaat « 
104*'  43';  a  :  o  «  96®  62':  a  :  6  =  88"  18*.  Inclination  of  oP  :  od{^»  .  104"  i$. 
nP  :  ooPoo  -  9fio  37';  oe>P<x>  :  oofoo  -  89°  47';  acpoo  :  oo,T  =  142°  31';  xN: 
P^^  -  127°  69'.  Clearage  perfect  parallel  to  (x{>ao;  less  perfect  parallel  to  *fa>. 
Formate  of  Ethyl.—See  FoHinc  Ethbrs. 

Formatga  of  Iron. — The  ferroue  salt  is  obtained  by  diasolTing  fprrous  hydnttin 
formic  acid,  or  more  easily  by  decomponin^  the  l>arium-Balt  with  ferrouB  sulphate. 
The<  colourless  Bolutioa  when  evaporated  in  an  open  tcsscI  deposits  a  basic  fans 
salt. 

2ieutr<d  ferric  formate,  C*H*(Fe*)'^0",  is  obtained  by  digesting  moist  ferric  1 
for  seTeral  dayg  in  aqueous  formic  acid,  eraporating  the  red-brown  acid  solo 
about  70°  C,  and  drying  the  residue  at  40°.  It  in  a  light,  loosely  coheiviit  j 
of  the  colour  of  levigated  Lth&rgo,  easily  soluble  in  water,  having  an  ast 
tiiHte,  and  acid  reaction  ;  it  does  not  reduce  nitrate  of  silver  even  at  the  bgiljiy  | 
(Ludwig,  Arch.  Pharm,  [2]  cvii.  L) 

Dobereiner   obtained   a   basic   ferric  formate,  probably  6Fe*0*.OH'(re*)^, 
boiling  the  solution  of  a  ferrous  salt  with  formate  of  sodium. 

Formate  of  Lead,  CH'Pb'O*.  forms  anhj-drous  shining  rhombic 
isomorphouB  with  the  barium-aalt  (Heuaser),  having  a  sweet,  raetaliic,  asthn^ 
tnstc,  like  that  of  the  acutate,  aoluble  in  36  to  40  pt«.  of  water,  but  insoluble  in 
alcohol ;  this  lost  cliaracter  affords  a  means  of  eeporatiMg  formate  of  lead  from  tk 
acetate.  Specific  gravity  4-66  (Bottler  and  Giesecko,  Jahresber.  f.  Cbwa.  IWO, 
p.  17).  It  deeoroposea  when  hoate«l,  giving  off  a  watery  liquid  having  a  dissign«*bu 
odour,  but  no  acid  reaction.  Gobel  obtained  n  formate  of  lead  cootaJtiing  1  at  wtiet 
(Cr*H»Pb''0*  +  H*0).  which  it  gave  off  at  100°  C. 

Formonitraie  of  Lead,  3C»H*Pb''0*.Pb"N"0*  +  2H»0. — Obtained  by  dissolving 
formate  of  lead  in  a  hot  nearly  saturated  solution  of  the  nitrate,  and  coohng  slodv, 
in  laiige  rhombie  cryeUils,  permanent  in  the  air,  and  sparingly  soluble  in  onjd  ▼»!«. 
(Lucius,  Ann.  Ch,  Pharm.  ciii.  113.) 

Forma tr  of  Z  i7 A rMw.CHLiO^— Rhombic  crystals,  haTioff  the  fac«  cdP  .  •?«. 
P  .  Pw  .  2r».     Inclination  of   «P  :  qoP  -  113°  52*;  !*«>  :  Pw  over  the  pnnripJ 
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ftxis  r=  \(iff>  tft;  3^«:SP«i  over  U10  priadpal  axifl  i>  91*'  48'.  (HAodl,  Wien. 
Ak^a.  Bor.  xxxii.  262.) 

Format*  of  MaffHetium,  C*H»Mg''0«  +  2H^.— CrysUlliMB  in  micpoacopic 
rhombk:  prism*  and  ocfAiiedroDfl,  efllor««ciDg  io  the  air,  soluble  in  13  pta.  mler, 
insoluble  in  akobol  fiQil  ether;  giree  off  it«  mter  t  lOO*'  C.  (Souchiijr  and 
OrolU  /.  pr.  Chem.  Ixxvi.  470.) 

Formate  of  ManparKte,  C*H*Mii"0*  +  2HK). — Reddish  monoclinic  mstAls, 
laomotphoos  with  the  foUoving  ealt,  and  exhibiting  the  («me  ftices.  Soluble  in 
15  pta.  cold  iraterr,  insoluble  in  alcohuL  When  bested,  thej  giro  off  water  aud 
enntUe  to  a  white  powder. 

I\trmaU  0/  Mtm^tfiete  and  BariunL,  CH'  +  2H*0.— This  ealt,  which  has  the  t^m- 
ftontioii  of  the  preoeding  with  an  iadefinite  portion  of  the  nuuiganeee  (Mq  ;  Ba)''0* 
replaced  by  banum,  crystaUisee,  on  erapotMing  the  mixed  eolations  of  ita  eomponent 
•alia,  in  uunnclinic  crysuiji  exhibiting  the  oombinntiun  oeP  .  oP  .  ooPoo ,  [  »?«  ]  . 
+  P  .  -t .  +  2P« .  Ratio  of  oxee  a  :  A  :  o  =  0  7o98  :  1  :  0-9175.  Angle  A  .  c  «. 
82*28';  00 P  :  obP  in  the  orthodiagonal  principal  section  -  lOfi"  4";  oP:  +P  => 
120°20';oP:ooP  -  94°  33-;  oP  :  ^.2P«  -112' 39r;  +P:  +P  =  93«  U';  +P:^P 
-s  109^  39'.     Clearage  distinct  parallel  to  oeP.     (Henssert  Fogg.  Ann.  Ixxxiii.  37.) 

Formttttcf  Mtrcurg.—l.  Merntrou* Formate.  CH»(Hg»)''0^— Wten  merotiric 
aside  ia  diaaolTed  in  cold  oqioeoue  formic  acid,  containing  10  per  cvnt.  of  the  acid 
(CH'O'X  »nd  a  gentle  heat  applied,  the  solution  suddenly  wJidiHe*.  with  intunjescence 
and  eecape  of  carbonic  anhydride,  ^-ieiding  a  micaceoos  masii ;  this  «if(H:t  is  due  u> 
tbe  aepiOHtion  of  the  merctirous  salt  formed  by  the  action  of  the  formic  acid  on  the 
inercttric  oxide.  At  first,  a  solution  of  mercuric  formate  is  pn^duced,  but  on  the 
applieiitiun  of  beat,  2  at.  of  this  salt  are  resolved  into  2  aL  mereuxooa  formate,  1  at. 
free  funute  acid,  and  1  at  carbonic  anhydride : 

SCTI»Hg''0*  -  C»H'(Hg«)«0«  +  CH«0«  ■»-  CO*. 

As  formic  acid  is  Mt  fnt  in  this  proeeas,  the  liquid  separated  frvm  the  crystals  of  the 
mercurous  wilt  may  be  again  saturated  in  the  cold  with  inercnric  oxide,  and  then,  if 
gently  hcuittKl.  it  will  yield  antithor  crop  of  crystals  of  the  mcrcurous  sjilt.  If  the  mer- 
enric  solution  be  too  strongly  heated,  tbe  crystals  turn  grey  fh>m  admixture  of  mercury, 
and  if  a  still  stronger  heat  be  applied,  nothing  but  metallic  mercury  is  precipitivted. 
The  crystals  must  be  dried  between  bibulous  paper  at  a  temperature  between  SO** 
and  40°  C.  They  are  delicate  microscopic  four  and  six*sid^  tables,  snow-white 
with  a  pearly  lustre,  and  greuey  to  the  touch  ;  their  taste  is  saline  at  Arst,  but  afier- 
warda  metallic  and  aetringent.  They  blacken  when  exposed  to  light,  especially  if 
moist,  aod  liki^wise,  thoi)(;li  mure  slowly,  in  the  dark.  They  are  decompised  by 
pressure,  or  by  a  heat  of  1U0°,  into  mercury,  carbonic  anhydride,  and  formic  actd : 

CH»Hg«0*  =  Hg»  +  CH*0»  +  C0». 

When  heated  in  a  spoon,  they  are  suddenly  decompoeed,  witli  a  hissing  noise,  and 
leaTe  metallic  mercury.  Tbdr  aqDeoue*  solution,  when  continuously  heated,  gives  off 
carbonic  anhydride,  and  depoiita  all  the  mercury  in  tbe  melallic  stale,  tbe  liquid 
being  conTozted  into  a  solution  of  pure  formic  acid  (us  shown  by  the  preceding  equa- 
tion). The  crystals  dissolve  in  520  pts.  of  water  at  17°  C. ;  morr  nbnndantlr,  but  with 
incipient  decompoeition,  in  warm  water;  and  are  insoluble  in  alcohol  and  ether. 
(OobeL  N.  Tr.  vi.  1, 190;  Liebig,  Pogg.  Ann.  iu.  207.) 

2.  Mercuric  Formak. — Tbe  solution  of  mercuric  oxide  in  cold  dilute  fonnic  ncid  yields, 
with  potivh,  a  precipitate  which  is  yellow  at  first  and  with  ammonia  a  white  precipi- 
tate ;  but  eyen  if  kept  cold,  it  likewise,  after  a  few  minntcB,  depoaita  crystids  of  Uie 
merenrons  salt  (Gobel).  The  finely  pulverised  oxide  dissolvvs  in  the  cold  concen- 
trated acid,  forming  a  sympy  solution,  which,  if  left  in  vacuo  orer  oil  of  vitriol, 
dries  op  to  a  white  crystallo-granular  mass,  soluble  in  water.  This  mass  is  likewise 
converted,  by  the  slightest  rise  of  temperature,  into  white,  aciodar  morcuroos  formitte, 
carbonic  anhydride  being  at  the  same  timeevolred  and  formic  acid  set  free.  (Liebig.) 

Formate  of  Methyl. — See  Foaiao  Ethbbs. 

Formate  of  Nickel  cryirtallisM  in  hydrated ^reen  needles  grouped  in  tufts;  they 
an  TSjy  soluble  in  water,  and  turn  yf'llow  in  drying. 

Formatrt  of  Potatiium. — 1.  The  nft«/ra/ m//,  CHKO*,  crystnllisea  with  difB- 
culty  in  white  transparent  cubes,  baring  a  saline  bitter  taste.  They  are  anhrdn-jim. 
deliquescent,  and  vory  soluble  in  water.  They  decrepitjite  when  heated,  and  at » 
higher  temperature  m«>lt  to  a  liquid  which  solidifies  on  cooling. 

2.  Arid  taU.—k  solution  of  ncntral  fnnnate  of  pcita«*itim  in  hot  eonrentrafed 
formic  arii  yields  according  to  Bineau  (Ann.  Ch.  Phys.  [3]  xix.  291,  and  mi.  1^3), 
crystalline  needles  a&  it  coola     Tho  mother-liquor  evaporated  in  Titcuo  over  sulplnirie 
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Rcid  and  caufstic  potAsh  yielded  a  crytttnlline  tnttan,  part  of  vhioh  wu«  WH.  in  tiicqo,  n 
long  u  it  emitted  any  odour  of  foniiic  acid  :  (inotlier  portion  was  diaeolred  in  dootiG) 
a.nderAporat«d  to  diynens  in  vacuo.  These  three  prppamtions  coutaioed  ibrmie  acid 
and  potash  in  the  proportioa  indicated  by  the  fonnulM,  CIlKO*.CH-0',  but  the  fliM 
alao  containpd  2-6  pfr  cent,  of  wafor,  the  second  7 "6,  and  th^  third  110  per  «eflL 
The  salt  bos  a  strongly  »oid  tnsto,  and  is  highly  deliqueertDt.  By  »oltiUon  in  a  hrff;t 
quantity  of  wator  and  evapomtioQ,  it  ia,  for  the  moat  part,  oonTer1«d  into  the  Baoteil 
Bait.     When  kept  for  some  time  in  vacuo,  it  gives  off  part  of  ita  add. 

Formate  of  Silver,  CHAgO'. — Oxide  of  silver  is  instantly  rc<duQed  by  heat^ 
formic  acid,  but  the  cold  acid  dlBsolves  it  without  decompctsition  ;  by  evaporating  tht 
aolntioD,  the  salt  is  deposited  in  tranaparent  rhombobedral  crj-atds.  It  liltew 
separates,  on  mixing  moderately  strong  solutiona  of  nitrate  of  silver  and  fonoate  al 
sodium,  in  small  aliintng  white  crystals,  which  under  the  microacope  exhibit  tbfftvn 
of  four  or  aiz-sided  plates.  From  very  strong  solutions  the  salt  8«pan»tea  as  »  en^ 
precipitate. 

Forninte  of  silvflr  quickly  tarns  black  even  in  the  dark,  especially  if  mcitit. 
heated  it  is  immrdiately  resolved  into  carbonic  anhydride,  metallic  silver,  And  : 
add.     Potash  decomposes  it  immediaiely,  with  evolution  of  heat,     (Liebig.) 

Formatf9  o/  Sodium,— \.  The  anht/drout  ntutra! aait,  CHNaO*  crystalliaes ia 
rhombic  prisms  with  bevelled  lateral  £ace«,  which  melt  at  20QP  C.  are  modenlcty 
Bolnble  in  water,  less  in  alcohol,  insoluble  in  ether  (Sonchay  and  Groll,  J.  pr.  CboBk 
Ixxri.  470).  A  hydnited  salt,  CHNbO»  +  H*0,  was  obtained  by  G^bd,  and  IT  " 
"by  Sonchay  and  Groll,  in  rhombic  tables  with  bevelled  lateral  faces,  or  flat  fon 
ftianif^  melting  in  their  water  of  (rystalitsation,  then  giving  it  off  with  ■trong 
aMMMOoe^  and  aftflrwards  solidifying  to  a  pearly  anhydrous  masa.  These  h]  * 
oystala  are  ddiqnescent  and  soluble  in  2  pts.  water.  Formate  of  Bodiom 
yield  any  acid  distiUate  when  strongly  heated. 

The  solution  of  this  salt  is  used  by  Dobereiner  to  precipitate  memny,  nlver,  goU. 
palladium,  and  platinum  from  their  solutions  in  the  metallic  state,  and  thus  to  aepBitt 
them  from  other  metals.  The  dry  salt  may  be  used  as  a  reducing  agent  in  Uov;^ 
experiments. 

2.  The  add  sa/t,  obtained  by  dissolving  the  nf^ntral  salt  in  strong  aqtieoaa  fttnic 
and,  and  evaporating  in  vacuo,  forms  ill-defined  crrstals,  containing  scia  and  tint  ta 
the  proportion  represented  by  the  formula  CHNaO*.CH^O' ;  they  aliN>  contain  7  wr 
cent  of  water.  The  properties  of  this  salt  are  similar  to  those 'of  the  coReapobdag 
potassium-salt     (Bineao.) 

Formate  of  Strontium,  C*H'Sr''0*  +  2H'0.— The  statenaenta  of  diffcTett  ••b- 
•erven  respecting  the  crystalline  form  of  this  salt  dn  not  quite  agrer.  Aecotdiagle 
Kopp  {Kri/stnllogrophif,  p.  Iii4),  it  forms  cry>=talH  belnugiiig  to  the  dimethc  or  qtwl- 
nitic  system,  for  which  €  =  1'177;  P  :  P  in  the  terminal  edges  =  106°  23';  in  the 
Jnterul  edges  =  118**  30' ;  Pco  :  Pco  in  the  terminnl  ed;,'!*  =  98°  48';  in  the  latenl 
ed^ps  133°  48'.  Ordinary  eombioation  P  .  oP  with  2Poo  subordinnte  ;  or Pwith  P«. 
which  then  occurs  hemihedrally,  and  often  as  the  dominant  form.  According  le 
Heusser,  oa  the  other  hand,  the  salt  ciystaUises  in  transparent  six-sided  prinu  he- 

bngiing  to  the  tiimetric  or  rhombic  system,  with  the  faces  oeF  ,  Poo ,  qpP«  ,  -,    aidl 

jjig  P 

-^  the  two  hemihedral  forms  occurring  on  opposite  sides  of  the  OTatal  (  -^  =  ^'^ 


2t*2       ,       P     ..t       2^2,  ,    , 


not  being  inTariably  attached  to  dther  nda. 


Batio  of  axes  o  :  6  :  c  -  0'6{>761  :  1  :  0  5£H94.*    Inclination  of  aoP  :  odP  =  117^M^ 
^00  :  !^xi  over  the  principal  axis  =   118°  30'.     According  to   Pasteur  (Ana.^^^| 
Phys,  [3]  Udti,  67),  this  salt,  though  it  exhibits  non-superposible  hemihedral  M^l 
(which  muy  be  distinguished  as  right  and  kft),  differs  from  other  eoilta  whidi  exhibit 
this  peculiarity  (the  daxtro-  and  laDVo-turtrates  for  example)  in  two  respects:  finir,  iti 
Holnlion  does  not  deflect  the  plane  of  polarisation  of  a  ray  of  light;  and  secondly,  on  re> 
crystalliaing  either  the  right  or  the  left  variety  of  the  salt  crystals  of  the  opposite  kind 
are  always  obtained  mix^  with  those  of  the  original  variety.     Bat  aooordiw  to  E. 
Jacobs  en  (Pogg.  Ann.  cxiii.  493).  the  development  of  the  hemihedral  fkcesdmnd* 
altogether  on  the  presence  of  foreign  substances  in  the  solution  ;  a  small  qnaatt^  d 
free  formic  acid  favours  their  development  and  on  rscrystalliaitig  the  salt  sermi 
times  from  pure  wiiter,  ihey  gradually  disappear.     Jawjbsen  finds  also  that  carefhflf 
Sf-lected  herailn-dral  crjsCuls  of  either  variety  never  yield  the  opposite  variety  (■ 
recry«lallieafjr>n.     Crj-stals  of  the  salt  prepared  with  formic  acid   obtained  br  'he 

*  hi  twq  nt  lU»e  ue«  AV1IM  VmA  %\\t\\V\'i|  Vt\\eut;t.b.  Ihc  rerm  it  rtry  nearly  ^iiadrtllc. 
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oiDdAtioci  of  Btarch,  wb«D  pkced  «o  that  aa  oltoM  edge  of  the  prima  oeP  ii  tarofd 

p 
to  the  obocirer,  exhibit  for  th»  most  put  the  fiac«  -  to  tlie  left  point  abore  (of  th« 

•baerrw),  whereaa  ctyBtals  of  the  aame  salt  prepared  with  formic  acid  obtain <-d 

P  .  . 

ftom  oxaEc  acid  and  glycuriii  exhibit,  for  Uie  most  part,  the  face  -  to  the  right  point 

ftbore.    (Jftcobsen.) 

Faiaata  of  etrontium  is  soluble  in  water,  pennaiieDt  is  the  air,  and  crumbles  to  a 
vhit0  anjbjdroiu  powder  when  heated. 

Farmatt  of  Tetr^L—S^e  Fobidc  Etbmwl 

Forma t«  of  Thorinum. — A  solution  of  hydrate  of  (horinum  in  aqTieous  formic 
■cid  ]ri^da,  bj  spontaneous  eTaporation,  crystals  vhich  form  a  dearaolutioain  boiling 
water,  but  when  digested  in  cold  water  form  an  acid  tolation  and  leave  a  basic  salt. 
Aloohol  difleolvea  them  but  spannglj.     (Berselius.) 

Formates  of  Tin. — Stannout  Formate  is  sometimee  a  white  insoluble  powder, 
which  tarns  black  at  first  when  igniti-d  ;  sometimes  a  gclatinoos  mjisa  wliidi  is  difla<-till 
to  dry,  and  &om  which  alouhol  precipitates  a  whit«  puvdvr.     (A  rf  rediion.) 

Stknnie  Fvtmate. — Aqueous  teLrachlorido  of  tin  mixed  with  formiit<3  of  scxliiim 
dota  not  become  turbid  till  the  mixture  is  heated ;  it  then  becomes  white  and  gclnti- 
WNii^  and  aiter  a  while  the  precipitate  assumes  a  crystalline  character  (L  i  e  b  i  g).  The 
^eid  doM  not  dissolve  atannie  oxide,  even  when  heated. 

Form  a  tea  of  Uran  iunu — 1.  Uranov*  frmMie. — Protochloride  of  amuium  yields, 
vith  formate  of  sodium,  a  green  precipitate,  which  dissolTca,  with  green  colour,  in 
excess  of  the  sodium-salt,  and  does  not  reappear  on  further  addition  of  chloride  of 
uniXiium.  But  on  beating  the  mixture,  it  becomes  turbid,  and  deposits  a  greyish 
gireen  body  containing  uranous  oxide  and  formic  acid.  The  colourless  liquid  filtered 
Ixom  this  subetanco  contaiiia  a  large  quantity  of  fumiic  acid  and  but  little  uranium. 
(Rammelaberg,  Po^  Ana.  lix.  34.) 

Untmc  Formate. — l^cryatallisable,  glutinous  mass,  which  becomes  moist  on  expo- 
sure to  the  air.     (Hichter.) 

Formate  of  Vanadium, — Hydruted  Tunadic  oxide  dissolves  in  aqueous  formte 
acid,  yielding  a  blue  solution,  which  on  eraporstion  leaves  a  bhie,  opHque,  aalin* 
ynaaa,  easily  soluble  in  water.  The  aqueous  solution  remains  blue  if  it  ct^ntains  a 
»light  excess  of  acid ;  but  as  this  acid  evaporates  in  the  air,  the  solution  turns  green. 
(Berxeliui.) 

Formatt  o/ Zinc,  {?H*Za*0*  +  2HT). — CrystAlliuM  by  erapomtiiin  in  mono- 
clinic  prismH,  iHonicir]>hou8  with  the  nuvnijauese  and  cadmium  salts,  and  exhibiting  the 
faces  (»P,  oP,  +  P.  +  '2P  00,  ooPoo  .  Ratio  of  axes  a  :  *  :  c  =  0  78627  :  1  :  Ott3130. 
Angle  of  inclined  axes  «  82**  41';  »P  :  oeP  -  104°  32';  oP  :  +  P  =  ISO"  4'; 
oP:  •?  -  94*  28';  oP  :  +2P«  -  Ua"  14';  +P;  +P  -  93°  It  (HeusserJ, 
The  crystals  are  permanent  in  the  sir,  Sfduble  in  24  pt*.  wnter  at  19°  C.  insoluljle  in 
aleohoL  By  dry  dibt illation  thoy  give  off  pungent  jntiammable  gius,  and  lujive  Einc- 
oxide  ODDtaining  chtuTutiL 

Formate  of  Zinc  and  Barium,  C^H*(Ba ;  Za)''0*,  forms  crjstala  belonging  to  the 
tridinie  syHtem.     (Housser.) 

IfOMtSlC  STBSKS.  Compounds  derived  &om  formic  acid  by  the  Bubstitntion 
of  an  aloohol-radicle  for  the  basic  hydrogen.  Four  of  them  are  known,  all  derived 
from  alcohols  of  the  series  C''H^'''  0,  viz.  the  fonoatea  of  methyl,  ethyl,  tetiyl,  and 
aajL 

Formate  of  Amyl.  CTI'*0*  =  CHCC*H")0»  — This  compound,  isomeric  with 
capric  acid,  and  with  valerate  of  methyl,  butyrate  of  ethyl,  etbylat©  of  tetryl,  and  pro- 
pionate of  trityl^  is  obtained  by  distilling  6  pts.  anhydrous  formate  of  srjdium,  6  pta. 
wtxaau  sulphuric  add,  and  7  pta.  amylic  alcohol;  mixing  the  distillate  with  water; 
washing  the  Beparaf«d  liquid  with  solution  of  carlionata  of  sodium,  then  with  wnter; 
drying  over  chloride  of  CHldum,  and  rwjtilying.  It  is  a  colourless  mobile  liquid,  having 
an  agreeable  odour,  like  that  of  ripe  fruits.  Specific  gravity  0-&743  at  21**  C.  (K  o  pp ) ; 
0-8809  at  16'^,  referred  to  water  at  4^  as  unity  (Mendelejef,  Compt.  rend.  I.  62^ 
Boiling  ^int  about  116'^.  Slightly  eoluble  in  water;  when  kept  in  vessels  containing 
Air  it  quickly  turns  acid.     (H.  Kopp,  Ann.  Ch.  Phann.  Iv.  183.) 

CUorttmtfUo  Formate,  C*H'*C10*.  Syn.  with  CtiLoaocaaBOlcATX  o»  Amtl 
(L  916). 

Formate  of  Butt/l. — See  Forxatb  of  Tbtrtl. 

Formate  of  Ethyt.  CH'O*  =  CH(C?H»)0».  Eihiflie  formate.  Formic  ethrr. 
Amciunaiker,   Anuisainaphta.     (Gm.  viii.  4S2 ;  Gerh.  i.  234.)-  This  ether,  isomeri* 
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with  propionic  add  wid  acetate  of  methyl,  was  diBcoTcnKl  by  A£EeUiu  of  Upal,  it 
1777  ;  exarained  soon  afterwards  bj  Bucbolz,  aud  by  GeLleQ,  and  more  exactly  by 
Pobereiner,  Liobig,  Marchand,  Lowig  and  Weidmann,  and  H.  Eopp.  It  i»  obuio^t 
by  distilling  alcohol  with  strong  formic  acid,  or  formate  of  aodium  and  snlphohe  acid, 
tod  by  the  decompoeition  of  oxalic  ether. 

PreparaHon. — 1.  By  distilling  7  pta.  of  diy  formate  of  aodiom  with  a  mixtniv  of  6 
pto.  of  highly  rectified  spirit,  and  10  pts.  atroog  Bulpburic  acid ;  agitating  th*  diahUatu, 
if  acid,  with  magneda;  separating  it  from  alcohol  by  agitation  with   wat<x,  tbea  d(» 
eantbg  the   ether  and  rectifying  it  over  chloride  of  calcium  (Dobereiner).     On 
mixing  the  three  ingredients,  heat  is  evolved  sufficient  t«.t  distil  over  all  the  formic 
ether.    The  distillate  ia  agitated  with  an  equal  volume  of  milk  of  limie,  and  the  fonnie 
ether  evolred  as  above  is  uehydmted  by  chloride  of  caldam,  after  separatioD  fton  the 
lower  stratum,  the  chloride  of  calcium  being  renewed  as  often  as  »t  becoom       "'^ 
after  which  the  ether  is  simplr  decanted  off  (Liebig).     H.  Kopp  uses  8  pt*. 
Toatfl  of  sodium  to  7  pts.  alcohol  of  88  per  cent,,  and  11  pts.  Hulphnric  acid,  condi 
the  process  in  other  respscta  in  the  sanje  nuinner  as  Liebig. — 2,  A  mixture  of  30 
•ulphuric  acid,  15  pts.  water,  and  16  pts.  highly  rectifled  spirit  is  poured  npoB  so 
timate  mixture  of  10  pts.  starch  and  37  pt«.  very  finely  pounded  manganese,  and  the 
whole  distilled  with  gentle  ebullition  as  long  as  formic  eth^r  continue*  to 
A  large  quantity  of  chloride  of  calcium  is  then  dissolved  in  the  distillate,  « 
the  following  distillotion  over  the  water-bath,  the  pToatcr  part  of  the  wuler  and 
retained,  and  the  liquid  wbirh  passes  over  is  again  reetifl«d  with  chloride  of 

3.  Acid  oxalate  of  ethyl  distilled  witb  glycerin  at  100*'  C.  decomposes  simil 
oxalic  acid  when  similarly  treated  (p.  686),  yielding  formate  of  ethyL     The  impnrs 
ether  obtained  by  prolonged  digestion  of  oxalic  aad  with  aJcobol  oiay  be  osed  for 
the  purpose.     ^Church,  FhiL  Mag.  [4]  xL  16.) 

4.  Formic  ether  is  obtaiaed  as  a  secondary  product  in  the  preparAtaoo  of 
oxalate  of  ethyl.    When  700  grma.  dehydrated  oxalic  acid  (obtained  by  gently 

a  kilogramme  of  the  cry.'ilallised  acid)  are  mixed  with  750-800  grma.  absolote:       

or  spirit  of  97  to  98  par  cent,  and  the  mixture  distilled  in  a  sand-bath,  there  it  o^ 
tained  between  145"  and  186°  C.  a  distiiliito  containing  formate  and  oxulate  of  cthji 
together  with  small  quantities  of  carbonate  of  ethyl  and  alcohol,  and  above  186°  purr 
oxalate  of  etliyl.  The  mixture  just  mentioned  may  be  separated  by  fractional  dittil- 
lation,  the. formate  of  ethyl  passing  over  between  66"*  and  75".  (Lowi^  Aan.  Ot 
Ph«.  [3]  Ixiii.  464 ;  Jabre*ber.  f  Chem.  1861,  p.  697.) 

properties. — Formic  ether  is  a  thin,  transparent  and  ooloorless  liquid.  huxBg  a 
strong  agreeable  odour,  like  that  of  peach-kemels,  and  a  atronglr  aromatic  taste;  4i 
specific  gravity  0[>lo7  at  IS^*  C.  (Oehlen);  09188  at  17" ;  0  9984  at  0^  (H.  Kopp); 
O0677  at  0' (Pierre).  Baih  at  54°  (R  Marcband);  at  66^,  und<r  a  prpeBureof 
27'7"  (Dobereiner);  at  549°  with  platinum  wire  immersed  in  it  (H.  Kopp);  U 
62-9°  under  a.  presaurc  of  752  mm.  (Pierre);  at  64*3  under  a  pressure  of  762  mm. 
(Andrews).  Tension  of  vapour  at  230  —  8-2  inches  of  mercury  (Doberein«rl 
Vapour-density  =  2-693  (Liebig);  by  calculation  (2  vol.)  =  2  565.  It  bonis  with 
a  blue  £arae  yellow  at  the  edges.  It  dissolves  in  9  pta.  water  at  18'^  C,  ahsoibs 
moisture  quickly  from  the  air,  and  is  slowly  decomposed  thereby  into  alcohol  sad  ^ 
formic  add;  it  mu5t  therefore  be  kept  over  chloride  of  calcium.  In  preoenc*  of  alUk^l 
the  decomposition  takes  place  more  quickly.  Formic  ether  mixes  in  axL  proportiosc^^^H 
alcohol,  etlier,  and  wood-spirit,  and  with  many  oihi,  both  tixed  and  volablik.  Ran^ 
with  dry  ammonia  in  sealed  tubei<.  it  is  converted  into  formamide  (Hofimans,  p.  081> 
With  chtorinr  it  yields  substitution  products  {viJ.  inf.). 

Chiorcihyitc  Formate,  C*H»C10*.— Identical  with  chlorocarbooate  of  ethyl  (L  91SV 

DiekloreihifUc  formate,   CH*C1'0*  -  J^^UiO—^^**"^"  "P^'^J  ■**■«'■*■■■ 
ether,  producing  hydrochloric  acid  and  dichlorethylic  format* : 
C'H'O*  +    2C1»  =  C»H*C1»0«  +    2HCT; 

t<>pe(hpr  with  formic  acid  and  chloride  of  ethyl,  resulting  from  the  artion  of  the  hydi*- 
fldoric  »cid  on  the  formic  ether.  The  product  is  distilled  slowly,  the  tempenUnn  aflt 
being  allowed  to  exceed  90°  C. ;  at  105°  the  mixture  would  turn  brown.  The  ren^ 
ifi  poured  into  water,  and  the  oil  which  rises  \o  the  surfecfl  is  dried  in  raruo.  It  b 
soluble  in  alcohol  and  ether,  but  is  decomposed  by  water.  Specific  gravity  =  1-MI  iS 
IB*  C.  It  cunnot  be  boiled  without  decomposition.  Aqueous  potash  atta^itrewdHj, 
producing  chloride,  acetate,  and  formate  of  potassium: 

C«H*C1'0*  +    2K110  =   2HC1   +  C'H'KO'   +    CHKO*. 

S^chlorcthiflic  formate,   C»a»0'  =  ^?^,jo.— This  compoimd.  produced  hj  tkr 
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■ctJon  of  chlorioe  on  fbrmie  ether  in  ninBhine,  hu  exactly  t)ie  same  composition,  pro> 
pezties,  and  reactions  aa  perchloromethjlic  acetate  obtained  in  lik^  taHnner  bj  the 
action  of  chlorine  oo  acetate  of  methjl  (L  24) ;  in  fact  the  two  eompoucda  appear  to 

*ormatt  of  Metkj/l,   C«H«0«  -  ^?W     Metkjflic formatt. -This  compound. 

leric  with  acetic  acid,  wbm  first  obtained  in  1835  by  Dnmas  and  Peligot  (Ann. 
Ch.  Pbys.  [2]  Iviii.  48).  To  prepare  it,  equal  parts  of  stdnhat*  of  methyl  and  formate 
of  aodiumare  gently  heiit^d  in  a  distillatory  appunitiis.  As  soon  aa  the' action  begina, 
the  maas  becomes  spent aneou^ily  heated,  and  methylic  formate  pames  orer  in  a  nearly 
pare  state  into  the  receiver,  which  should  be  well  cooled.  The  methylic  formate, 
irhich  afterwards  passfs  over  at  a  higher  tempflrmture.  is  contaminated  with  a  littlo 
methylic  sulphate.  The  distillate  thua  obtained  is  rectified  orer  formate  of  sodium, 
-and  then  oace  by  itself  in  a  dry  retort  In  this  manner,  a  perfectly  pore  product  ia 
obt&ined.  This  compnnd  is  not  obtained  by  distilling  w<K>d-apint  and  formate  of 
•odium  with  sulplmric  ocid. 

Formate  of  mi'thyl  is  a  transparent  and  colourless  liquid,  lighter  tluin  water,  Tcry  I 

Tolatile,  and  having  an  ethereal  bat  rery  pleasant  odour.     Vapour-density  —  2"0iS4  I 

(Dnmas  and  Peligot);  by  calcuktion  (2  vol.)  —  208.  Boils  betw«t>u  36°  and 
380  Q, .  sBiella  like  formic  eth  er.     (L  i  e  b  i  g.) 

CUorowutkiflie  formatt,  CH*C10*.— Identical  with  chlorocarbonate  of  methyl 
(l  »l«).  I 

FtrcUoromeihyHc  formate,   CCl'O'  =  ^^^?J0,— To  prepare  it,  perfectly   anhy-  "j 

dious  methylic  formate  is  placed  in  a  bottle  filled  with  dry  chlorine  ^aa,  and  expoiksl  i 

for  Bome  days  to  the  sun  (the  action,  though  violent  at  first,  soon  diminishes  in  inten- 
sity), till  after  about  fourteen  days  the  colour  of  the  ehlorine  no  longer  diminishes.  J 
The  liquid,  which  is  coloured  by  free  chlorine,  ia  then  distilled,  the  portion  which  ' 
distils  over  below  190°  C.  nollectfid  apart^  and  rectified  seirer&l  times,  the  more  volatila 
portion  being  e»ch  time  collected.  'j 
It  is  a  transparent,  colourless,  very  thin  liquid,  of  specific  gravity  1724  at  10°  0.,  { 
boiling  at  180^  to  181'^,  and  having  a  strong  pungent  odour,  tike  that  of  phosgene,  i 
When  paasod  in  the  state  of  viipour  through  a  tube  heated  to  340** — 360,  it  is  converted 
almost  wholly  into  phosgene  gas,  with  which  iode«d  it  is  polymeric  Aqureos  ammonia 
acta  violently  upon  it,  forming  white  nacreous  tricfaJoracetamide  and  aal-ammoniac, 
and  probably  a  third  product.  Potaah,  even  when  hot  and  concentrated,  caerta  scarcely 
uny  decomposing  action.  Alcohol  decomposes  it,  with  formation  of  chlorocarbonate  of 
ethyl ;  metnylic  and  amylic  alcohols  form  simiLir  products,     (Cahours.) 

i''or)iia<flo/rr«ry/,C*H'»0««^^[o.— Discovered  by  WuTtt(Ann.  Ch.  Phann. 

xdii.  121).  Isomeric  with  valeric  acid,  with  bufy rate  of  methyl,  propionate  of  ethyl, 
and  acetate  of  trityl.  It  is  prepared  by  heating  formate  of  silver  with  somewhat  ieea 
than  an  equivalent  quantity  of  iodide  of  tptt7l  in  a  eealed  tube  in  the  wiitcr-hath  for 
aeveral  hoarH,  then  distilling  ofiF  the  volatile  product,  washing  with  sodic  carlxtnate, 
drying  over  chloride  of  caldum,  and  rectUying.  It  is  a  fnignint  liquid,  boiling  at 
about  lOO**  C. 

rommomwrrnnuAXt.   SeeMETETx.Ai. 

X'0KM09rAPBT&&z.I]>a.    Syn,  with  NAPBTBTi-POiWAinna  (p.  681). 

rOKXOVKTix.  C*H*»0"?  (HlasiwetJS,  Wien.  Akad.  Ber.  xy.  142Y— A 
substance  obtained,  together  with  glucose,  by  the  action  of  hot  hydrochloric  or  boiling 
<lUute  aulphnric  acid  on  ononin,  C^H^O*^  (q.  v.): 

Qa^mQT7  „   C*H**0"   +   C"H'«0"   +2H*0. 

It  may  be  purified  and  obtained  quite  white  by  crystallisation  from  strong  alcohol, 
or  1^  solution  in  ammonia  and  partial  precipitation  with  hydrochloric  acid.  From  the 
bet  alcoholic  solution  it  Beparate«  in  Bm^ill  crystala.  it  is  nearly  insoluble  in  wafer 
and  in  ethor,  dops  not  precipitj«e  metallic  stalls,  or  colour  ft^rrie  chluride.  Fixinl 
alkalis  disjsolve  it  and  decompoee  it  at  the  boiling  heat.  By  sulphuric  acid  ivuH  por- 
oaide  of  manganese  it  is  coloured  violt'-t.  By  boiling  with  baryta- water  it  is  resulvMl 
into  formic  acid  and  ononetio,  CH**©" : 

CH-O'*   +   4H'0  =.  2CH»0'  +   a»H'*0" 

rOKMOzrXTRX^B.    Syn.  with  MToaocYAKic  acid  (p.  214.) 

TOKKtOltM,  aATZO]«rAZHi--Chemists  are  accustomed  to  distinguish  brtwoen 
two  differrnt  kinds  of  forraidte;  namely,  f-mptrical  formula  and  rational  formula. 
Theae  •emiB  were  first  introduced  by  Berzelioa  ^JaWsber.  [1833]  xiiL  189,  Fogg 
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Ann.  xxviii.  617;  Ann.  Cb.  Phys.  lir.  6 ;  abstp.  Ann.  Ch.  Pliarm.  ri.  173) ;  tlj«  (onui  19 
denote  fonntiisp  which  "  rrsalt  immediutelj  from  an  exact  analysis  and  are  inTarLable:" 
the  tatter  to  denote  fonnnbe  which  "  are  designed  to  gire  an  idea  of  the  two  eleOtw- 
chiinically  opp^'site  bodiea  of  which  the  compound  u  regarded  as  coostitutMl ;  tliat  m 
to  Bay,  to  render  eTident  the  electro-chemical  dirisioa  of  the  body  •abmitted  to 
analysis."  The  meaning  now  attach*^  to  tbwe  pjcprewijona  i»  only  k>  Ur  dxttettJit 
from  their  original  meaning  aa  hpw  defined,  (hats  with  the  growth  of  new  thtforiat  of 
chemical  constitution,  the  signification  of  rational  formula  haa  been  widened  aa  a*  bo 
longer  to  denote  the  representdtion  of  substances  on  the  ♦lectro-chemical  theory  only, 
bat  so  that  a  formula  which  expreeaea  any  Tiew  whatever  respecting  the  oonst-itatioo 
t>r  nature  of  a  Bnbntance,  beyond  what  rcaolti  directly  from  its  anaiyeis,  i»  now  called 
a  racional  formnla. 

Empirical  formula?  being  merely  expressions  of  the  nsulta  of  analyms  in  tenas  <d 
the  atomic  weights  of  the  elemnnts  (or  more  strictly  speaking,  in  terma  of  the  TahtM 
represented  h^  the  elementary  srmbols :  which,  however,  are  always  taken  in  tiiii 
work  as  standing  for  atomic  wciglits),  all  that  is  required,  in  order  to  fix  the  onpirial 
formula  of  any  eubetance,  is  thut  the  atomic  weights  of  the  elements  ahonld  have  been 
determined,  and  that  the  substance  itself  should  have  been  accurately  analvaed.  Such 
formulae,  therefore,  can  never  become  the  subjects  of  discoasion,  or  of  dlfTeranoM  rf 
opinion  ;  except,  indee<l,  in  cases  where  the  experimental  data  are  incomplete.  With 
rational  formulffl,  on  the  other  hand,  it  is  very  different.  A  perfect  rational  formnla 
wfiuld  11  mount  to  a  complete  statement  of  the  chemical  constitution,  analogi<%  and  rd*- 
tions  of  tha  body  whicn  it  represents,  while  the  simplest  of  such  formoUe  is,  by  its 
very  nature,  an  expression  of  something  more  than  the  direct  results  of  ezpetimoit 
It  is  obrions,  thrrefore,  that  the  rational  formula  of  any  substance  must  varj  with 
the  general  theoretical  viewa  which  ftom  time  to  time  exert  the  greatest  inflaeneeia 
chemical  science,  and  that  chemists  who  hold  different  opinions  with  regard  to  say 
fundamental  point  of  chemical  theory,  will  assign  different  rational  formohe  to  tl» 
same  bodies.  On  investigation,  howerer,  it  will  be  found  that,  in  reiy  many  esses, 
the  different  formiilBB  given  to  the  same  substance  do  not  represent  distinctly  difleKSt 
views  of  itii  cberoiciil  nature,  but  that  they  express  the  same  meaning  under  diffmot 
forms.  In  fact^  the  question,  what  is  the  rational  formula  of  any  given  subftanae? 
resolves  itself  into  these  two  different  parts:  (1)  what  is  its  chemical  fonctioo  ortti 
place  in  a  genera!  chemical  classification  ?  (2)  by  what  formula  is  this  function  iMst 
suitably  expressed  ?  In  this  article  we  shall  endeavour  to  show,  by  the  diwmswon  rf 
one  or  two  illustratire  examples,  the  manner  in  which  answerv  to  these  questbos  eu 
be  arrived  at. 

The  chemical  properties  of  compounds  of  the  lowest  order  of  complexity  appear  ta 
dt'pend  solely  on  their  chemical  composition,  and  hence  the  empirical  formuLe  whifl 
express  their  composition  are  at  the  same  time  the  only  ponsible  rational  fonaab 
which  can  be  given  to  them.  In  more  complex  compounds,  on  the  other 
the  chrmical  propfrtif»«  depend,  not  only  on  the  nature  and  proportions  of  1" 
mentary  constituents,  fcut  uIm  on  the  mode  in  which  these  eon^titnents  are  f 
Thus  acetic  acid,  Inctic  acid,  formate  of  methyl,  ethyl-carbonic  acid,  | 
methyl,  methyl-glycoUic  arid,  glucose,  and  some  other  substances,  would  ; 
same  results  on  analysis,  and  would  consequently  all  be  represented  by  the  same  i 
pirical  formula,  CH'O.  The  very  diflVrejjt  properties  exhibited  by  these  bodi 
all  composed  of  the  same  elements  united  in  the  same  proportions,  can  be  das  i 
nothing  but  to  diifurences  in  the  mode  or  order  in  which  tnese  elements  are  oombised 
in  each  of  them ;  and  although,  in  most  eases,  we  are  far  too  ignorant  of  the  manner  ia 
which  the  atoms  of  compound  bodies  are  grouped  together,  to  attempt  the  expmeoi 
of  it  by  the  arrangement  of  symbols  in  our  forraulsc,  sLiJ]  it  is  possible  to  indicate  to* 
pptit  extent,  by  means  of  rational  fomiulte,  the  different  cfaemiokl  chamcteristics  wliidi 
r«"<u]t  from  variations  in  the  mode  of  co(nbin»tioa  of  the  same  atoms.  This,  howevsr, 
can  be  done  only  by  a  comparative  method,  that  is,  by  selecting  a  certain  nnmbcr  of 
representativa  substttnces,  and  giving  to  all  other  bodies  formula  which  stuU 
express  the  nature  of  their  relations  to  the  substances  so  selected. 

In  the  artide  Ci^sstrrc^TioiT  (L  1010,  ei  aeg.)  it  has  been  shown  that  the  CsUoviof 
substances 

Ha  H^  H»N  R'C 

Hydrochloric  acid.  Water.  Ammoiitx.  Mar»b  gas. 

may  be  thus  taken  as  typical  of  all  compounds  of  the  simplest  order,  and  that,  by  th< 
riasumption  of  compound  radielea,  substances  of  great  complexity  may  also  be  oosopsasd 
with  them.  The  rational  formulie  adopted  in  this  work  amount  merely  to  BtateneBti 
that  the  substatices  represented  by  them  are  comparable,  so  far  as  regards  their  modes 
of  formation  and  transformation,  with  one  or  other  of  these  fundamental  types.  A*- 
turning;  at  present,  that  this  is  the  best  system  of  rational  formols,  the  fljort  qimliM 
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ttt  bp  mtiKiilep^l  — namely,  the  muinrr  of  def^rrainjiig  the  pUM  of  a  ittbilsnc  in  a 
grnrMl  Hrhrm<»  of  chemical  diitwiflcation  —  is  B«Ti  to  be  m  mtlity  a  dianusion  of  the 
t^iun.lii  apon  which  a  comp<mnd  is  referred  to  thia  or  tlut  type,  and  regarded  oa  con- 
'aitiiag  thia  or  that  compoand  radicle. 

ThA  rile*  which  are  practically  rccognUed  ty  chemiata  in  the  formation  of  rational 
innniila?.  will  b«  better  explained  in  relation  to  pturtienlar  inatancea,  than  by  attempting 
a  genml  exposition  of  thetn  which  ebould  be  applicable  to  all  eaae*.  Hippuhc  acid, 
fiir  example,  i«  lepresaated  by  many  chemiata  by  the  ntiouid  formtda, 

H> 

H 

y?e  will  proceed  to  consider  in  detail  the  meaning  of  this  ezpreaaion,  and  the  manner 
in  which  it  is  d«duced  from  tho  known  propertiea  of  the  sobetanoe  it  repreaenta. 

The  analysis  of  htppuric  add  leads  at  once  to  the  empirical  fonosla  C^H'NO* ;  and 
the  qoactit^  rcpreeentcd  by  this  expressioa,  is  that  which  resnlta  ftom  all  reactiona 
in  which  hippuric  acid  ia  formed,  as  well  aa  that  which  reacts  in  all  the  tnnaibnB** 
tions  which  thia  acid  ia  capable  of  undergoing.  This  formula  therefore  lopiMWlta,  not 
only  the  composition  of  hippnrieacid,  bat  alM>  its  molecular  weight  TheprincHMl  N>ae- 
tjona  of  hippuric  acid,  at  least  those  which  have  been  chiefly  kept  in  view  in  Oedacing 
the  rational  forraola  above  given,  are  expressed  by  the  following  eqiuations: 

Boetiona  of  formation  — 


7. 


CH'NO»     + 

cH«oa 

-    (?H«NO»    +    Ha 

GUcMC(ae.        Ctilotidf  of  benioT^I.    Hippuric  add. 

CH'NO'     + 

cmny^ 

-     CH»NO«     +     EH). 

CIrcocinc. 

Beaiulc  add. 

UJpptiric  add. 

transformatioQ 
C'H»NO»    + 

KHO 

-=     C«H'KNO«  -f      HH). 

Hipiiuric  add. 

HIppurale  «if  poUiiiun. 

OH'NO*    + 

WO 

=     C'H»NO»      ^     C^H*0» 

Hippuric  acid. 

Gljrcodne.          Boniolc  acid. 

CH'NO*    + 

E* 

=     CH'NO*      +      C'H«0. 

Hippuric  ikcid. 

Olycocio*.      Hjrdride  of  twnaoyl. 

CH'NO*     K 

NHO» 

=-   c»H*o*      +     ir»    +  H«0. 

Hippuric  add. 

BenxoRljcollie  add. 

C»H»NO»    ^- 

0» 

-    (TITON      +     2C0«  ♦  HK). 

Hlppurlc  add. 

Brnsamldt. 

p 

H  In  the  first  of  these  oqinitiona,  thnt  ri^prewnting  the  formation  of  hipparie  arid  by 

■        the  az-tion  of  chloride  of  b««neoyl  on  glycocine,  there  is  an  azotised  body  and  a  chloride 

on  each  aide  :  on  the  first  side,  glyrooine  and  chloride  of  bensoyl,  and  on  the  second, 

liipporic  acid  and  chloride  of  hydrogen  ;  and  on   looking  at  the  composition  of  theae 

tanbtitancefl,  it  is  seen  tha(  the  difference  between  glycocine  and  hippuncadd  ia  jostth* 
same  as  that  between  hydrochloric  acid  and  chloride  of  benaoyl.  To  azpreaa  theas 
relations  in  the  rationtil  formula  of  hippuric  acid,  it  is  plain  that  this  formula  most 
represent  hippuric  acid  as  heuring  the  same  relation  to  glycocine  that  chloride  of 
benaoyi  docs  to  chloride  of  hydrogen;  that  is,  it  must  represent  it  as  glycocine  wherein 
the  radicle  CrS^O,  benzoyl,  takea  the  place  of  an  at^om  of  hydrogen.  Similarly, 
eqtiAtioaa  2  and  4,  which  ttre  the  convene  of  each  other,  show  that  the  relation  of 
hippuric  acid  to  glycocine  is  the  same  as  that  of  bensoie  acid  to  water;  and  aqoation  6, 
that  it  ia  alao  th«  aame  as  that  of  hydride  of  benzoyl  to  hydride  of  hydrogen :  bat 
benzoic  add  is  to  water,  and  hydride  of  benzoyl  Lb  to  hTdride  of  hydrogen,  just  what 
chloride  of  benzoyl  is  to  hydrochloric  acid  :  these  last  three  equations  therefore  le^id 
(n  exactly  the  same  rational  formuU  for  hippuric  add  aa  tiie  first ;  that  is,  to  the 
formula 

C»E*((rH*0)NO», 

tor  an  eqtuTsJent  expression. 
Again,  equation  3  «how9  that  hippuric  acid  contains  an  atom  of  hydrofl:en,  which  ia 
ao  far  different  fpiim  the  rest  that  it  can  be  replaced  by  an  atom  of  another  metal  aa 
potassium,  while  nil  th*^  other  atoms  remain  in  unaltered  combination.  To  expresa 
this,  wo  must  further  break  up  th«  formula  and  write  one  H  separate  from  the  re- 
mainder. Here,  however,  the  question  nrisea,  how  is  this  result  to  be  combined  wiHi 
the  prerions  one.  Are  we  to  represent  this  exceptional  atom  of  hydrogen  as  belonging 
to  the  original  compound  glycocine,  or  to  the  raaide  booaoyl,  whidi  we  have  already 
admitted  aa  replacing  one  atom  of  hydrogen  ?  Th«  answer  to  this  question  ia  obtAined 
by  considering  the  properties  of  glycocine  and  diloride  of  bensoyl,  tho  rabataiXM&an 
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wliicli  hip^tmc  add  is  put  toicrether  in  the  rMt'tion  r«prr»ent«d  in  eqiuHon  1,  Qlro 
f  in?  contains  an  Rtom  of  h)drogf>ti  ivrlacoablo  l»y  nictuls ;  chloride  of  beasoyl  ctoet 
not :  hence  the  natoral  eonchiflioii  is  that  tbp  repluc«?»Me  hrdrogen  of  liipporie  And 
bc'lnnga  to  the  gljcociac  and  not  to  tho  beaxo^'L  This  is  exprewed  bj  the  fur- 
mula 

CHMI(C'H*0)NO*. 
whert?a«  the  oppowte  conelusion  would  be  wpresented  !)y  CH«(CH*O.H)NCP. 

?3qustion  6  states  that  an  iitom  of  hydrogen  and  an  atom  of  nitro^n  can  be 
removed  from  hippunc  acii  and  replaced  by  on  atom  of  oxygen.  The  byarogen>stoai 
thttK  remo-ved  appears  not  to  be  the  one  which,  as  we  hare  tdread}-  seen,  is  replaceable 
by  met&ls :  for  the  product  of  the  reaction,  benzoglycollic  ucid,  still  contains  a  aimiluiy 
replaceable  atom  of  hydrogen.  A  second  H  must  therefore  be  separated  from  the 
rest  in  the  formula  of  hippuric  acid,  and  thus  we  get  the  expresaioQ 
CH'.H.H(C^K))NO'. 

There  is  reason  to  believe  that  the  atom  of  bydio^n  in  glycocine,  whkh  can  he 
replaced  by  metals,  owca  its  special  characters  to  tta  being  in  more  direct  eombixtatioo 
with  one  of  the  oxygen-atoms  of  the  eonapouod  than  with  the  nitrogen :  hence,  if  the 
conclusion  arrived  at  in  the  List  paragraph  but  one  bo  admitted,  it  follows  that  the 
radicle  C*H*0  in  hippttric  acid  is  not  directly  combined  with  oxygen,  bot  ifl  piobabi; 
primarily  muted  with  the  nicrogen.  This  supposition  is  strengthened  by  the  rsaetkn 
represented  in  equation  7,  wher*^,  when  the  otiier  elements  are  completely  osidistd 
into  carbonic  anhydride  and  water,  the  bensoyl  and  part  ofthehydrt^en  remain  naitad 
with  the  nttrogeti  in  the  form  of  ben*amidc  This  can  be  expressed  in  the  rational 
formula  of  hippuric  acid  by  arraugiug  the  symbols  in  such  a  way  aa  to  repreaeot  !h« 
nitrogen  and  the  group  C'HK)  as  in  direct  combination ;  for  example,  thus — 

CH'0*H, 
where  the  atom  of  bydn^en  represented  in  direct  comhination  with  the  nitrogen  istJis 
one  which  is  displaced,  at  the  same  time  as  the  latter,  when  hippttrie  acid  is  acted  oa 
by  nitrons  add  (equation  6),  and  the  second  hydrogen-atom  written  apart  £naa  t2is 
rest,  in  the  lowest  line  of  the  formula,  is  the  one  replaceable  by  metals. 

There  is  still  the  group  of  atoms,  C'lPO*,  which  remains  intact  thronghovt  aOtlie 
transformations  hitherto  considered,  except  that  reprcs<>nted  by  equation  7i  wbeie  it 
is  completely  oxidiaed.  We  might  therefore  legitimately  regard  it  aa  a  diatooue 
ndide,  and  assign  to  hippuric  acid  the  rational  formala 

H  V 
CH*0    [N 

H   ( 

as  th«  one  which  expresses  all  its  principal  transformations.  But  the  adoption  of  ihu 
furmulii  for  hippuric  acid  would  involve  the  representation  of  glycocine  by 

^         )  W*       > 

'     '  and  of  glycoUicacid  by  (CB'O*)"* 
H 


H 
H 


} 


formuIfB  which,  though  expressing  sevend  very  important  relaticnfl  of  these  hodi#e,  B.-t 
only  do  not  indicate  the  possible  formation  of  Heintz'a  diglycolamtdic  acid,  C'H'TfO', 
and  triglycokmidic  acid,  CH'NO*,  or  of  the  diglyoollic  add,  OH'O',  discovered  br 
Wurtz  and  by  Helntz,  but  conceal  the  analogy  of  glycollic  add  to  lactic  acid,  whidi 
latter  cannot  be  represented  with  a  mdiclecont^iining  0*,  since,  by  the  action  of  peat*- 
chloride  of  phosphorus,  it  yields  the  chloride  C*H*0C1*.  For  these  reasoas,  a  foahk 
in  which  the  radicle  C-'H'O*  is  broken  np  thus.  C*H»0.0,  is  a  more  satisiketosy  wp» 
sentation  of  glycocine,  and  conseqaeuLly  of  hippuric  acid,  than  that  given  abof^  TbM 
we  come  finally  to  the  expression 

H 
C'H»0 
(CH'O)" 

H 


N 


O 


as  l^e  uWinttte  rational  formula  of  hippuric  add. 

If,  however,  we  eitead  our  consideration,  not  merely  to  the  txaofiformatiaaB  of  hip- 
puric acid  itself,  but  also  to  those  of  the  substances  out  of  which  it  is  built  up,  or  into 
wliich  it  ran  he  decomposed  :  if,  for  instance,  we  tako  info  acctmnt  the  decomiosalum 
of  bcBicolc  iicid  iato  a  carbonate  aud  benzene,  and  of  gl^cocinu  into  a  carbooateiad 
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Idinine,  when  diMilled  with  baryta,  we  roiut  break  up  thi«  fbrmula  still  ftuthar 
writai    • 


tthui: 


.?J 


(CO)' I 
(CH«)"f 

(cor 

H    }0, 

ne  equivalent  form. 
TSro  pointa  ariAe  from  the  foregoing  diseiission  which  iiro  of  sufficient  importance  to 
b*  dwelt  QpoQ  somewhiit  moru  iit  length.  They  art^,  first,  the  (jurely  Miitive  chaructiT 
of  rational  forRiolse,  or  their  depiTideuce  on  the  |urticuliir  trunsfomiations  which  they 
are  intended  to  represent;  xecondlj,  the  necc«si^  of  assigning  comparable  fonnnls  to 
^ompaiable  anbvtancea. 

itional  fortnolie  being  used  in  the  sense  which  hiu  beea  indicated  in  this  article,  that 
I  descriptive  only  of  llie  bodies  to  whieh  they  are  assigned,  it  is  obrioos  that,  if  a 
nbstance  can  react  in  sereral  different  ways,  it  may  receive  as  many  distinct  rational 
fonnulsB,  each  of  which  shall  be  truly  d«icrij.tive  of  it  relatively  to  b  particnJar  set  of 
iransforrnstions:  altbougb  it  cjin  only  have  one  conipletely  rational  formula,  that  la, 
onlr  one  famiula  indicating  all  the  transformations  which  it  is  capable  of  undergoing. 
This  is  nothing  more  than  what  we  meet  with  in  common  language,  where,  as  we  know, 
seTeml  distinct  partial  deseriptions  of  the  Bame  object  may  be  each  of  them  quite 
accurate  as  far  as  they  go,  although  there  cannot  be  more  than  one  complete  description 
of  It'  This  is  almost  too  simple  a  matter  to  need  to  be  specially  pointed  out,  were  it 
not  that  some  chemists  maintain  tliat  the  same  substance  cannot  huTe  mors  than  one 
rational  formula.  For  instance,  in  the  Annalm  Ar  Chemie  tmd  Pkarmacie,  toL  cxiii. 
pp.  226,  226  (Febmary,  1860),  we  And  the  following  passage  in  reference  to  the  two 

fonnuhB  ^/^cl^?)'''  jo  "d^^^j^JyHo,   which  Wurtz,   in   ord.>r  to  czprass  the 

CI 

different  ways  in  which  that  body  reacts,  had  assigned  to  the  product  of  the  acttoa  of 
alcohul  on  chloride  of  lactyl  : 

"  If  two  isomeric  bodies  are  recognised  ta  distinct  substances  becansc  they  contain 
their  proximate  constituents  grouped  in  different  ways;  if  further  the  rational  consti- 
tntion,  as  distinguished  from  the  empirical  constitution,  is  that  which  indicates  the 
proiirrmt*'  conshtopnts  of  a  compound  together  w'ith  the  part  which  they  play  therein ; 
and  if  (inally  the  rational  formula  is  the  sj-mbolic  expression  of  the  conception  which 
we  form  to  our»elves,  at  any  given  time,  re«pecting  the  rational  eonistitution  of  a  body, 
it  is  not  possible  that,  us  Wurt2  Bupposes  in  the  case  of  chloropropionic  ether,  a  com- 
pound can  have  two  rational  formulte  at  the  same  time ;  that  is,  that  it  can  berariouslr 
constituted.     No  one  will   share   (he   opinion   that  the  chloropropionic   acid  which 

E reduces  lactic  acid  is  not  identical^  but  merely  isomeric,  with  that  which  is  converted 
y  hydrogen  into  propionic  acid." 
"  ....  To  advocate  at  one  time  two  different  rational  formulae  for  the  same 
compound,  that  is,  to  pretend  that  it  contains  now  one  group  of  stoma,  and  now 
another  an  its  proximate  constituents,  and  contains  them  perhaptu  differently  combined 
togetlier,  im  is  ejcpressed  by  Wurtz's  two  formula"  for  chloropropionic  ether,  is  to  assert 
an  impossibility. 

On  examining  these  quotations,  it  will  be  seen  that  the  use  of  rational  formulss 
which  is  contempIatiMi  by  them  is  not  quite  that  which  has  been  explained  in  this 
article.  The  autbor  plainly  regards  rational  formulse  as  symbolic  expressions  of  sup- 
positions respeotiug  the  constitution  of  compounds,  whereby  it  is  sought  to  explain  their 
chemical  properties  Reganling  the  reactions  of  com[)ouiid  bodies  as  determined,  not 
only  by  the  niiture  of  their  elements,  but  also 'by  the  way  in  which  tJieir  constituent 
atoms  ire  uni^d,  he  coubiders  that  rational  formulie  ought  to  represent  the  ultimate 
structure  of  bodies,  and  thus  show  why  thoj'  exhibit  the  particular  properties  by 
which  they  arc  chHTuctt-rised.  If  we  bad  the  mesju  of  ascertaining  with  certainty  the 
eonetihitioQ  of  Uxiit-s  there  can  be  no  qii<'»tion  that  formul»  by  which  it  whs  expre«sed 
would  be  the  best  rational  chemical  formula?^,  and  that  of  auch  formuhs,  only  one  eonld 
be  true  for  each  substance ;  but,  sinee  onr  only  mode  of  Ictiminp  bow  bodies  are  con- 
stituted is  by  Btudjiu{^  the  reactions  by  which  they  are  fumicd  and  trsuffformed,  it 
teems  the  st^fest  course  to  be  $;itis(if<i.  for  the  present,  with  formulae  which  simply  in- 
dicate what  theee  reactions  ore.  resting  assured  that  the  liest  way  of  arriving  at  a 
knowledge  of  their  cause  is  by  endeavouring  to  attain  a  distinct  and  complete  concep- 
tion of  their  manner. 
When  considering  any  reaction  for  the  purpose  of  deducing  from  it  a  rational 
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fbrmiola  far  tli«  bodies  which  iaka  part  in  it  we  bare  always  to  dictrngaiib  bdveea 
thp  constituents  which  are  unafiW-tod  by  the  retictinn  and  those  wliLch  are  addisd^ 
aepunited,  or  rciiliic«d  by  others.  Thua  « heu  ehloriile  of  bcozoyl  acta  on  ammooia, 
producing  benzamide, 

C'H»0C1     +     H'N     -     C'H'ON     +     HCl, 

Chlortde  ofbeataj}.  Bonsamlde. 

we  have  the  group  C'lI'O  common  to  the  reagent  and  to  the  product,  while  CI  in  the 
former  i»  replaced  by  H'N  in  the  latter.  It  hiw  been  ciplainwl  in  the  article  Clas61- 
yiCATloH  (L  1014,  1016)  that  the  group  which  rvmains  eouetant  thronghoul  a  reaction  ta 
the  radicle  of  the  tfubetanc««  concoroeu  in  it,  while  the  atoms  that  are  affeol«^  by  the  re- 
action lire  those  which  serve  to  cliamcteriiie  the  type  of  the  reagrat  and  pttxlact  re- 
ipectiTely.     In  the  rational  formula  of  any  sabstjuice,  the  radicle  pxprmtea  ita  gcnetie 

C'H»0> 
nlatioaa,  and  the  type  ita  chemical  foactlon.     In  the  formoU      H     /  N,   for    benxa« 

H  I 
nude,  tlie  radide  C^H*0  indicatea  that  the  (rabstAnce  belonga  to  the  same  chemicaJ 
fkmily  as  benKoie  acid,  oil  of  bitter  almonds,  and  chloride  of  benzoyl  ;  while  the  aynibnl 
of  nitrogen  oataide  the  bracket,  and  the  two  Ha  within,  denote  that  ita  chemiciij 
function  ia  that  of  a  primary  moawmide  (Amides,  i.  169).  This  formula,  howerer, 
plainly  does  not  indicate  the  pOHsibility  of  a  reaction  such  aa  that  of  pentachloride  ot 
phoaphorua  oa  benzumidc^  namely, 

C^H'NO     +     PC1»     -    C'H*NC1     +     HCl     +     POCl* 

To  obtain  a  formula  which  shall  do  ao,  we  must.,  aa  before,  diatinguiah  between  tiie 
•toma  which  are  affected  by  the  reaction  and  those  which  remain  in  unaltereii 
eombinatioa;  we  thus  get  from  thia  etjuation  the  rational  formala  for  benaamid^ 

H     I  ^'  which  representa  it  as  the  hydrate  of  the  radicle  CHIf. 

The  coneideration  of  two  different  reactions  thus  leads  to  the  representadoD  of 
benzamide  at  one  time  as  an  amide,  at  another  as  a  Jiydrate,  but  it  is  pijaeible  to 
expreaa  both  these  reactiona  by  a  ainglc  rational  formula,  if  wo  represent  benzamide  u 

H     \^ 
»t  once  u  amide  and  a  hydrate,    Thia  is  done  by  the  formnla  (CH*)"*     ,  wherf 

H      }0 
C^*,  the  group  of  atom5  which  remains  unaltered  throughout  both  reuctioas,  ii  the 

radicle,  and  the  type  ti,J^  [ . 

It  ia  important  to  notice  here  that  a  formula  derived  from  a  simple  type  can  MJy 
express  rpactions  of  the  kind  which  is  eharacteriNtic  of  that  type,  and  that,  aa  aeon  ai 
we  have  to  eipreaa  more  than  one  kind  of  reaction  by  the  same  formula,  we  »nc«r 
make  use  of  a  complex  type.    It  is  obvious,  however,  that  complication  of  type  iii  y 

[•aimplification  of  ntdicle,  and  vicr  rmS;  so  that  a  formuU  eipresaini?  all  the  n 
in  which  a  given  BulbsUnce  could  possibly  take  part,  whether  aa  reagent  or  {r.-.i.i 
would  bo  one  eontaiaing  only  nidides  of  the  greatest  possible  simplicity;  that  is,  mu- 
aisting  of  single  elemcntiiry  atoma.  All  rational  formnlse  eontainitig  compound  radit-l.* 
an  neceaaarily  portinl,  for  tbt?y  ctinnot  express  any  rt-acfions  in  which  the  constitncnt* 
of  those  Tadi<-les  art  soparufe*!  from  each  oihcr.  Such  formul»  are  ncTertheless,  tht 
most  commonly  useful,  for  it  ia  more  frequently  necessaty  to  point  out  the  relations  ( 
one  substance  to  others  of  a  comparable  degree  of  complexity,  than  to  indicate 
xvactions  by  which  it  can  be  put  togetherfixim  its  eoniftituent  atoms,  or  by  which  t 
can  all  be  separated  from  Kich  other.  (See  further,  Prrliminar-i/  lirport  on  O 
Chumiftrti,  bv  G.  C.  Foster,    Reiwrts  of  British  Aseociat^  for  1859,  pp.  7-11-) 

The  eecona  point  which,  at  has  been  stilted,  arises  out  of  the  discxuanon  of  thei 
mula  of  hippuric  acid,  is  the  iiecetviity  of  giring  comparable  formulae  to  companfai 

,  inbetances,  or  of  adopting  a  uniform  system  of  nitional  notation  ;  that  is,  always  <*l 
|„nre8sing  aimllar  reactions  in  the  same  way.     What  is  meant  will  become  more  elr^rf 

intelligible  bv  an  example  of  that  which,  we  contend  ia  an  illogical   and   incoa 
use  of  formula!.     In  Kolbc's  hhrfmch  der  onfanisc/uii  Chcmie  ( Brannschweig,  18 
ii.  p.  117),  the  decomposition  of  hippuric  acid,  when  boiled  with  binoxide  of  lead,»l 
represented  by  the  foUowiug  equation  : 


Hi|ipiiricacl(t. 


BenuaiiU«. 


*  Id  thti  v^ttation.  atid  tn  »hat  Ibllowi  to  rcrcrcor*  'o  U.  If  ^1,  QsS.  Csr«.  fte. 
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Hippnrie  add  is  here  represenr«d  aa  benzoic  acid,  HO.(C"H*)[C*O'],0  (according 

to    Kolbe),  vbemo  unido-acetoxjl,  C*|  tii«j<0'  (the  radiole  attained  by  Kolb«  to 

exist  in  glycodne  or  amido-acetic  acid),  replaces  one  atom  of  h]rdrog«u;  whils 
bflnz&midc  15  reprraented  am  ammoniA  in  which  an  atom  of  hydrogen  ia  replaced  by 
beoxoyl,  although,  as  we  hare  already  seen,  hippuric  add  bears  exactly  the  aaine  rela- 
tion to  glycociae  that  benzxmide  do«j  to  ammonia.  Chloride  of  benzoyl  roarbi  on 
glyeociDB  exactly  as  it  does  on  amnioDia,  forming  in  the  one  cttse  hippuric  acid,  in  the 
otoer  benzamide ;  yet  the  abore  formulae  reprrt»ent  the  products  aa  related  to  the  re- 
•gent5  quite  differently  in  the  two  reactions.  In  the  first,  substitntioo  is  represented 
as  harins  taken  pUuw  within  the  radicle  (C'*H*)CrKJ';  in  the  second,  this  radide  is  re- 
presented as  being  itself  substitut*^  for  hydrogen. 

The  same  ehemist  furnishes  us  with  another  example  of  the  illogical  use  of  formolse, 
io  the  expressions  by  which  be  represents  the  products  of  the  action  of  chJoropropionic 
etb«r  (Wurtz'fl  ithtr  cMorolactique)  on  ethylato  of  sodium  and  on  bu^rrate  of  »odiam 
respectiTely.  The  reaction  is  in  both  cases  perfectly  similar,  and  may  be  described  as 
the  combination  of  the  reagents,  M-ith  eltminatioa  of  chlorido  of  sodium.  Eolbe  never- 
tbelesa  formulates  the  first  product,  diethvlic  lactate,  aa  chlompntpionic  ether  wherftn 
the  chlorine  is  replaced  by  binoiide  of  etiiyl,  but  repreeents  the  st-cond,  butyro-Iactate 
of  ethyl,  as  chlompropfontc  ether  whertun  tlia  chlunne  is  replaced  —  not  by  binoxide 
of  butrryl  but — by  butyryl  in  which  binoxide  of  hydrogen  is  subetitutod  for  an  atom 
of  hy<m^a.  The  formuls  in  qaestioo,  retaining  the  atomic  weights  used  by  the 
author,  are  — 

D  iethy tic  lactate.  Bti  Ir  ro-  l«rt«u  of  ethy  1. 

This  incorrect  use  of  rational  formuliB  caused  Kolbe  to  predict  that  butyro-Iactate  of 
ethyl  would  undergo  a  decomposition,  when  boiled  with  dilute  hydrochloric  acid,  dif- 
ferent from  that  which  is  found  actually  to  occur.  (See  Ann.  Ch.  Pbarm.  cxiiL  236.) 
We  have  drawn  attenl  ion  to  tlifiw  tutamples  of  the  wrong  u^e  of  forranliB,  beeaose  it 
is  necessary  to  bear  clearly  in  mind  that,  whatever  system  of  rational  formulie  we  may 
prefer,  and  whatever  may  be  our  opinions  as  to  what  can  and  what  ought  to  be  ex- 

Eres8«i  by  them,  the  lanpiage  of  chemical  symbols  obtys  the  same  liiws  as  all  oth«-r 
inguages,  and  ceases  to  haru  value  or  meaning  when  dissimilar  expressions  are  uaed 
to  represent  identical  relations. 

Woen  it  has  been  ascerttuned  by  the  stady  of  their  reactions,  that  two  or  more  sub- 
stances are  of  aUiud  coostitation,  there  are  two  w»js  in  which  the  relations  between 
them  may  be  expressed  by  rational  formube.  Inthelirst.  or /rrfrfi/iw  system,  substances 
of  similar  AinctioD  are  represented  as  containing,  a»  acfimmon  constitamt,  the  first  terra 
of  the  series  to  which  thc-v  belonp^,  united  in  each  of  tliem  to  a  different  additional  group. 
In  this  system  of  formulae,  methylic,  ethylic,  and  aniylic  alcohols  would  be  respre- 
"tively  represented  as  water  combined  with  methylene,  with  ethvlene,  and  with 
amyiieae :  thus  — 

CH'.H|o  (?H<.H|o  C.H...H.0 

Methylic  alcohol.  Ethylic  alcohoL  Amr^c  alcohoU 

In  these  forrauhe,  the  constant  oonsUtuejit  denotes  thw  chemical  ftiBCtion ;  the  vari- 
able addition,  or  c<'/»*<//T,characterise»  the  family  to  which  the  substance  belongs, 

Formolse  of  the  second  kind  may  be  called  au^titutive,  Thpy  are  such  as  those 
e<r>mmonly  employed  in  this  work.  In  this  syBtt-m,  a  series  of  allied  bodiw  are  not 
repreacnfod  us  containing  the  first  tprm  as  such,  but  as  derived  fWim  if  bysulwtitution. 
Thus,  the  titreo  alcohols  above  mentioned  are  wpresenled  as  derived  from  water  by  the 
sut«titution  of  the  radicles  methyl,  ethyl,  and  amyl  for  hydrogen:  namely  — 


CHV 


0 


C*HM 


0 


o. 


Methrlie  alcohol.  Bth^tic  alcohol.  Amylk  kicobol . 

The  earliest  rational  formulae  used  in  organic  chemistry,  namely,  thoae  by  which 
Dumas  ttnd  Bon  liny  (Ann.  Ch.  Ph^-s.  xxxA'ii.  15,  1828)  represent^  the  otmstitntion 
ef  the  compound  ethers,  were  additive  ;  and  formulze  of  this  kind  loogmnained  in  al- 
most cTtHufiive  tise  by  chemists  of  the  French  school.  Similar  formulc  were  proposed 
by  Mitscherlich  (Ann.Ch.  PhyK.  Ir,  41,  1834 ;  Ann.Pharm.  ix.  39)  for  benzoic  acid 
aod  some  of  its  derivatives ;  for  example  — 

CHK)*  =  CH*.  CO'     =     C*H'     +     C0» 

"  y —    ■■-^  B«ii»eoe.  Ctattoaic  afibrdridc 
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CH-'O  -  C-H'.CO 


C*H«    +     CO 
Benteo*.       Carbonic  ezUr. 


le  w-       ! 


Oil  of  bitter  «tinoiid». 

CH'NO  -C^'.CHNO  =     cm*     +     CHNO. 

^^ , — ^ /        Benimie.        Cywiic  acid. 

BcQitunidn. 

All  fliici  fonnulte,  however,  were  rejected  by  Bcneliaa  and  hi»  faUowem.  on  tbt 
ground  that  they  represented  a  mode  of  combioation  unknown  in  minend  di<fitiutrjr 
(see  Pogg.  Ann.  xlriL  289,  1838) ;  untU,  in  order  to  be  able  to  repreaont  th*  coiutita- 
tion  of  trichloracetic  acid  as  in  harmony  irith  the  electro-chemical  theory,  Berieliei 
himself  {l^hrh.  d.  Chfmie,  o"  Aufl.  i.  709)  gnve  an  additive  formulM  to  acetic  acid, 
representing  it  as  oxalic  acid  modified  by  the  copula  methyl:  ihua  — 

•nd  the  same  id^a  was  extended  by  Kolbe,  in  1848  (Handworterb.  iiL  177  [aiti< 
Fonmhi,  chrrniite/K]:  also  Ann.  Ch.  Phorm.  Ixr.  288),  to  the  whole  scries  of  m 
homologoufl  with  ae«tic  acid  ;  ttnd  by  Hcneeliuis  to  th?  organic  alkaloVds,  which  he 
garded  ns  formt-d  by  the  combination  of  ammonia  with  various  copuiaB. 

It  ia  obvious,  that  every  additive  formula  can  be  easily  transformed  into  an  eqaira- 
lent  Bubatitulivp  forinnla;  thus,  for  instance,  Wnrtz  a  formula  for  acetic  add, 
C(C*//*)0».//0  (Ann  Ch,  Phys-  [3]  xxx.  502),  which  represents  it  as  formic  add 
wherein  methyl  is  9ub»t  Jtatcd  for  hydrogen,  is  the  substitutive  equivalent  of  JBenelio^a 
ndditive  fommla.  All  relationa  of  oompoaition  and  function  can  therefore  be  exptCMfd 
alinoBt  e<|iuiny  well  in  either  system.  Nevertheless,  there  are  some  reasons  for  giving 
the  preference  in  general  to  substitutive  formnlsi.  One  of  the  roost  important  ia,  that 
by  uaing  the  latter  kind  of  formulas,  we  can  represent  entire  series  ^f  bomolo^oos 
bodies,  for  example)  by  eipressions  of  the  same  form,  wliioh  ia  not  nlwayi  posnble 
with  additive  fomiulm.  Thus,  if  we  represent  succinic  add  aa  derived  from  two  mole- 
cules of  water  by  the  substitution  of  the  radicle  C'H'O- for  IP,  ^*^'^J0»,  we  ean 
exprem  aU  the  homologous  acids  by  similar  formulae ;  for  instance,  malonic  acid  ■= 
^s   O'l  oialic  acid  »=      H^i*^'"     ^^^    ^    ^*    write     succinic     add      thus  — 

C*H*0'  Wf 

gj  0',  or,  aa  two  piolecules  of  water  to  which  the  copula  C^H'O*  ia  added,  it 

becomes  impossible  to  represent  oxalic  acid  by  a  comparable  formula.  Another  SDia*- 
what  similar  objection  to  the  use  of  additive  formulap  is,  that  they  are  not  applicable  ta 
inorganic  and  organic  bodies  alike.  Thus,  although  we  can  easUy  express  the  ivlatiou 
between  metbylic  and  ethylic  alcohols,  or  between  ethylic  alcohol,  chloride  of  eth^rl 
and  ethylamino  by  means  of  such  formuhe,  we  cannot  indicate  the  relation  whicb 
exists  between  the  alcohols  and  sach  bodies  as  hydrate  of  potassium  ;  formnlae,  how- 
ever, which  represent  all  these  compounds  as  derived  from  water  by  the  substitution  of 
Tariona  radicles  for  one  atom  of  hydrogen,  render  their  mutual  relations  at  once  «fi- 
parent. 

A  system  of  formulie,  partly  additive  and  partly  substitutive,  is  employed  by  Pn>> 
fpssor  Kolbe,  One  or  two  specimens  of  his  formidie  ha%-e  already  be«i  given  in  thii 
article.  The  chii'f  points  of  difTerenee  between  them  and  the  formula;  employed  ia 
this  work  are  that  oxyj^en-compound^  are  employed,  instead  of  hydrogen-compounds, 
IS  the  tj'pes  or  Btandjirfls  of  comparison,  and  that  compounds  con'tfn""  -  -- '-  -  -'-n, 
hydrogen,  and  oxygen  aro  referred  to  the  type  CO*  (equivalent  to  Cli 
type  nH'O.  This  mode  of  formulating  organic  compounds  is  an  extt- 
advanced  hy  Frankland  (Ann.  Ch.  Fharm  Ixxxv.  364)  regarding  the  coostitatwat 
the  so-called  organo-metallic  bodies,  and  was  in  fact  first  suggeatea  by  the  last-D 
chemist  (see  Prot  Roy.  Inst  ii.  640,  May  28.  1858).  The  manner  of  repreccaeil^ 
some  of  th©  most  important  classes  of  compounds,  on  this  system,  will  be  i  * 
from  the  foUowing  examples :  — 


O 


C. 


<y>. 


C'\ 


c-'} 


c 


(..,t.ydrou.).l-nhydroa.;.    -^^«"y*i*-         Aceiona.      -^^y.  "  eib«:       mcHh,!.  N'«»'f1.^™ 

The  acids  of  the  acetic  series  are  reprpsonted  as  formed  from  carlionic  anhydride  tf^^^ 
the  subatitution  of  hydrogen  or  an  alcohol-radide  for  one  equivalent  of  oxygen;  tbs        [ 

■  A  tl'iiiltr  rarmiitta  for  acrflc  icid  had  t>een  prevloutlr  luxe^tted  by  M>U«icri  (Ann   Cb.  Thn  lu 
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ftldehjdM  an  r«pr«««ated  bb  formed  by  tho  replaecmpnt  of  one  eqairulent  of  0X7g(>D  by 
lijdrojren  and  one  by  ma  alcobol-radirre,  and  the  ketones  b;  the  rcplaoeoient  of  two 
equTuents  of  oi^rgen  br  alcobol-radides.  The  replace  meat  of  three  eqiuTAlenti  of 
oxyg«n  by  bydroeen  or  Dy  alcohol-rudiclM  giT<>8  toe  simpb  ethers,  and  the  einular 
rvplaceraent  of  aJl  the  oxy^a  giree  the  alcohol-mdiclee  an  they  exiat  in  the  free  statr, 
or  their  hydrides. 

There  are  Mine  rdationa  of  these  anbetaneea  which  can  be  brought  out  more 
distinctly  by  eomparing  them  to  a  carbon -com  poond  as  type  than  by  rL-ferring  them  lo 
the  typea  H'O  and  H',  a»  is  done  in  the  formulje  commonly  used  in  this  work ;  but  the 
tue  or  an  oxygen-compound,  such  aa  carbonic  anhydride,  for  thia  purpose,  iuTolree  the 
ocourrence  of  fhictions  of  an  atom  of  oxygen  in  tne  fonnulte  of  all  vabstoscee  repre- 
sented as  ^ormed  by  the  substitution  of  an  odd  number  of  atoms  of  hydrogen,  or  of  any 
monatomic  radicle,  for  its  equiralent  of  oxygen.  This  will  be  seen  by  referring  to  the 
fbrmnls  of  the  acids  homologons  with  acetic  acid,  and  to  those  of  the  simple  ethers  aa 
giren  abore. 

All  the  advantages  of  formule  of  tlua  kind,  without  the  inconsistency  of  being 
obliged  to  introduce  half-atom^  may  be  secured  by  representing  tlie  compounds  in 
qneation  as  derivatives  of  the  type  CH*.     A  few  examples  will  be  soffident  to  show 
bow  tbis  may  be  carried  out 
^-  T^  CH*. 


I 

I 


fCI 

fRO 

f 

H'N 

H»C 

f    H 

'OH'O 

o\i 

C  ^ 

n 

c   «         c 

H 
H 

c  • 

H 
H 

C   ■ 

H 
H 

Ih 

Ih 

Ih            i 

n 

H»C 

H 

Chloridr  of 

Met  h;lic  alcohol. 

MetttjUmlne.       Ftee  mrtlijrl. 

Hydrid«of 

Mcthyjtc  cUmi 

mrtlijrt. 

IL 

ethjl. 

f  a 

HO 

H'N              (H»C 

fOHH3 

c 

H 
H 

C  ^ 

H 

H 

C 

H            r  .  H 
H            ^     H 

C 

H 

H 

.H«C 

IH"C 

H»C              iH»C 

.H»C 

diteridaor 
•tb/l. 

EUiyUc  «lcotiok. 

Ethyimi\at.      MethjI-eUiyL 

MMhyUeth;Ufl 

m. 

ta 

fHO 

,HT^ 

(H'C 

f  H 

(0H»0 

C  ]0" 

c   0- 

CO-        c 

0" 

c 

0" 

c 

0" 

Ih 

H 

1    H 

u 

CH» 

H 

rhlnrld4>arfor. 

Formtc  «ctd. 

Fonnam  Ide.    MMhy  hdr  if  fn  r . 
■njl  [unkriiuvai. 

Hj-drtdr  of  acHyl,    Forir«t*  of 

Di)i  Cunknown). 

AlOrhj-dc. 

methyl. 

IV. 

f  CI 

HO 

(WTi            fH»C 

(on»c 

C  J  0" 

c 

0" 

c 

0-        c  .  0- 

c     o- 

|h«c 

HK? 

H«C                H'C 

H'C 

Chlorkl.  of 

AcPtic  add. 

Acetamtda.              Akhoii*. 

Atvteot 

McrtjU 

V. 

mtthfU 

cj^ 

ci^- 

^  ;ho        p  h'N 

c  ^H'C 

r  J0H«0 

u  1    N- 

HrdfoCTaDlc 

Chlondi!  of 

Cfanie  add.         Cjaniunlde. 

Cyanide  or 

Cjanate  of 

act 

i. 

cjran 

ogen. 

nwtliyl. 

methjrL 

These  formulae  cxpre«8  Tcry  dearly  the  relations  of  composition  of  the  bodies 
represented  by  them  ;  and  if  we  posseaacd  any  rt-agful  whereby  we  could  replace  carbon 
by  other  elemrntii,  in  the  same  way  that  chloride  *md  sulphide  of  phosphorus  enable 
ns  to  replace  oxygen  by  chlorine  and  sulpltar  respectiTely,  the  transformations  effected 
by  it  would  be  best  represented  by  formuke  of  this  kind':  just  in  the  same  sense  that 

the  formula  ^S     |o  =  acetic  add,  CTJ'O.Cl  =  chloride  of  acetyl,  beat  correspond 

to  the  wiactions  produced  by  pentacilorido  of  phoKphorus.  ComparatiTely  few  trans- 
formations, however,  are  m  yet  known  whirh  ure  better  expreaaed  by  formula  dmved 
from  the  type  CH*,  than  by  those  derired  from  the  typea  HCl,  H«0,  and  H'N,  though, 
infriiisicaliy,  one  set  of  fonnul«B  is  just  as  admissible,  and  just  aa  logical,  as  tho 
other. 

With  regard  to  the  rationul  fonnnlne  of  polyatomic  compounds,  another  question  haa 
arisen,  which  is  one  of  form  rather  than  of  the  meaning  to  be  ezpreaaed.  In  many 
diatomic  and  polyatomic  compounds,  a  certain  dissymmetry  of  properties,  if  we  may  u«e 


■      watomic  am 
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the  cipiesaion,  may  be  nlxwrved ;  Uiat  is,  the  aame  reactioQ  can  be  |tf««loeri!  iww  of 
often«r  with  one  rooltcuUi  of  the  oubstiince,  but  it  doea  not  Uike  pUce  with  ciaeflv  tfw 
mme  fjwUity  e»ch  Unrio.  Thtis,  clycoUic  and  hictic  adds  contain  two  atojn»  vi  hj- 
drocren  capable  of  being  rvplacca  by  aJcohol-radicles  ;  but  th«  replacement  of  on^y  one 
atom  eun  be  effected  by  tbf>  oniinury  processes  of  etherificdtion,  the  second  atom  euk 
only  he  rf  placed  by  iudirect  means.  In  order  to  express  this  peruliarity  in  the  fonatllc 
of  ilii^e  and  similar  sabetADoea,  sptctsI  chemists  have  adopted  the  expedient  of  wrillof; 
onp  of  th<>  iwplaceahle  atoms  as  though  it  weiv  eombioed  with  the  remaining  eleucala 
differently  from  th«  rest     The  following  examples  will  explain  what  is  meant: 


Glyeolllc  add. 

CCH2))-jol„ 
H     I 


Gljreocfoe. 


ClycoUmle  teUU 

(     H 

H) 


■  0 


"  Br«Hnid«  cf  brooMCkfl- 
Crielfajrl-phocpboaiuML." 

^3*       Ih. 
OH*        \^ 

cm"    } 


(Wullc«fliit  and  Halnlt.)  (Hoftnxnn.) 

So  long  as  such  formulffi  ar«  understood  to  be  descriptxTe  merely,  they  are  perfectly 
admissible,  and  may  oflea  be  employed  with  advantage,  as  indicating  more  exactly  than 

the  ofdimiry  pfvlyatomic  fonnuhe — such  as  ^  H^i^*  "  glycoUic  acid,*-  „;v  „ 

«  glycoeino  or  glycokmic  acid— the  properties  of  the  substances  to  whidi  they  a» 
HHsigne<l ;  l>ut.  if  they  &re  taken  as  actual  expreasions  of  the  pecoliuritise  of  coastitaitioo 
on  which  these  properties  depend,  they  come  to  be  of  questionable  serrioe.  For  tlis 
unequal  facility  with  which  the  two  replaceable  atoms  of  hydrogen  in  glyeollie  acU,  fat 
instance,  can  be  replaced,  is  no  proof  that  they  are  not  combined  in  the  same  war.  It 
may  xary  well  be  tliat  these  two  atoms,  or  even  all  foor  atoms  of  hydrogen,  arw  p«w 
fectly  eqaivalent  to  each  other,  so  lonft  as  the  original  compound  remains  intact ;  lot 
that,  as  soon  as  one  atom  is  replaced  by  another  element  or  radicle,  the  equilibrian 
of  the  whole  group  is  modified  in  ench  a  way  that  the  similar  replacement  at  anoth« 
atom  cannot  be  effected  with  the  same  cjise. 

On  the  other  hand,  howerer,  there  arc  facta  which  point  to  a  real  difSemiM  be- 
tween one  of  the  four  itnits  of  combining  capacity  of  an  atom  of  carboo  and  the  other 
three.  Thus,  for  instance,  the  cliloride  of  methyl  formed  by  the  action  of  chloriiie  on 
marah-gas  diifers  in  some  of  its  properties  fi-om  that  produced  by  the  action  of  hydro- 
chloric acid  on  methylic  alcohol,  or  by  the  decomposition  of  trichloride  of  caisodyl ;  A 
fact  which  it  is  difficiilt  to  expktn,  except  by  supposing  it  to  depend  on  the  diffenct 
position  of  the  chlorine  atom  in  the  two  compotUMU.  Some  very  intewstinff  atul 
important  coneeqaences  of  this  supposition  haTe  been  dereloped  by  Bulls  row 
(Zeitschr.  Chem.  Phann.  ix.  £49);  and  by  Erlenmeyer  (Urid.  t.  18).  Shonld  it,  pb 
further  invoatigation,  appear  to  be  well  founded,  some  expression  of  the  fiurfs  mmi 
which  it  is  based  will,  oi  course,  hare  to  be  giren  in  our  rational  formula ;  and.  in 
formnlse  derived  from  the  type  CH*,  this  may  easily  he  done.  (See  the  fonaula>  of 
methyl  and  hydride  of  ethyl,  methylide  of  forniyl  and  hydride  of  acetyl  on  p,  703.) 

In  conclunion,  we  mi!ist  mention,  for  the  sake  "of  their  historical  interest,  the  SynofU- 
cal  formula  of  Gerhardt  and  Chancel,  although  this  mode  of  notation  is  probably  w 
longer  employed  by  any  chemist.  These  formula}  may  be  considered  is  abbreristtd 
modes  of  writing  the  equations  nf  formtttion  of  the  bodies  which  they  represent.  T" 
for  instance,  sulphobonzidic  acid,  formed  by  the  union  of  one  molecule  of  soJ^srie 
and  one  molecule  of  benzene,  with  elimination  of  a  molecule  of  water,  may  be 

■U-'  ,  equivalent  to  the  eqoation  of  kf 

roation  SO'OH*  -  SO'H'  +  C^*  -  OH*;  simikrly  snJphobenzide  may  be  jepre- 

|x'r'«FF»-s'  pqui'^'iJ*'^*  t<*  the  exptwaioo 
SO'FI'  +  2C*H»  -  20B*.  The  following  are  additional  examples,  extracted  &»>m 
Gerhardt  and  Chancers  paper  (Comptos  rendus  des  traraux  chimiqu*-*,  vii  ft« ; 
J^&rch,  ISol),  together  with  the  more  detailod  expressions  to  which  they  are  equhv 
lent: 

Nnmrs  nf  lubitucM.  Sjttajttical  fonnulr. 

Carbamjc  acid 


vtaua 


Urea  (carbamide)  . 
Carbftnilic  acid      . 


EquiTalrnt  rxpTt»*tMM. 
CO»H«     ^-     H»N        -     0H« 


CO-H*    +  2H'N     -  -low 


Cot-«jH.C«H'-'N  ^Q^,  ^  ^^jj.jj   _  Qjp 
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Ckrbaiiflide   . 
Oubovinie  add 
Oubonate  of  ethyl 


I 
I 


C0»  'j^^^"^  CO»H«  +  C?H«0    -0H» 
.        CO«-'jg-ggnS  CO«H»  +  2C»H»0  -20H> 
Urethiine(«arbMMte  of  ethyl)       CO*-'j^£^^  C0«H'  +  C?H'0-»^HTT-20H* 
Acetic  add    ....         C0«-'|^'^^*^      CO'H*   +  CH'        -  0H« 

COi_,|H.CE*-J      CO-H*  +  2CH*      ^  20H« 


Acetone 


It  will  bo  observed  that  tlie  formals  here  wsea  for  acetic  acid  and  ac«toae  do  not 
eorreepond  to  aaj  proceaa  then  knovn  by  which  th«e  bodies  could  be  farmed  ;  but,  if 
takeo  in  &u  analytical,  ioBtead  of  in  a  synthetical  eenae,  they  indicate  the  Tnimner  in 
xrtiich  these  Aubetaacei  ai«  decomfwaed  whea  distilled  vith  alkaline  hydrates.  The 
formnls  of  urea,  earbanilie  add,  and  carbaniiide,  muist  likewise  be  taken  in  an  analy- 
tical eenae  merely. 

Each  ajmoptieal  formula  can  obviously  expmcs  only  one  mode  of  formation  or  de- 
eompoaition  of  a  aubsUnce.  and  hence  cannot  be  regarded  as  a  general  expr<  Bsion  of 
its  reactions  ;  thtu,  considering  the  formatioD  of  benzamide  from  betizoate  of  ainmoDia 
by  Imb  of  water,  and  iui  devomposition  into  benzoic  acid  and  ammonia,  ve  may 
repreeent  it  by  the  ajnoptiral  formitla 

C^n«0*-'.H«-^^  =  C'H»0'  +  H*N  -  OH*, 


CO^ 


CD'H*  +  (>H«  +  H^  -  20H», 


but  neither  of  theae  expretuions  would  indicate  ita  formatjon  by  the  aetioQ  of  chloride 
of  bensEoyl  on  ammonia.  It  is  probably  this  want  of  generality  which  has  prcrented 
formulie  of  thia  kind  from  ooming  into  general  nae.'— Q.  C.  F. 

rORAnx.  CHO. — The  radicle  of  formic  acid  and  ita  deriTatlven,  being  the  flrrt 
term  in  tlie  eerit-a  of  acid  radicles  OH*»-'0.  The  same  term  was  formerly  ftppli(»d  to 
the  radicle  CFI:  hence  the  namea  chlaro/orm,  furmomtriU,  &c. ;  but  it  is  better  to 
denote  this  hydrocarbon -radicle  by  the  term  xylyl. 

VOXBCTKUW  rORimUUCSXa.  Names  apnlied  to  the  flxst  baM  obtained 
by  the  action  of  ammoma  on  bromide  of  ethjK>ne,  and  originaUy  suppofed  to  have  the 
eompoeition  CH.H'.N,     (See  ETKXMJfB-BASBS,  ii.  687.) 

yoStnrriiZa'B.  The  name  g^ren  by  Rochleder  (Ann.  Ch.  Pharm.  Izix.  120) 
to  a  base  which  be  ohtainnl  by  the  decomposition  of  caffeine,  and  inpposed  to  hare 
thfl  eompoeition  Cn*N.  Wartz,  boweyer,  showed  (Compt  rand.  sx.  9),  that  it  ia 
nothing  but  methy  lumine. 

70Bir>x-0EPBSirT&-iftZAjairB.    See  Fasmrraxnau. 

roWLBTSKXTJi.  A  white  or  colourlcsa  tranalucent  ohryaolite  occozring  in  small 
crystals  on  Vesavius. 

rOBSBBZmo  ACXB.  The  name  given  by  Baitiek  (Phann.  J.  Trans,  riii. 
339)  lo  the  add  reein  produced  by  the  actioo  of  nitric  add  on  copalin  or  Uighgate 
resin  (ii.  21). 

yomurCTira.  A  variety  of  tetrahedrite  from  Beaujea  (Rhone)  and  Val 
Gndemar  (Hiint<?s  Alpea),  consisting,  according  to  MAne  (CorapL  rend.  Ii,  463;  lit 
311),  of  SCn'9.2Sb«S*,  tneothor  with  PliS  and  Fo*Aa'  (in  the  mineral  from  Beaujeu) 
or  Fc*A»*  (in  that  from  Val  Godemar). 

ro'WlMMTrs,  Ciystallised  rhodonite  from  Franklin,  New  Jersey.  (See 
RHODOffrm.) 

TOTATFA.  A  rock  resembling:  syenite,  which  forms  the  monntains  Foya  and 
Picota  in  the  Monchiqne  range  (Algarvia  in  Portugal),  and  conaiata  mainly  of  ortho- 
clase  asaodated  with  elsrolite  and  hombtende,  and  as  accessory  conatitoents,  titanite. 
hexagonal  pinchbeck-brown  mica,  raaj^netic  iron-ore  and  iron-pyrites.  Its  stmcturo 
is  course  to  fine  grained,  al^  porphyritlc     (Blnm,  Jahrb.  Min.  1801,  p.  426.) 

niACTinU!  or  TuytrtlJltAtfl.  The  uneven  or  irregalar  aorfiice  produced  by 
breaking  amorphous  miuerals  b  distiuguiMhed,  as : 

Vol.  IL  Z  Z 


Toes 
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1.  ContKoidaL,  when  tha  minenl  bnsks  with  curved  snrfiicM  like  thow  of  ■  ibell ; 
this  kind  of  firacttire  is  se«D  in  flint 

S.  Uneven,  when  the  surfiice  of  finctare  ia  rough,  with  DamerooA  small  rleTitJou 
•nd  depreanons. 

3.  mintery,  when  the  broken  stuface  exhibits  protrading  points. 

4.  Haeidy,  when  the  eler&tions  are  sharp  and  jagged  sa  in  broken  itoil. 

lie  firacture  is,  for  the  moot  party  of  constant  character  in  the  tame  minenl  ipedn ; 
Imt  the  tame  kind  of  fracture,  especially  the  nneven  and  the  spLLntfrj.  is  cominon  to  w 
many  minerals,  iis  to  render  these  characters  of  oomparatiTely  little  Tains  in  deter- 
mining fpecies. 

rmA,OA&XA.  S/ratfi^rrrjr.— Buignrt  (J.  Fharm.  [3]  xxstL  81.  170)  hu 
examinfHi  several  varieties  of  strawberry,  and  finds  that  the  &ee  add  contained  in  tli«iQ 
is  malic  acid,  and  that  the  sugar  consiste  of  cane  sogar,  dextroglneosa  and  Iserq^iunst 
in  Taiying  proportions.  The  cant^sognr,  which  is  contained  in  cells  distinct  fion 
those  which  contain  the  malic  acid,  appears  to  be  the  sugar  first  formed  in  th* 
and  to  b«  more  or  less  converted  into  the  other  kinds  of  sugar  dimng  the 
mixtore  of  the  serenil  liqoids  contained  in  the  cells. 

FXAZn&OVITE.  A  rock  occurring  n^ar  Loz^re  in  the  wcetem  xnnge 
Cevenno>%  wlicre  it  often  traverses  the  granite  and  slates.  It  asnallT  appeus  L 
sist  of  a  dark  greon  felspathic  bads,  mixed  with  a  large  quantity  of  bcoase-liks 
The  most  ordinarf  variety  contains  in  100  parts : 


FalMtf 

aadlltw. 

600 


160 


60 


reOO* 
17-6 


cm:o* 


The  constituents  bracketed  together  seem  to  consist  of  a  mineral  resembling  cblorit* 
which  serves  to  cement  together  the  felsper  and  mica  ;  calcspor  and  spathic  iron  an 
also  present,  bat  do  not  appear  to  be  essential  constituents  of  the  formatian,  (Las, 
Ann.  Min.  [5]  vi.  412.) 

yitAJff€#0'&Xf>>  A  fluorapatite  occarring  in  spherical  aggr^tgatiffmii  atWhtal 
Francis,  near  Tavistock  in  Devonshire  (L  ZiQ). 

rKJur01]rXim'.  C*H*0'  {k.  Casselmann,  Ann.  Ch.  Pharm.  civ.  77;  Jafan^ 
f.  Chem.  \%a1,  p.  S22). — A  yellow  crvstallisable  colooring  matter,  oonta^ied  in  the 
bark  of  the  berry-bearing  alder  {Rhamnv*  Franguia\  It  is  acoompamed  It  u 
amorphous  resinous  yellow  snbstance,  and  occurs  most  abondiintly  in  the  barit  of  th« 
older  branches,  that  of  the  younger  branches  containing  a  laiger  proportioti  of  tb« 
resinous  constituenL  The  yellow  sabstaoce,  called  Rhamnosanihin,  obtained  hr 
Bnchner  (Jahresber.  1853,  p.  536)  from  the  root  bark  of  the  same  shrab  was,  aeeorj!' 
ing  to  Casselmann,  impure  frangulin. 

Prtparation. —  1.  The  comminuted  bark  is  repeatedly  exhansted  with  aasMinsal 
water  at  the  boiling  heat ;  the  dark  red  extracts  are  mixt^d  with  hydrochloric  acid ;  am! 
the  slowly- depi^eitiog,  btown^black  precipitates  thereby  produced  are  WMbed,  ind 
treated  at  the  ooiling  heat  with  alcohol  of  80  per  cent,  with  addition  of  neutml  soetsLt 
of  lead,  nearly  the  whole  then  dissolving  and  forming  a  brownish^yeUow  solatiaa. 
This  solution  is  farther  treated  with  neatral  acetate  of  lead  to  precipitate  laaaia, 
&c ;  the  hot  filtered  liquid  is  mixed  with  water  till  it  becomes  strongly  turbid,  thn 
heated  till  the  torbidity  disappears;  the  liquid  is  left  to  itself  for  a  w«dc;  aadl^' 
frangultn  which  ceporates  is  porified  bpr  repeated  crystallisation  from  kmiling  aiedk 
— 2.  The  alcoholic  solution,  after  being  filtered  from  the  precipitate  pfx>daeed| 
neutral  acetate  of  lead,  is  shaken  up  with  hydrate  or  with  basic  act'tate  of  lead,  f 
pivcipitate,  which  contains  all  the  frangulin,  is  suspended  in  very  dilate  alcohol  I 
decomposed  by  sulphydric  acid ;  the  siupbide  of  lead  is  exhausted  by  bofli,       *   * 

which  leAves  the  greater  part  of  the  resiuous  matter  ondiasolTed;   the  < 

diluted  with  water;  and  the  frangulin  iriiieh  separates  is  repeatedly  crjital£sed1 
alcohol 

Pure  frangulin  forms  lemon-yellow  crystalline  masses  (composed  of  i  

square  plates),  having  a  doll,  silky  lustre,  tasteless  and  inodorous.  It  melts  at  dmt 
249^  C,  and  at  the  same  temperature  begins  to  sublime  with  partial  decomponticMi 
in  goldL-n-yelbw  microscopic  needle*.  It  is  insoluble  in  water,  soluble  in  180  pta.  of 
warm  alcohol  of  80  per  cent.,  nearly  insoluble  in  cold  alcohol,  sparingly  solmue  b 
boiling  ether,  solable  in  hot  fixed  oils,  benzene,  and  oil  of  tarpentine.  ynnesix  dried  st 
IOC  C.,  it  has  the  compositioa  indicated  by  the  formula  ahore  grren. 

Frangulin  does  not  appear  to  form  definite  compouuds  with  Aosec    It  dissolves  with 

nlc-red  colour  in  alialu,  and  is  precipitated  vellow  by  acids.    It  is  not  prropiuttd 
,     letallic  salts.    With  strong  sulphttrte  acid,  it  forms  at  ordinary  temperaluPT  a 
dark-red  solutioD,  which  becomes  brown  when  heated,  and  from  which  it  i^  pncipi- 


et  con 
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Utod  bjr  wat«r.  Strong  niiric  acid  disBolrefl  it  at  the  boilitig  beat  wiUiOQt  deoompoti- 
tioxL  Faming  oitric  acid  dissolrce  it,  with  erolntion  of  nitrooB  Tapours,  fonaiag 
ozolie  acid,  and  if  the  action  has  not  been  too  Tiolont,  or  the  tempentore  too  high, 
another  acid  called  nitrofrangulie  acid,  to  which  Caaselmann  assignB  the  fonnula 
C"»i^"A»0"  or  C»H*^'»0",  Kjprenenting  lU  formation  by  th«  eqoatioo : 

28NO»    -    C*»H«N'*0"    +    4C»H»0«    +    9H»0    +    18N0. 


PranfuUii. 


C*»H«*N'*0" 
Nltrotnoculle 


4C»H»0« 

OxaMe 
acM. 


Hesse  (Ann.  CL  Fharm.  cxrii.  S49)  suggests  for  this  add  the  formnlA  C"H'>N*0»». 

Ifitrofran^ulic  aeid  crjrstAllifles  from  its  eMjueoos  solution  in  small  jeliotr 
needles;  from  its  alcoholic  solution  in  long,  silky,  orange-red  needles  grooped  in  star*. 
It  is  iBodoroiui,  has  a  bitterly  astrisgpnt  taste;  detonates  whes  heatra;  diaaolTea 
Bfiarincly  in  cold,  moro  abundantly  and  with  dork  crimson  colour  in  boiling  wat^, 
easily  in  alcohol  and  in  ether.  It  is  Bcarcoly  attacke<l  by  strong  add*  at  ordinary  tem- 
peratures. JJkaiit  dissolve  it  with  Tiolet-red  colour.  Sulphydrie  aeid  passed  con- 
tinuously into  the  aqueous  wlution,  colours  it  violet-blue  and  form*  a  precipitate  of 
snJphttr;  the  solution  then  give*  a  violet-blue  precipitate  with  hydrochloric  aad. 

The  solution  of  the  add  forms  with  the  salts  of  the  eoHh-metaU  and  ktavjf  mtalt 
precipitates  which  are  geneTally  of  a  fiery-red  colour. 

The  Mtlver-salt,  CH"Affti*0'*  crystallises  in  cinnabar-red  needles.  The  copper* 
M$2t,  C*^'*C?uJV*0",  is  obtained  as  a  violet-bbe  precipitate,  becoming  violet-red  when 
dry.     Both  detonate  with  great  riolence  when  heated. 

rXAVKZIVCSVSi:.  An  oleo-reaiu  which  exudes  spontaneously  from  the  spruce 
flr  (Abut  €.TceUa),  According  to  CaiHot  (J,  Pbarm.  ivi  436),  it  contains  32-00  f>er 
cent  volatile  oil,  7'40  resin  insoluble  in  alcohol,  7'40  abietin,  11-47  abiotic  acid,  and 
6'57  succinic  acid  and  extractive  matter.  When  melted  in  water  and  strained  tliroogh 
a  cloth,  it  forms  Burmmdy  pitch.    {Perdrtft  Materia  Medico,  4th  ed.  \L  3M.) 

The  subetanoe  nsed  as  incense  ia  religious  cereroonieB  w  OuBAirrv  (y.  t>.) 

ntAKKLIIITTE.  A  mineral  consisting  mainly  of  the  sesquioxidcs  of  iron  and 
mau^innwie  combined  with  the  protoxides  of  zinc  and  iron.  It  occurs  crystallised  in 
forms  uf  the  regular  system,  chiefly  the  octahedron  and  dodecahedron,  aim  the  cabe^ 
icoei-tetrahedron  202  {fig,  18U),  and  triakia-oetahedron,  20  {fig.  183).  and  in  combi- 
nations like  fig».  194, 196, 196, 199, 2W,  202,  and  others.  Cleavage  octahedral,  indistincL 
It  likewise  occurs  maaaive,  coarse  or  fine-granular  to  compact  HnrdneM  »  6'6  to 
6-fi.  Specific  gravity  -.  i-07  to  fi-09.  Lustre  metallie.  Colour  iron-black.  Streak 
dark  reddish -bwjwn.  Opaque.  Fracture  conchoidiiL  Brittle.  Acta  slightly  on  the 
macnet.  Infusible  beforo  the  blow-pipo ;  when  strongly  heatod  on  charcoal,  it  yielda 
oziae  of  zinc ;  gives  the  mangaaeM  reaction  with  bonuu 

From  the  mean  of  fire  analyses  by  Rammolsborg  {MinerdkihtMie^  p,  169),  it  ia 
found  to  contain  25-30  ZnO,  64*51  Fe»0*.  and  13"51  Mn*0»  =  (103-82)  or  46-16  iron, 
9-36  mangiineee,  2030  zinc,  and  25-16  oxygen  (<=  100),  whence  Bammelsbejff  deduce* 

1^1*9  rjf?'5*9_*_.  which  in  of  thn  MTinr*!  form  .IM-O  Tt»n«  nr  \^''^*\ 


the  formula 


^ZnO  S1|md"o»'  ^^^^  "•  °^  ^*  ^*°'**^  ^°™  SM-O.R'O*  or  fJijiijO'. 

Franklinito  was  formerly  regarded  as  l>plonging  to  the  spinel  group  M"O.R*0*, 
with  which,  indeed,  it  agrees  in  crystanine  form ;  but  tSiia  fbimula  appean  to  have  bean 
di^duced  Iroai  incorrect  analyses. 

Frasklinile  occurs  abundantly  at  Hamburg,  New  Jersey,  near  the  Franklin  fttmaces, 
together  with  red  oxide  of  iron  and  garnet,  in  granular  limestone :  also  at  Stirling 
Hdl  In  the  same  locality,  where  it  is  associated  with  wiUemito.  The  attempts  to 
work  it  for  zinc  have  proved  unsuccessful ;  but  it  ia  ground  up  to  a  dork  paint,  and 
used  also  as  an  ore  of  iron.  The  sine  is  said  to  give  increased  tenacity  to  the  iron. 
Franklinite  ia  also  said  to  occur  in  amorphous  maasea  at  Altenberg,  near  Aiz-la- 
Cfaapell&     (Dana,  ii.  106.) 

rmAXBTZW.  C'E^O".  (Salm-Horstroar.Pogg.Ann.cvii.  327.— Kochleder, 
Und.  331. )— A  compound  formed,  together  with  glucoee,  by  digesting  fraxin  with  dilute 
•oli^urie  acid.    (See  Fbakot.) 

It  separates  from  the  acid  liquid  in  colourless  needle-sluped  crystals,  or  dendritie 
gnmpa,  and  when  recrystallised  from  alcohol,  forma  rectangular  rhombic  or  six-sided 
t^blet^.  It  is  inodorous,  but  has  a  slightlv  astringent  taete.  It  dissolves  in  1000  pt». 
of  cold,  and  300  pte.  of  boilimg  water,  the  hot  concentrated  soluion  having  an  add  re- 
action ;  somewhat  more  easily  in  alcohol,  and  to  a  alight  extent  in  wiirm  ether.  It 
melts  at  the  melting  point  of  tin,  without  turning  brown,  and  solidifies  in  the  crystal- 
line form  on  cooling. 

Fniietiii  dissolves  in  strong  sulphuric  acii,  forming  a  bright  yellow  solution,  from 
which,  after  dilution  with  water,  it  separates  in  the  crvstalline  form  on  careful  addi- 
tion  of  ammonia.      Hydrochluric  acid  likewise  dififiolves  it  witbont  decompositioa 
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When  thtown  into  niiric  add,  it  eoloors  the  liquid  luceearively  durk  Tiolet.  pBottU 
red,  ro«e-r«i  and  yellow ;  bat  tiie  Bolution  ultimately  becomes  ooloorieas.  Th?  aqueoiu 
solution  of  fraxetin  is  eoloopcd  ycUow  by  amiwmia  aud  alkaliju  carixmattM,  also  by 
baryta,  ttrontia,  and  UtM  ia  the  solid  state,  the  baryta  and  stroDtia  becomiag  cQitati 
with  a  red  uid  afterwarda  with  a  blackiah  gre«n  deposit,  and  the  Hme  flwt  with  u 
oninae-coloured,  and  then  with  a  browniah  deposit  The  carbonatf*  of  the  earth- 
met^  colour  tho  solution  of  fnix«Ltn  y^Uow,  and  ^ire  riae  to  the  fbnnatioQ  of  a  fire- 
dpiUte  ioBolable  in  pure  water,  and  cxhihiting  a  groen  flaoreacence.  The  acttatrg  of 
harium  ami  strontium  colour  the  aolution  yellow,  and  on  eTaporatiaiz  it,  a  green  mb- 
etance  remains  with  the  crystala.  Nitrate  of  nltier  added  to  the  aolutioc  forma  a  Uack 
cloud;  ftrric  chloride  colours  tho  liouid  gr|eenish-blue ;  carbonate  of  lead  immosed  in 
it,  aoqnirei  a  letoon-yeUow  -oolour.  FrtiXPtin  dissolve*  in  neid  tulpkitt  of  ammomim, 
forming  a  solution  whioh  ia  merely  coloured  yellow  by  ammonia,  being  thereby  distin- 
guished from  ffiBcnletia,  the  yellowish  solution  of  which  in  acid  sulphite  of  ammoman 
assumes  a  darker  colour  on  addition  of  amraooia,  and  when  sabeequently  shaken  up 
with  air,  liwnmes  blood-red,  uud  flaally  dark  indigo-hlue.  (RocUleder,  Gm-  XTi24.) 
WW^MXXK,  Paviin. — A  iluoresceat  substance  existing  in  the  bark  of  the  commas 
ash-tree  {Frajcinus  e^ccelsinr),  and  probably  in  that  of  other  species  of  Frarinm  ;  aim, 
together  with  aaculin,  in  the  bark  of  the  horse-chestnut  {Maeultu  Hippoctutanvm) ;  and 
appnrently  of  all  species  of  the  genera  M$culut  and  Pama.  L.  Gmelio.  b  l&ld 
(AiiQ.  €h.  Pharm.  xzxriL  8fi2),  flnt  obserred  that  a  decoction  of  the  bark  of  tli« 
manna  ash  {Fraxinru  omiu,  L.),  exhibits  a  peculiar  blue  colour  by  reflected  light,  sad 
attciboted  this  uppcarance  to  a  peculiar  iridescent  substance  {SehiUerttof)  existing  io 
the  bark.  Salro-Horfltmar  in  1866  (Pogg.  Ann,  xcrii.  637)  obaerred  a  similar  ap- 
pearance (fluorescence)  in  tho  infttsion  of  the  bark  of  Fraxinut  exeeltior,  and  in  1M7 
(Pogg.  Ann,  c  S07),*  he  obtained  the  substance  on  which  this  effect  depends,  in  tbs 
separate  state,  eiaminod  many  of  its  properties,  and  gave  it  the  name  of  f  raiin,  Ttis 
nibttance  w«k  furthiT  eiamiued  and  analysed  by  Koch  led  er  (Pogg.  Ann.  crii.  331). 
Stokes  in  1858  (Cliem.Soc  Qu.  J.  ii.l7)  obtained  from  horse-chestnut  bark,  prt-riooslT 
known  to  contain  a  Bubstanco  exhibiting  a  pky-blue  fluorescence,  tiz.  aracuiio  (i.  flo'\ 
another  fluorescent  substance  exhibiting  a  bluish-green  tint,  to  which  he  gave  tha 
name  pariia,  Arom  the  genua  Pavia,  in  all  species  of  which  it  appears  to  euVt  in 

ftater  abundance  than  in  the  genus  JEaetdia.  Subsequently,  in  1859  (Chem.  Soc  Qd. 
xii.  126),  Stokes  suggested  that  this  body,  paviin,  was  identical  with  finxio,  nd 
the  correctness  of  this  idea  has  been  di^aionstrated  by  the  expeiimenta  of  Bodlkda; 
who  has'also  obtained  fruxin  from  horse-chestnut  bark. 

Prtparation. — a.  From  tho  bark  ot  Fraxinus  exethior.  The  deeoction  of  the  batk 
stripped  at  the  flowering  time  is  precipitated  by  neutral  acetate,  and  the  filtrate  by 
basic  acetate  of  lead  ;  the  latter  preapitate  is  difiu^ed  in  Wiiter  and  decomposed  by 
sutphydric  acid;  and  the  lii^uid  la  evaporated  to  the  crystaUising  point  (8ala< 
Horatmar.) 

6.  J^Wni  Horst-chettnut  hark. — I.  The  aqneous  decoction  of  tlie  bark  is  mixed  wbca 
cold  with  such  a  quantity  of  a  ferric  salt,  that  on  widing  ammonia  to  a  sample  of  ths 
liquid,  the  nnscipitate  immediately  separates  in  flocks,  and  the  supernatant  liquid  «i- 
hibibtt  a  yellow  colour  and  atroug  flttoreseenoe;  the  whole  is  then  piwdfntated  by 
ammooia ;  about  one-fourth  of  the  filtrate  precipitated  br  acetate  of  lead,  aroidine  u 
excess ;  the  precipitate  immediately  redissolved  by  addition  of  acetic  or  of  dilute  mtne 
acid ;  this  solution  added  to  the  remaining  throcsfonrtha  of  the  aboTe-mentioi»d  fil- 
trate after  the  latter  has  been  acidulated  ;  tho  mixture  precipitatad  by  ammonia  {A\ 
tho  filtrate  with  basic  st-etate  of  lead  (B) ;  the  two  precipitates  sepantalj  dissohrM  ia 
acetic  acid ;  and  the  flJterexl  solutious  le^  to  crystallise. 

The  solution  of  A  yields  fraxin  (pariin),  and  that  of  B,  lescolin  (Stokes).  Frudn 
or  paviin  may  also  be  separated  from  jpscuHa  by  its  great/r  solubility  in  ether,  (l  60) 

2.  Horse-chestnut  bark  is  exhaasbed  with  alcohol  of  35°  Bm, ;  the  filtered  dewxtion 
is  precipitated  by  an  alcoholic  solution  of  neutral  acetate  of  lead  ;  the  precipitate  («»- 
tainiog  fraxin  and  the  tannic  acid  of  the  bark)  is  washed  with  alcohol,  suspeadcd  iB 
water^  and  decomposed  by  sulphydric  acid ;  the  fluorescent  watery  liquid  is  evapOMttd 
in  vaeao  crrar  oil  of  vitriol ;  the  pulverised  residue  ia  trt'uted  with  a  small  quantity  of 
water  at  0<*  C. ;  tlie  tannic  acid  solution  is  rapidly  separated  from  the  eryttils  of 
fraxin  ;  and  the  ciysbals  are  purified  by  recrystallisahon.     (Rochleder.) 

Ptopertifs. — Fraxin  crystallisea  in  tufts  of  yellowish-white  needlea  (Salm-Horst- 
mar);  in  colourless  crystals  resembling  those  of  sulphate  ct  sine  (Bochleder).    it 

*  Keller,  Id  tR.'iS  (Rcperl.  Fhann.  xll*.  4SS).  lijr  precjpllalinfr  the  aquroui  drcoctinn  ofstli-bvli  >1tti 
bulc  aceUlo  of  lead,  and  i>ta|K)r;itiDg  Mir  AltrKlc.  nbtaioMl  bitter  prlims,  rffardf><i  I>t  him  a*  •  Ni««.  vU 
dMljrniitad  by  B^itcltavr  u  rraiioJne,  Haehl«der  and  Schwari  (Ann.  Ch.  Pharm.  ls«v«ii.  I*C), 
l»jr  ttie  Mine  prooftM,  obtilni-ii  4  li(tt«r  brnwnlih -yellow  estrnct  conintninKDaedlv-ahaiwtl  crT»u)»,  whirti, 
when  Durlfled,  proved  to  be  notlvlii({  but  nmnnlte,*  re»all corroborated  by  Stenhouie{Piiil.  JUaj.[«l 
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is  inodoroQfl,  bat  bM  a  nlightly  l>itU>r  and  aflerwanii  aatrutgent  tAa\*.  It  diMolvM 
•pariiigljr  in  colli,  easily  in  hot  lootrr,  sparingly  in  cold,  moderately  in  hot  alooh>l\  and 
\»  Mparated  from  the  alcoholic  soltition  by  animal  charcoal ;  insoluble  id  ttkrr  (Salm- 
Horstmar),  more  soluble  in  ether  than  «p«culin  (Stokaa).*  The  eono«itnt<Ml 
aqufonn  solution  is  y*Ilow  and  has  an  add  reaction  ;  when  Imr^ly  diluted,  it  exhibits 
by  daylight  a  atrong  blue  flnorrpcence  (blue>gre«u  accordiiig  to  Stokea,  who  moreOTer, 
finds  that  the  optical  prop<>rtie«  of  fnixin  tnm  aah'bark,  and  of  pariin  frooi  hom- 
chestnut  bark,  are  absolutely  identical).  The  flttoreteeaee  is  inerMsed  by  the  presenos 
of  a  trace  of  alkaM,  but  disappears  on  addition  of  adds.  The  aloohoiic  solution  is  like- 
triae  flaonescent  (Salm-HorBtmar), 

Tho  squeouH  solution  is  coloured  aulphur-ycllow  by  alkalis,  the  errstala  also  turning 
yellow  in  air  containing  ammonia ;  it  is  coloured  green  by  ferric  chloride,  and  then 
yields  a  l«mon-yellow  precipitate;  it  likewise  forms  a  yellow  precipitate  with  acetate 
of  lead.     (Salra*  Horstmar.) 

Fruxin  (from  aflb-btirk)  melts  at  a  genti«  heat  (Salm-HoFstmar),  at  320<^  C. 
forming  a  red  liqaid  (Roch led er)  ami  solidifies  to  nn  amorphous  mass,  whi<;h,  ac- 
cording to  Rochleder,  disaolves  ia  waiter  with  orange-red  oolcmr.  At  a  higher  temper- 
ature, it  decomposes,  yielding  a  -rrystaUine  aablimate,  soluble  in  water,  and  forming  a 
solution  which  becomes  yellow  and  tinoreaccnt  on  addition  of  arajnonia. 

Fraxin  digested  with  dilute  sulphuric  acid  ia  resolyed  into  glucose  and  fraxetin. 
The  eqoation  which  represents  this  decomposition,  Taries  of  course,  according  to  tho 
fonnula  assigned  to  firaxin,  which  cannot  be  considered  as  definitirely  settled.  Bocb- 
leder.  &om  hia  first  analyses  of  firaxin  (from  ash-bark)  dried  between  100*^  and  120^, 
ftMiigaed  lo  it  the  formula  C**fP*0"  or  C**H *<►'',  and  represented  ita  deMmposition 
under  the  inflnenoe  of  acids  by  the  equatioo : 

c«n*^"  -h  ffo  -  20"H"0»  -»-  2(ywo*. 

FrailQ.  Fraxftln.  Olurote. 

Warts,  howerer  (Rep.  Chim.  pure,  i.  473),  concluded  from  RocUedex's  own 
anHlyses,  that  its  formula  was  most  probably  C"*iPO"  or  C"H"0",  according  to 
which  its  decomposition  would  be  repreeeDt4?d  by  the  equation; 

Hore  recently,  Rocbleder  (Fogg.  Ann.  erii.  331)  from  the  quantity  of  glucoso 
yielded  by  the  decompositioD  of  fraxin  (from  horse-chest  out  hark)  ooodudea  that  its 
formula  is  C^H**0",  its  decomposition  taking  place  as  shown  by  the  equation: 

C"H"0"  +  3HH>  -  C'»H»*0«  +  2C"H'»0«. 

See  foot-note,  p.  708. 

.  A  name  applied  by  Mouchon  (Vierte^'ahr*.  per  Pharm.  iii.  4331 
to  the  dried  extract  of  aah-leaTca,  preTioualy  precipitated  by  basic  acetate  of  lead 
and  fr<L-<Hi  from  exc«s8  of  lead  by  snlphydric  acid.    It  is  not  a  definite  substance. 

VSAXZXnrs.  The  dried  leares  of  the  common  ash  (Prannitt  etednor)  contain, 
according  to  Sprengel  (J.  f.  okonom.  Chem.  vii  269)  39*3  per  cent,  of  substances 
soluble  in  water  (tfinnin,  &c.),  42*3  per  cent  matter  soluble  in  dilute  potssh,  also 
wiuK,  resin,  woody-fibre,  &c,  and  6*22  per  cent.  ash.  According  to  G  a  rot  (J.  Pbann. 
[SIxzIt.  308)  the  leares  contain  a  targe  quantity  of  malate  of  calcium. 

The  soft  white  wood  of  the  same  tree,  of  ^cific  grarity  07  to  09,  yields  23  per 
cent  ash  (Mollerat),  0'£6  (Sprengel). 

The  following  it  the  composition  of  the  ash  of  the  wood  and  leaves,  according  to 
^ttengel's  analysis. 

K*0      K4\»    CkO     MgO     AI*0>F«*0*     MaH}>  SO>    piO*     SiO*     a 
LeATM       .    m         1-6        M)-3        «a  0-09  6' I        6-6       M        l-^a  »-5 


Wood        .    S9-*       843       S3-1        d-S        1-3  l«  SI        I  »       SS       rO-lOOD 

The  existence  of  n  f^imreseent  sabstanee,  fraxi  n,  in  ash  bark  has  been  noticed  in  a 
preceding  article.  TI}o  aqueous  d<><>o<!tion  of  the  bark  exhibits  the  blue  or  bine-green 
fliiort'socnce  due  to  frtixln  ;  th«'  alcoholic  extract  exhibits  a  blood-red  Unorescence  from 
s  d  m  ixt  uro  of  chloropl  i  v  1 1  wit  h  th  p  f nixi  n.    (S  n  I  m  -  H  o  r s  t  m  a  r. ) 

The  seed  of  tho  iwh  tree,  formerly  uwd  offlcimilly,  bs  Semen  tingv^  avis,  yields  to 
Hher  18  per  cent  of  an  oil  having  tho  odour  of  bugs,  (Keller,  Buchn.  Repert 
xHt.  439.) 

The  bark  of  the  manna  aeh  (Frarinua  omus,  L. ;  Omua  europ»tt»,  Pers.)  contains 
Tnansa,  which  exodos  from  it,  partly  spontaneously,  hut  more  freely  from  incisions. 
The  same  bark  contains  a  fiuorescont  substance  (L.  Gmelin,  p.  708),  probably  frazin, 

*  Thli  nbierTMlxn  apr'nc*  to  (raxiu  from  uh-bark,  u  well  ai  to  pavlin  fron  hort*-ch«»tniit  bark. 
(CHeia.  Soc.  Qa.  J.  ^.  >7.) 
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kod  according  to  Dufour  (Compt.  rend.  li.  Zl),  eaaflj  yields  a  fluorescent  aqueou 

infiision. 
IVBIBBSOZTS.    An  argentiferons  Tariety  of  totrahedrite,    (Dan  a,  ii.  512.) 
rSfiXS&SBSiriTB.     Antiitionial  Stdpkuret  of  Silver,     8ckil/gla»er*.—A.  muie- 

ral  occurring  in  raonoclinic  prisms  longitndinftlly  Btnatod  and  cleaTiog  pandlel  to  fl»P. 

Hiirdness  ^  2—2-5.     Sf*oific  grayity   64 — 6-194  (H»nsm»nn).     Lustre  m«tallie. 

Colour  *nd  streak  light  steel-pry,  inclining  to  silver-white ;  also  bkckiab  lead-gray. 

Yields  easily  to  the  knife  and  is  rather  brittle.     Fracture  ooacboidal  to  unereiL    Bo> 

fore  the  blowpipe  on  charcoal,  it  emits  copious  white  vapours  and.  a  sUgbr  sulphnroai 

odour,  deposits  oxide  of  antimony  and  oxide  of  lead  round  the  naamj^  and  finally  kares 

a  white  metallic  globule. 

Antdytca. — 1.  From  the  Himmelsfiinit  mine  near  Freiberg.     Specific  grariCy  6iM 

(Wohler.  Pogg.  Ann.  xlri  146).— 2.  From  Hiendelenona  in  Spain.  Specific  ^vity 


66 — 5-7  (Eacosuru,  Ann.  Min.  [5]  \m.  496).— 3.  From  Pmbram, 
Jahresber.  {,  Ohem.  1860,  p.  746). 
S  8h  Pb 

1.  18*74        27-38        30-27 

2.  17-60        26-83        31 90 

3.  18-41         27*11         3077 


bemia  (.Fayr, 


Cu 

F« 

1-22 

0-11     -     100-6fi 

,      , 

.      .     -       9878 

,      , 

0-68     ->     100-05 

1 


Ag 
22*93 
22-45 
2308 

Vrom  the  second  analysis,  Ilanimelsberg(M'nera^A(rn»e,p.82)  deduces  theformnlt 
9M«S.4Sb»0'  which  may  be  supposed  to  be  made  npof  8(2M»S.Sb*S«)  +  3M«aSb»8«,  or 
SM*Sb*S*JiBP8bS*.  the  first  member  of  which  is  analogous  to  Srognianitte  and 
Jamesonite,  the  second  to  red  silver  ore  and  Boulungerite. 

Freislebenite  occnrs  also  at  Kapnik  in  Transylvania  and  at  Ratieborxitx,  the  are  of 
this  Inst  region  containing  blsmuto,  according  to  Zincken.  An  antimonial  sulphide  cf 
silver  is  said  to  occor  with  native  silver  and  native  copper  at  the  copper  mines  tt 
Michigan.  (Dana,  ii,  79). 
rKSxrCB  BsaiUES.  See  Ybixow  Bnuuss ;  also  Ksajctus. 
TSLS3XCR,  POU6B,  A  solution  of  shellac  in  alcohol,  sometimes  also  oontninioig 
gum  elomi  and  copal,    (See  Urf's  Dictiovary  of  Artt,  &c.,  iL  298.) 

TUrtrMJ^OMXA.  XXiSPERXAlLXS.  Crown  Imperial,— Ihti  bolbs  of  this  plaat 
are  recommended  by  Basset  (Compt  rend-  xxx^-ii  408)  as  a  substitute  for  the  potato^ 
especially  as  a  source  of  starch,  of  which  they  contain  a  rather  larger  propcirtkn  tbaa 
the  potato,  as  will  be  seen  by  the  following  table. 

st.«b.     ^:^^^    ,,S7„, 

Potato     .        .        .    70    .        .    20    ,        .    4    .        .6 

Crown  Impen'al         .     68     .        .     23     .        *     6     *         ,4 
FSiZTT*    A  term  applied  to  the  mixture  of  the  materials  for  glaas-maldiig,  after  ii 
bus  ber^n  calcined  at  u  heat  not  sufficiemt  to  melt  it. 

FltVIT.  The  word  fhiit,  in  botanical  langnage,  signifies  the  ovary  or  seed-wtRl 
arrived  at  maturity,  or  in  it«  progress  towards  maturity  after  the  impreenation  of  tiie 
seed.  Every  fruit  consists  of  two  parts,  the  seed  and  the  pericarp,  tne  latter  «nn- 
priifing  everything  that  is  external  to  the  seed,  and  being  formed  of  the  intcgumnti 
of  the  ovarj-,  often  greatly  thickened  and  hardened,  together  with  any  parts  of  the 
flower,  such  as  bracts,  oalyxea,  &c.  that  may  remain  attached  to  the  ovary  after  impr««^ 
oatioQ.  The  pericarp,  moreover,  oonaists  of  three  parts,  the  e  pi  carp,  which  is  Ibe 
external  tntegiuneat  or  Bldn,  the  endocarp  or  putamen,  which  is  the  inner  coat  nr 
aholl,  and  the  aaroocarp  or  mesocarp,  intermediate  between  the  other  two,  aad 
generally  having  a  more  or  less  fleshy  consisteQce  ^t  is.  in  fact,  the  8a«ro«jp  wbich 
forms  the  fleshy  or  pnlpy  moss  of  those  succulent  fenits,  such  as  the  apple,  pear,  peach, 
plum,  grape,  &c.,  to  which  the  term  fruit  is  mostly  applied  in  orditmry  language. 

All  parts  of  the  flower  are  modifications  of  the  leaf,  the  ovarr  in  particular  being 
toade  up  of  a  leaf  or  a  number  of  leaves  folded  or  rolled  up.  Hence  it  may  be  ei- 
pected  that  the  Iruit  in  its  early  stages  of  development,  will  have  much  tlie  ■*tni»  cbcad- 
cal  compoeition  as  the  leaves  tnemselves,  and  will  be  acted  upon  in  the  aane  sttimer 
by  external  agencies.  Uuripe  fruits  are,  in  fact,  almost  always  green,  and,  like  otlur 
green  porta  of  the  plant,  decompose  the  carbonic  acid  of  the  air,  Uberating  the  os^ea 
and  assimilating  the  carbon,  and  forming  within  their  cells  a  variety  of  oompaandB, 
some  soluble  in  water,  such  aa  vegetable  acids,  gum,  and  sugar,  others  insoluUe,  saeh 
as  collttlose,  pectose,  and  starch  ;  at  the  same  time  they  take  up  a  certain  amount  of 
inorganic  salts.  During  the  whole  of  this  stage,  the  fruit  increases  rapidly  in  balk 
and  weight.  But  as  it  approaches  maturity,  it  loses  its  green  colonr,  beooming  brows, 
yellow,  or  red,  and  then  no  longer  acts  on  the  air  like  the  leaves,  but  on  the  <ootzazy 
absorbi  oxycen,  which  unites  with  a  portion  of  the  carbon  and  hydm^co  of  the  fnc^ 
converting  them  into  carbonic  acid  and  water,  which  are  given  oS.  In  this  latter 
Btiige,  indeed,  the  fniit  undergoes  a  slow  combustion,  several  of  the  proximate  prioci- 
olei  whicli  it  coutmaB  in  tiie  ura\^  ^ale,  cVw^.-g  V\ift-<;«s^eltt.ble  adds  and  tannin,  beiqg 
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thereby  bornt  away,  w  that  the  frtiit  b«!om«  leu  soar  and  astHngent ;  at  the  Mtn« 
time,  tha  atareh  in  the  cells  of  the  frnit  ia  tranaformed  into  nt^fittr,  and  the  insoluble 
p«ctoa«  into  pectin  and  other  aoluble  aubatanoea  of  allied  composition,  and  having  more 
or  Iflu  of  a  gelatinous  chanurter.  It  is  in  this  state  that  the  fruit  is  generally  eaten  ; 
if  left  for  a  longer  time  on  the  tree,  and  in  many  cases  by  mere  exposure  to  the  air 
after  removal,  it  undergoes  a  further  oxidation,  by  which  the  sugar  and  the  remaining 
acid  are  likewise  destroyed,  so  tliat  the  fruit  beoomea  inaiptd ;  in  this  state  it  is  said  to 
be  over-ripe.  After  a  still  longer  tune,  the  cellnloae  itself  ia  attacked,  so  that  the 
pericarp  ia  ultimately  destroyed  and  the  seed  set  at  liberty. 

The  dimiaution  of  acidity  in  fruits  as  they  ripen,  is  sometimes  attributed  to  nen- 
tzalisation  of  the  free  acids  by  alkalis  conveyed  to  the  (rait  by  the  aap ;  the  soar  tante 
ia  also  aaid  to  be  masked  by  the  sugar  and  gelatinoos  rabatancea  derebped  in  the  couiae 
of  tnatoration.  The  latter  explanation  is  doubtless  true  to  a  certain  extent,  but  with 
regard  to  the  former,  direct  experiments  by  Decaisne  and  FrAmy  have  shown  that  the 
proportion  of  mineral  basea  does  not  increaae  na  the  fruit  ripeua,  but  that,  on  the  other 
liand,  the  proportion  of  acid  in  the  ripe  firait  ia  tkliraya  leaa  than  in  unripe,  the  deereaae^ 
aa  alreadv  ofaeerved,  being  duo  to  oxidation.    (Pelouae  et  Fr^my,  Traitl.  \x.  361.) 

The  foUowing  analyses  by  B^rard  {Gmdin't  Handbuck^  Tiii.  [I]  164)  of  fruits  in 
the  ripe  and  unripe  state  —  which  mnst  be  regarded  as  merely  approximate —  confirm 
in  a  general  way  the  view  of  the  ripening  process  above  given,  showing  that,  as  the 
fruit  ripens,  the  sugar  inereasee,  the  gam  aaBetiniea  increaaes,  aometimea  decreaaea, 
the  woody  fibre  increases  to  a  ontain  extent  abaolntely,  but  diminiabea  raUtiTely  to 
the  weight  of  the  entire  fruit  With  regard  to  the  relative  quantity  of  add  in  the 
ripe  frmt,  B^rard's  antdyses  show  an  increase  in  motit  cases,  which  is  contraty  to  the 
results  obtained  by  Fremy ;  the  latter  are  doubtless  the  more  trustworthy  of  tlie 
two. 

ComponUon  t)f  Hpt  and  tmripe  Fntit.    (B  6  r a  r d. ) 


Chlorophyll      . 
Yellow  oolooring  matter 

S?"    •    • 

Gum 

Woody  fibre      . 
Nitrogeuons  matter 
Midic  add 
Lime 
Water      . 


Summer  pMebet.      GrMnc«gt». 


vnrlpe. 
0-27 


0-63 
4'22 
301 
0-41 
1-07 
008 
&0-31 


rtpe. 
0-0 


11-61 
4*86 
1-21 
093 
MO 
0*06 

80-24 


unrlpa. 
0-03 


17-71 
6-63 
1-26 
0-45 
0-46 
trace 
74'-S7 


100  00  lOO-OQ  100  00  10000  100-60 


rtpe 

008 


24-8t 
2-06 
Ml 
0-28 
0-£6 
trace 
71-10 


ApTieoU. 


unripe. 
0-04 


tcnii««tMt 
ripar. 

003 


trace  6-64 

410  4-47 

3*61  2-53 

0-76  0-34 

2-70  2-30 

very  small  quantities 

89  SO  84-49       74  S7 


ripe. 


0-10 
16-48 
fil2 
1-86 
0-17 
1-80 


100-80 


100-40 


100  pts.  of  nnripe  aammer  peaches  were  estimated  to  yield  179  pta.  ripe  fruits 
100  pta.  of  uflripe  greengages  were  estimated  to  vield  129  pts.  npe  fruit 
lOO  pta.  of  unripe  apricots  were  estimated  to  yield  200  pts.  ripe  fruit 


Oooieberri«i. 

Cherrit*. 

FflM.                          1 

unrips,     ripe. 

mriiM.     ripe. 

hard         toft. 

OTrr-rlpo, 

OUorophyll      . 
Bed  oolouring  matter 

0  03       .    .' 

0-06        .     . 

not  exactly  d<> 

0-08        001 
tennined. 

004 

Sugar       .... 

0-52 

6-24' 

112 

18-12 

6-46 

ir82 

8-77 

Gum 

1-36 

0-78 

6-01 

3-23 

3-17 

2-97 

2-62 

Woody  fibre     . 

8-46 

8-01 

2-44 

1-12 

3-80 

2-19 

1-85 

Nitrogenous  matter 

107 

0-86 

0-21 

0-67 

0-08 

0  21 

023 

Malic  acid 

1-80 

2-41 

1-76 

2-01 

0-11 

008 

061 

Citric  add 

0  12 

O-.'Jl 

Lime 

024 

0-29 

014 

0-10 

0-03 

004 

trace 

Water      .       .       . 

86'41 

8110 

88-28 

74-&6 

86  28 

83  88 

62-73 

lOO'OO 

too  00 

1 00  00 

lOOOO 

100-00 

100-00 

76-85 

In  the  goosebemes,  the  seeds  as  well  as  tin?  pulpy  matter  are  incladed  in  the  woody 
fibre.     The  hard  pear  wa«  ripe,  and  analysed  immediately  after  it  was  plucked ;  the 
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floft  peiif  wa^:  of  tfao'miDO  Tunety,  ami  had  txxmi  "kept  for  flame  time  expoMi!  to  ffieur, 
titc  oxygen  of  which  it  had  coiiT«rt«d,  withont  change  of  Tolome,  into  carbonic  idd, 
posing  at  the  same  tinio  077  per  cent,  carbon  and  becoming  richer  in  migar  ud 
poorer  in  gum  and  woody  fibre.  The  orer-ripe  pear,  alao  of  the  same  TBriety,  f 
been  kept  till  its  weight  vrw  reduced  frota  100  to  76*86  pnrts. 
A  Tfiiy  important  part  of  the  ripening  process  in  succolent  fitrita,  «uch  as  the  i ,  ^ 

E-ar,  plum,  grap?,  dec,  those  in  short  to  which  the  term  frnit  is  applied  in  ordioaiy 
Dgttag«,  ooDsiste  in  th^  gradutil  transformation  of  aabstances  of  tbe  pectoos  groap. 

Unripe  fruits  contain  pectose,  a  substance  insoluble  in  water,  alcohol,  and  etfaer, 
which,  by  the  action  of  the  acids  in  the  frait^  and  of  a  peculiar  ferment  called  pectase, 
is  gradnaUy  transformed  into  other  atib«tanoe«,  pectin,  pcetic  acid,  pectosieaeid, 
&&,  all  flolnble  in  water,  possessing  more  or  leas  of  a  gelatinona  character,  aad  diflkiiqg 
in  composition  from  pectose  only  by  contuning  one  or  more  molecule*  of  water  ia 
addition.  The  fint  change  appears  to  consist  in  the  conversicm  of  the  pectow  into 
pectin  and  pampccbin  by  the  action  of  the  adds  (chiefly  citric  and  malic)  of  tbe  fiul 
nmiBr  the  influence  of  heat,  the  frait  at  the  same  time  losing  itA  hardneea.  As  tht 
process  of  ripening  advances,  the  pectin  and  parapectin  likewise  disappear,  being  coa- 
Terted sncceasively, by  the  action  of  pectaae,  into  pectosic,  pectic,  and  metapeetie 
acids.     Over-ripe  firaita  always  contain  metapeetie  acid,  without  a  trace  of  pectin. 

The  conversion  of  the  starch  of  the  nnripe  into  the  sugar  of  the  ripe  fruit  is  effedad 
partly  by  the  citric  and  malic  acids,  partly  by  the  metapeetie  acid. 

When  foijts  are  boiled,  the  formation  of  pectin  takes  place  in  the  same  manner  is 
in  the  ripening,  the  action  being  likewise  accelerated  by  the  presence  of  adda.  Tlis 
formation  of  jelly,  which  takes  place  after  some  time,  depends  upon  the  convemoB  of 
pectin,  hj  the  ocdon  of  pectase,  into  pectic  or  pectosic  acid,  or  on  the  aolotion  of  tbe 
pectic  acid  in  the  salts  of  an  oi^anic  acid  contained  in  the  fruit.  The  juiee  of  goim 
bemefl  often  gektinises  very  quickly  when  mixed  with  that  of  raapberriea;  beeauae 
the  latter  is  rich  in  pectase,  which  converts  the  pectinof  the  former  into  gelatinous  pectoaie 
add.     (Frimy,  Ann.  Ch.  Phys.  [3]  xiiv.  5  ;  Jahresber.  f.  Chem.  1847-8,  p  807.) 

According  to  Bnignet  (Ann.  Chu  Phys.  [3]  bd.  230),  tbe  sugar  of  friiita  is  forncd, 
not  ftom  starch,  but  from  an  astringent  substance  reeembling  tannin,  which  ia  eontaiiMd 
in  the  unripe  fhiit^  and  diminishes  in  quantity  as  the  fruit  ripens.  Thia  sufaetanee  is 
aaid  by  Buignct  to  unite  with  iodine  even  more  readily  than  ataich,  forming 
H  coloorlesA  insoluble  compoand.  which  is  converted  by  dilute  adds  into  dextTOgloAMt^ 
identical  with  that  formed  from  starch.  Buignet  further  states,  that  the  ptesoaee  d 
starch  cannot  bo  detected  in  any  green  fruit,  excepting  the  banana,  either  by  iodine 
or  by  the  microscope. 

Payen,  on  tljo  other  hand  (Cbmpt.  rend,  liii  313),  haa  given  a  method  by  whid 
the  preeeuee  of  starch  in  unripe  fruits  and  its  gradual  oonvenion  into  sugar  may  W 
easily  demonstrated.  A  thin  slice  cut  out  of  the  middle  of  the  friik  is  washed  vitk 
water,  and  immersed  in  an  aqueous  solution  of  iodine  mixed  with  a  little  akehel ; 
a  blue  colour  is  then  immediately  produced,  varying  in  intensity  according  to  tlis 
quantity  of  starch  presents  The  reaction  is,  however,  often  masked  by  the  pr«wnn 
of  coloured  or  colouring  matters,  or  of  nitrogenous  compounds  in  the  fruit ;  morroTCr, 
the  Btarch,  when  present  in  very  small  and  only  partially  united  granules,  qaiddy 
loses  the  colour  produced  by  iodine. 

These  or  similar  causes  of  error  may  perhaps  have  led  to  the  negative  resolti  ob- 
tained by  Buignet  as  to  the  presence  of  starch  in  unripe  fruits. 

The  sugar  of  fruits  consists  partly  of  cane-sugar,  C'H^O",  partly  of  inverted 
sagax,  C"H'*0",  a  Ijevo-rotatory  uncrystallisable  sugar,  identical  in  composition  and 
optical  rotatoiy  power  with  the  mixture  of  Invo-  and  dextro-glncoee  produced  from  cane- 
wogar  by  the  action  of  acids,  or  of  Berthelot's  glucose-ferment  {q.  v.).  According  to 
Buignet  (loc.  efit),  the  cane-sugar  is  formed  first,  and  is  gradually  but  in  most  oases 
only  partially  transformed,  during  maturation,  into  inverted  sugar,  the  changes  being 
produced,  not  by  the  action  of  acids  (for  the  quantity  of  inverted  sugar  in  diileRiit 
fruits  bears  no  proportioQ  to  the  quantity  of  acid  present),  but  to  a  nitrogenoos  sob- 
stance  resembling  Berthelot'a  glucose-ferment  obtained  from  ycaist.  This  ststmnait 
respecting  the  conversion  of  the  cane-sugar  into  inverted  sugar  is,  however,  not  quite 
in  accordance  with  the  obaervations  of  Bertfaelot  and  Buignet  (Compt.  wn(lli.l094^ 
oo  the  formation  of  sugar  during  the  ripening  of  oranges ;  from  which  it  appears  that 
the  inverted  sugar  predominates  in  the  unripe,  and  tbe  cane-sugar  in  the  ripe  ftuit, 
and  that  the  wfight  of  the  inverted  sugar  alters  but  little,  whereas  that  of  tbs  eaits- 
Bogar  increases  during  rii>ening  in  proportion  to  the  weight  of  the  enrire  fruit,  as  wi 
as  to  that  of  the  juice  and  of  the  solid  substances  contained  in  it 

The  following  tahle  contflins  the  analyses  of  a  considerable  number  of  ripe  fruils  by 
Fresenius,  and  others  working  under  his  direction  (Ann.  Ch.  Ph&rm.  d.  219;  JahrMb<r. 

Chem.  IS57|  63&V  Vat  fruit  having  been  pressed  or  saturated,  and  the  soluble  and 
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inwlnble  portionfl  aepontcd  by  fltraining  through  a  colander,  dgt»nniniti<ii 
nuulo  in  Mpat&te  portions  of  the  former ;  of  the  amotmt  of  dry  mbstaxioe,  aafa,  i 
(by  metUB  of  FehUng's  solution  of  cnpric  oxide  and  soda),  &v«  aciil  (by  litxatioB'vitii 
catutie  aoda),  and  albaminouB  rabfltaocM  (by  determining  the  uiKnuit  ^nitrtjgca,  ud 
reckoning  100  pta.  of  albaminonB  sab«taac«8  for  erexy  15*6  nitrogen).  The  iaaolBlk 
portion  wm  dned  at  100°  C,  and  the  amoont  of  aah  determined ;  when  prvihl^  th« 
weight  of  the  Rtoaee  or  kernels  was  Bepanitcly  estimated ;  and  a  aeparaCe  portioa  d 
the  insoluble  matter  viis  digested  for  eome  time  with  dilute  snlphnrie  add,  to  dete^ 
mine  the  amount  of  pectons  auhetancei  left  undimoWed  bj  that  acid. 

The  fugar  in  the  tabic  conmata  of  glnooee  and  fruit-sugar  (dextro-  and  bero-^iaeaee); 
the  am<rant  oifree  acid  is  redii£«id  to  ita  eqmTalent  in  nudic  add ;  ^eciom$  n ' 
tK^  denotes  soluble  sabetances  of  the  pectooa  groop,  together  inth  gtai,  < 
matter,  Ran>ended  fatv  and  combined  organic  adda.  The  aah  o/t  the  insolnble  |_ 
is  already  included  in  the  weight  of  the  kernels,  skins,  &c,  and  is  therefore'plaeid 
within  bracketa. 

From  thcfle  analjaea,  the  following  eompnratiTe  c«timate«  may  be   made  at  Iha 
sverage  amount  of  sugar,  free  adds,  pectin,  &c,,  in  differfnt  kinds  of  frost. 

I.  Comparison  of  fVuita  at  to  their  average  Jmount  (ff  Sugar. 


Per  wnt. 

Peach 1-67 

Apricot 1-80 

Plum,  rooad  red   .        .        .        .  2*12 

Greengage    .....  3*12 

MinibeUo 3M 

Raspberry 400 

Blackberry 444 

Strawberry 6  73 

Bilberry 6-7& 


Currant 619 

Mnasel  Plain  .         .         .         .    C-M 

Gooseberry 7iJ 

KedPear 7*4i 

Apple r87 

Sour  Cherry 8*77 

Mulberry 9-W 

Sweet  Chcny        ....  10^9 
Grape U-JJ 


n.  Compariaon  of  Fruitt  as  to  their  average  Amount  o/Jree  Aeid,  reduded  Is  tis 

EquivaUnt  in  Malic  acid. 


R»>d  Pear 
MirabeUe 
Sweet  Cherry 
Pexich  . 
Grane  . 
Apple  . 
Muiisel  Plum 
Greengage 
Apricot 


Perwnt. 
007 
0-68 
0-62 
0-67 
074 
0-76 
0-89 
0-91 
1-Ofl 


Blackberry M» 

Sour  Cherry 1-3JI 

Plum,  round  red  .         .                  .  I'tfi 

Strawberry 1-81 

Bilberry 1-J4 

Gooseberry 1-45 

Easpberry 1*48 

Mulberry \M 

Cuxrant SIM 


in.  Comparison  of  Fruits  as  to  their  average  Proportion  of  Add,  Sugar, 
Pectin,  Chtm,  ^. 


Add. 
Plum,  round  red 
Apricot  . 
Peach     . 
Baapberry 
Carrunt  . 
Greengage 
Blackberry 
Bilberry . 
Strawberry 

IV.  Comparison  of  Fruiis  as  to  their  aoer< 
JnsofubU 


Surar. 

P*cUn, 
Oum,  &c 

1-63 

314 

165 

635 

2-34 

1104 

2-70 

0-96 

3(J0 

007 

3-43 

1183 

3-73 

1-21 

4-31 

0-41 

4-37 

0  08 

Add. 


Gooseberry 
Mulberry 
MirabeUe 
Soar  Cherry 
Mussel  Plom 
Apple 

Sweet  CJheny 
Grape     . 
Bed  Pear 


8<tcar. 
4-98 

620 
BU 
7-03 
1116 
17-29 
20-18 
94^0 


076 

no 
»^ 

HI 
4X 

6^ 

2-76 

21)3 

44-40 


•age  Proportion  of  Water,  and  of  SolvUe  md 
ConstOwnts. 


Raspberry  . 
BUekberry . 
Strawberry . 
I'lum.  round  red. 
Currant 
Bilberry 
Goosebeny . 
51  ira  belle     , 
Apricot 


VfAMt. 

100 

100 
100 
100 
100 
100 
100 
lOO 
100 


Soluble.  tDKilublv, 
9-12 

e-2fl 

9-30 

9-74 
ll-OO 
12-06 
12-lS 
13-04 
13-31 


688 

KedPear    . 

6-46 

Peach. 

6-Io 

Mussel  Plum 

0-87 

Sour  Cherry 

6*62 

Mnlbenry    . 

1691 

Apple . 

3-57 

Greengage  . 

1-53 

Sweet  Cherry 

207 

Grape. 

Vfttet.    Solitlite. 
.     100        14-25 


100 
100 
100 
100 
100 
100 
100 
100 


141>4 

16-32 
16-46 
16-57 
1639 
18  52 
18-61 
22-81 


6M 

210 
t\6 
131 
1H7 
S-61 
1« 
16S 
6«1 
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The  rerj  amall  oiooant  of  ftlbntninoiu  mbstonoe  in  frniU  (aee  T^blp,  pp.  713-71fi) 
■hovB  tbat  they  cannot  h«  regarded  as  oatntioua  articles  of  diet ;  in  foct,  an  eigg  weighing 
46  grma.,  and  containing  6  gmw.  of  albnminons  matter,  is  equivalent  in  nqtritive  power 
to  550  grms.  of  cherriee,  600  grms,  gnipce,  970  grnu.  Btrawbeniea,  4260  grma.  apples, 
and  2000  grmB.  (or  4  Ibe.)  of  red  pears.  The  great  eicesa  of  non^asotiaed  matter  in 
fruits  ebows  that  they  posaeaa  rather  the  character  of  so-called  reapiiatorj  food.  la 
tliifl  respect  a  pound  of  starch,  or  about  &•&  Iba.  of  potatoes,  might  bi«  replaced  by  6*4 
lbs.  grapes,  6-£  lbs.  greengages,  67  lbs.  cherries,  07  lbs.  appUa,  7*8  lbs.  red  pears, 
78  lbs.  mussel  ploma,  8*4  lbs.  gooseberries,  lOS  lbs.  currants,  12'3  Iba.  strawberries, 
and  12-9  Iba.  raspberries. 

The  raiu*  of  fruit  as  an  article  of  diet  depends,  howercr,  chiefly  on  its  refrenbin^ 
character  and  agreeable  taste,  on  the  demulcent  qualities  <  f  the  gum  and  pectin,  and 
OD  the  physiological  action  of  the  free  acid  and  alkaline  salts  contained  in  it.  The 
effiowy  of  lemon-juios  as  a  remedy  for  sra-sourvy,  may  be  attributed  m  a  great  degree 
to  the  large  quantity  of  potash-saltB  which  it  contains,  inasmuch  as  the  deficiency  ol 
potash  in  the  snlt-meat,  which  forms  so  largo  a  proportion  of  the  diet  of  sea-faring 
men.  appears  to  be  one  of  the  chief  causes  of  that  disease. 

The  agreeable  taste  of  fruit  depends  partly  on  its  aroma,  partly  oo  a  due  proportion 
between  the  acid,  sugar,  gum,  pectin,  &c..  and  between  the  water,  the  soluble,  and  the 
insoluble  constituents.  Luscioos  fruits,  like  the  peach,  greengage^  and  mulberry,  which 
seem  to  melt  in  the  mouth,  contain  a  very  large  proportion  of  soluble  substances.  A 
due  proportion  of  gum,  pectin,  and  other  gelatinous  Rubetan^es  serree  to  mask  the 
taste  of  the  free  acid,  if  present  in  rather  large  proportion  as  oompared  with  the 
sugar.  Such  is  the  case  with  the  peach,  apricoi^  and  greengage  (Table  III.,  p.  716), 
which  contain  but  a  small  quantity  of  sugar  as  compared  with  the  free  ocia,  but  a 
laive  proportion  of  gum  and  pectoua  substances. 

The  very  sour  taste  of  certain  baccate  fruits,  as  the  currant  and  gooseberry,  arises 
from  the  presence  of  a  considerable  quantity  of  free  add,  with  only  a  small  quantity 
of  gum  and  pectin  to  disguise  it. 

The  proportion  of  sugar  in  fruits  is  targelv  increased  by  coltiTation,  as  may  be  seen 
by  comparing  the  oomposirion  of  the  wild  and  cultivated  strawberries  and  ruspbeiriei 
in  the  table  on  p.  713.     (Fresenius.) 

rucva.     See  SsA-WKSD. 

rvCTrSAMISb  C'*H"N*0', — A  compound  isomeric  with  forfuramide,  and 
obtained  fn-iTi  fiK'u«oi  in  the  same  manner  as  fiufuramide  from  fnrfurol,  namely  by  the 
action  of  ammonia ;  but  as  fucUAol  is  much  teffl  soluble  in  iiramonia  than  fiirfurol,  a 
lozger  quantity  of  ammonia  must  be  used  in  the  preparation,  and  the  two  liquids 
mixed  by  frequi^ut  agitation.  Fucusamide  ciystallises  from  hot  alcohol  in  groups  of 
loniT  needles  ;  its  reactions  are  aimikr  to  those  of  furfuramide,  (Stenhouse,  Ann. 
Ch.>harm.  Ijopt.  289.) 

nrcXTSniE.  C'*H'*N'0'.  (Stenhouse,  /be.  r»<.>=Aa  organic  base,  isomeric 
with  fuouiiamide,  and  therefore  with  furfuramide  and  furfurine,  and  obtained  from 
fucnsamide  in  the  same  manner  as  furfurine  from  furfuramide.  When  pure  focus- 
amide  is  boiled  for  twenty  minutes,  with  modemtelj  concentrated  potash  or  aoda-Iey, 
it  melts,  and  is  converted,  without  evolution  of  ammonia,  into  a  slightly  brown  oil, 
which  solidifies  on  coolinc  in  the  form  of  a  yellowish  resin.  This  su^tance  contains 
fucusine,  but  does  not  yield  that  base  in  the  crystalline  form,  even  by  solution  in 
alcohol  or  ether.  The  best  mode  of  obtaining  the  fbcusine  from  it  is  to  digest  the 
mass,  at  a  temperature  a  little  above  its  melting  point,  with  nitric  acid ;  cool  the 
liquid  till  the  reain  solidifies;  decant  the  solution,  and  leave  it  to  itself  till  the  nitrate 
of  fncuBine  crjatallises  out;  purify  tM*  salt  by  recrystallisation  from  water;  and 
decompose  its  pure  aqueous  solution  with  a  slight  ejcess  of  ammonia.  The  fucusine 
then  slowly  wparatea  in  small  laminae  unitwl  m  atellate  groups.  This  form  of  crys- 
tdlisation  distinguishes  fucusine  from  furfurine. 

Hydrochioratf  of  Fucusine  is  very  soluble,  and  separates  from  highly  concentrated 
solutions  in  short  flexible  needles. 

ChtoroplctinaU,  2{C'»H"N»0'.HCl).PtCl*.— When  tetrachloride  of  platinum  is 
added  to  a  cold  aqueous  solution  of  hydrochlorate  of  fucusine,  the  double  salt 
separates  in  the  form  of  a  yellow  crystaUine  precipitate  ;  but  if  the  solutions  are 
mix'*d  hot,  and  espocially  if  a  little  aleohol  is  added,  broad  four-sided  prisms  are 
obtained,  hnving  two  wide  nod  two  narrow  faces,  and  differing  altogether  from  the  long 
needle-shaped  crystals  of  the  coneaponding  fnrfurino-salt. 

■Silrate  of  Fueimne,  C'*H'*N'0*.NO*H,  crystallises  from  a  hot  aqueous  solution  in 
long  prismatic  needlee  united  in  stellate  groups,  but  when  crystallised  from  alcohol  it 
forms  large  rhombic  prisms  of  great  regularity  and  pecoIi»r  lustre.  The  crystals 
obtained  from  strong  alcohol  become  opaque  aiter  a  while,  but  those  which  scpnnite 
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from  a  ireak  alcoholic  solution  retain  their  traniparoncj.  The  salt  when  heated  to 
100°  C  quickly  becomes  coloured,  and  decompose*. 

OsalaUs  of  Fucu*ine.—Wh6a  crude  fucusine  is  digested  with  excesa  of  ozalie  add, 
and  the  solution  filtered  hot,  the  acid  oxalatf,  C*»H'*N«0».CrH*0*,  is  deposited  in  vinall 
iK'wlle-shaped  crj-sfaJs,  which  axe  generally  coloured  nt  first,  but  by  repeated  ciyrtalli- 
aatioa  and  the  uae  of  animtt}  charcoal,  may  bo  obtained  in  colourless  silky  needlr«.  It 
ia  not  TeiT  toluble  in  cold  water,  but  diasolvca  readily  in  boiling  wat«r  and  in  alcoboL 
The  aolotionji  haT«  a  distinct  acid  reaction. 

The  Hfutral  (Kfahtt  resembles  the  acid  salt  in  appearance,  bat  is  much  more  soluble. 

nrCTITBOXM    C»H'*0».     (Stenhottse,  PhiL  Mag.  [3]  xvilL  122;  xxxxii  25 
Ann.  CL  Pliarm.  xxxr.  301;  Ixxir.  278.)— A  yolatile  oil  isomeric  with  AnfaR^^i 
nbt&ined  by  treating  sea-weed,  e.  g.  Fucua  nudotut,  F.  venetdatUM,  F.  9errahtt,  { 
with  tlilute  eulpbnric  add  in  the  same  manner  as  bran  is  treated  for  the  ] 
of  furfuroL 

The  oil  thus  obtained  coDtain«  a  large  quantity  of  acetone,  whidi  may  be  i 
by  washing  with  water,  redistUling  at  a  lower  temperuturo,  and  rejecting  the  fint 
portion  which  passes  over.  It  aUo  contains  m»>tuftufurol,  or  a  similar  imparity,  fioo 
which  it  may  be  8<»para(e<l  by  repeatrd  rectification  with  water,  »h  in  the  punHeatioo 
of  furfuroL  Lastly,  it  i«  dried  over  chloride  of  caldum  and  redistilled.  The  quantity 
of  facnsol  thus  obtained  from  aea-weed,  is  only  about  a  fourth  of  that  of  the  filrfiiinl 
obtained  from  bran. 

Fucusol  resemhlps  furftirol  in  most  of  its  properties.  When  rpcently  prepwrfd  it  it 
colourlcas,  but  turns  yellow  and  brown  in  a  few  days,  especially  when  it  contains  meta" 
furfnroL  In  the  pure  state  it  may  bo  kept  unaltered  for  a  long,  tirac  in  hcrmcricsUy 
sealed  tubes.  Specific  grarity  I  ■  1 60.  Boiling  point  between  lTl°andl72^C.  Iid»- 
solrca  in  14  pt«.  of  water  at  13^  C.  and  in  12  pta.  of  strong  aqneous  arnmonia  at  13-d^. 

Fucusol  is  much  less  stable  than  furfiirol.  Snipharic  aad  colonn  it  yellowish>brti«Ti, 
hydrochloric  acid  green,  and  nitric  acid  light  yellow ;  if,  howerrer,  it  contaioe  metshfo 
fnrol,  all  these  adds  colour  it  purple-red.  Potash-ley  colours  it  yellow  at  fc»t»  bat 
the  colour  afterwards  changes  to  durk-red.  It  imparts  a  deep  yellow  eoloor  to  tbs 
hkin,  and  on  moistening  the  yellow  sjjots  with  aniline,  a  rose  eoloor  i»  produced  (tb« 
same  reaction  is  eihibited  by  fiufurol).  With  ammonia,  fucusol  forms  foanMnnHl^ 
siud  with  fiulphide  of  ammoniom  it  forms  tbiofacusal,  isomeric  with  thioforfoL 

Moss  {Sptiagmtm)  andyarioos  species  of  lichen  {Cftraria  i.ainndica,  UnuOt  Stan- 
Una,  &C.),  diBtilled  as  above  with  dilute  sulphuric  acid,  yielded  an  oil  which  appealed 
to  be  identical  with  fucusol,  inasmuch  rji  it  formed  with  ammonia  an  amide  which, 
when  treated  with  boilinj^  pKjtash-ley,  formed  a  difficiiltly  cryetaUiaable  base  wiosa 
plutinum-salt  crystalliBed  la  the  some  form  as  that  of  fucusine  (p.  717).  Fein  (iVni 
aquilina)  yielded  an  oil  which  appeared  to  be  intermediate  in  its  properties  betwwi 
furfurol  and  fucusol,  the  ba8f»  formed  by  treating  its  amide  with  potash,  crrsfallisiiMf 
with  facility  and  in  the  same  form  as  furfiurine,  ^w^e  the  platioom-ealt  resnnbled  that 
of  fucusine.     (Stenhouse.) 

ruSXt.  Cojnlustihle ;  Brfnnetof.—Alihon^  this  term  might  bo  correctly  appUfd 
to  any  substance  capable  of  combustion,  ita  application  b  generally  Limited  to  tho^ 
materiala  which  are  practically  employed  for  generating  heat 

The  artifldal  application  of  heat  for  Tarioua  uaeful  parpoees  appeals  to  have  been 
always  a  prominent  feature  of  dijitinction  between  man  and  the  brnte  creatjoa.  In 
remote  ages  the  use  of  fuel  was,  for  the  most  part  restriclM  to  tlie  wanuisg  of  dvdl- 
ings,  and  the  preparation  of  food.  Its  industrial  ajiplications  seem  to  have  been  few. 
In  kter  times,  however,  the  importance  of  the  appheation  of  heat  in  the  oaefaliits 
ha»  been  continually  increiuiiug.  Not  only  is  beat,  generated  by  th*  comboatiiiD  al 
fuel,  the  prindpal  ngrut  in  the  extraction  of  metab  from  their  ores,  in  their  saba«qurot 
fashioning  into  ujjcful  forms,  in  tlie  manufacture  of  bricks,  pottery,  and  glass,  aad  in 
the  Tarioua  chemical  arts  ;  but^  since  the  invention  of  the  steam  engine,  it  has  beocnM 
the  most  important  source  of  motive  power,  in  its  applioatioaB  both  to  the  indwtml 
ettn  and  to  commercial  intercourse. 

With  this  widely  extended  range  of  utility  in  the  application  of  fnel,  it 

follows  that  the  chemical  principles  involved  in  ita  use  arc  of  much  importance, 
genend  nature  of  the  phenomena  of  combustion  and  the  derelopnieot  of  heat 
described  under  the  heads  CoicHusnoH  and  Haar,  it  will  only  be  requisite  here  in      _ 
in  what  manner  the  value  and  applicability  of  different  kinds  of  fuel  are  inflneaosd  \j 
the  principlea  there  elucid^tetl. 

The  different  kinds  of  fuel  iire  all  of  vegetable  origin,  either  dir««tly  or  indinvtly.  la 
the  different  conditions  of  wt^od,  peat,  and  coal,  it  is  the  ligneous  tissue  of  plants  thst 
confllitut«H  fuel ;  in  each  of  these  conditions  tlicre  is  a  general  similarity  of  olementaiy 
eompoeitioiii  accomp&iucd'b^  coub\.«kv:IC)\&  ^^^kviiua  ui  the  relative  proportioBS  of  tht 
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dementary  eanstitttents,  and  bjr  spMnfic  differancM  of  character,  appoKintljr  depending 
mors  apon  tbo  aiTangement  of  those  conatitu«uta  th&ii  opoa  Hu'ie  actuiil  flmoant. 

The  chief  uleiaeDUry  constituente  of  fuel  are  car!)on,  hydrogen,  and  oxygen,  together 
with  a  fiinall  proportion  of  nitrogen ;  nnd  in  all  kinds  of  fuel  thore  is,  beaidee  these  con- 
atitnonts,  a  greater  or  lees  amount  of  earthy  or  inorganic  substance,  ramaisiijg  as  uti 
whf-n  the  fuel  ia  burnt,  and  originating  partly  from  the  plant-ti«mefl,  partly  from 
their  mechaoieal  admixtnre  with  earthy  sub§tanci>s.  The  amount  of  ash  in  fuel 
Tariefl  oonuderably,  from  less  than  1  per  cent  to  10,  and  «rvn  2(J  per  cent,  in  some 
inatanoee ;  but,  on  the  arerage,  6  per  cent  of  ash  is  as  mnch  as  there  ahould  be  in 
good  faeL 

One  of  the  moBt  important  points  of  liLffareooe  between  the  rarioaa  kinds  of  fiiel 
consists  in  the  amount  of  volatilisable  snbstance  thej  contain ;  and  their  applicability 
for  various  purposes  depends  in  a  great  oiwsnire  on  this  circumstance,  as  mneh  as  upon 
their  respectivs  capabiS^  of  generating  h(>at.  Fuel  which  contains  a  large  amount  of 
combustible  TolatiUsable  substance,  and  gives  rise  to  a  copious  evolutiuu  of  hydro- 
carbon Tspour  and  gOMS,  bnnu  with  flanM^  while  the  more  purely  carbonacfoas  fuels, 
containing  little  or  no  ToLatilisable  sabstsiMM,  bom  without  flume  or  with  only  a  amall 
flame.  It  has  been  very  generally  considered  that  fuel  which  poeseeseti  the  character 
of  burning  witii  the  largest  flame  is  especially  saitable  for  use  in  generating  steam, 
sod  for  eTapomtin^  as  well  as  for  certain  metallurgical  oj^erationa  ;  while  the  more 
carbonaceous  kinds  are  generally  found  better  adapted  for  iron  smelting,  and  for  pro- 
dadng  hig^  temperatures. 

The  presence  of  water  in  fuel  is  obTioufily  objectionable,  whether  it  be  employed  for 
eraporation  or  for  producing  high  temperatures:  for,  in  the  one  case,  the  raporisation 
of  the  water  containtKi  in  the  fuel  conHumra  an  equivalent  quantity  of  heat,  and  thus 
reduces  the'eflffct  produced  by  the  fuel ;  in  the  other  case,  the  water-vapour  produced 
tends  to  reduce  the  temperature  obtainable  by  the  combustion. 

The  amount  of  water  in  fbel  may  vary  from  nothing  to  40  per  cent  or  mON^  and 
some  kinds  uf  fuel  give  rise  to  the  production  of  a  furUier  portion  of  water  than  that 
which  they  actually  contain.  The  great  difierenoe  between  the  capability  of  fuel  to 
rmdace  high  tcmpfraturea,  according  as  it  contains  or  produces  wat4ir  by  combustion, 
has  long  been  known,  and  the  practice  of  kiln-drying  and  of  charring  fuel,  is  founded 
on  the  knowknlge  of  this  fact 

Bv  charring  or  carboniaina;  fuel,  the  whole  of  the  water  it  contains,  or  is  capable  of 
producing  may  be  separated;  and  though  a  considerable  portion  of  the  carbon  is  also 
volatilised,  partly  in  uia  state  of  hydrocarbon  isompounds,  and  partly  as  carbonic  acid 
a.nd  carbonic  oxide,  the  residoal  cubonaceous  portion  has,  wei|^t  for  weight,  a  greater 
capability  of  producing  a  high  temperature  than  the  raw  fDel,  and  in  some  cues  is 
otberwise  mon*  suitable  for  certain  metallurgical  operationa 

The  extent  to  whirh  the  volatiZipation  of  carbon  takes  place,  in  carbonising  fuel,  de- 
pends greatly  a[<on  the  mode  in  which  the  operation  is  conducted.  As  a  rule,  the  yield 
of  carbonaceous  residue  is  greatest  when  the  carbonisation  is  conducted  rapidly.  This 
is  the  ease  to  the  greateat  extent  with  wood,  whiijh  yields  on  the  average  23  per  cent 
of  charcoal  by  rapid  charring,  and  only  H  per  cent  by  stow  charring.  In  the  car- 
bonisation of  cnal,  the  difference  is  much  less,  and  the  amount  of  coke  obtained,  which 
varies  very  much,  depends  more  upon  the  special  cliaructer  of  the  coal  used. 

Coal. — This  is  by  far  the  mopt  importitnt  of  the  materials  employed  as  fbeL  The 
varieties  of  coal  are  very  numerous,  and  the  difftrcirces  between  eome  varieties  are 
very  mark(<d,  though  on  the  whole  they  are  morfi  differences  of  degree  than  of  kind. 
According  to  these  differencea  in  the  varieties  of  coal,  they  are  generally  divided  into 
three  daases,  viz.  1,  Anthracite;  2.  Bituminous  coal;  and  3.  Lignite;  though,  in 
many  instances,  it  is  not  possible  to  recognise  any  absolute  distinction  between  coals 
commonly  referred  to  difTerent  classes. 

There  is  an  Mjual  absence  of  any  positive  line  of  demarcation  between  coal  and 
those  more  earthy  combustible  mineral*,  termed  shales,  with  which  it  is  usually 
associated  ;  but  from  a  practical  point  of  view,  the  amoiinl  of  earthy  substance  often 
constitutes  a  good  critenon  as  to  whether  anyparlic-ular  mineral  be  suitable  for  fuel, 
and  should  consequentiy  be  regarded  as  coal  The  determination  of  the  question,  even 
by  this  means,  will  sometinies  be  influenced  by  circumstances ;  thus,  for  instance, 
while  30  per  cent  of  ash  in  a  combustible  mineral  of  thii^  description,  might  not 
prevent  its  being  usefully  employed  as  fuel  at  the  place  where  it  is  raised,  it  would 
not  bo  so  regapJed  for  the  purpo*e  of  transport.  From  a  variety  of  similar  circum- 
staneea,  the  applicatiou  of  the  term  ooul  is  entirely  coDTcntionaL  A  scientific  definition 
of  coal  is  out  of  (he  question. 

Antkraeite. — The  coalji  b»>lonping  to  this  class  are  characterised  by  containing  a 
much  hirger  nmoont  of  carbon  than  any  other  varieties,  and  but  very  little  volatiliBabla 
substance. 


ISO 


FUEL. 


Sonth  W«lAa. 

Olsinnrfanthlre. 

OMith  Wdn, 

Re(rn«iili. 

Wrighiion. 

V»ttx. 

CaifxiD     . 

.     92*56     . 

.     91-44     . 

.    90-89 

Hydrogen 

3-33     . 

.       346     . 

.       3  28 

Oxygun    , 

2-53     . 

.       268     . 

.       3-»8 

Nitrogen  . 

.     .     . 

.       0-21     . 

.       0-83 

Sulphur  . 

.     . 

.       0-79     . 

.       0-91 

Ash         ... 

.       1-68     . 

.       1-52     . 

.       161 

loono 

UKidO 

100  00 

Cnke 

.     -     . 

.     9290 

Anthmcite  is  l(^Ba  readilj  (Himbuatibl<>  than  almost  nnj  other  kindof  fa«l ;  it  reqnirei 
aKtronp;  dniaf^Ut,  and  must  be  gradually  heat«d  before  being  thrown  on  the  fire,  other> 
vise  it  dc^rrcpitAtM  and  crambloa  to  powder,  which  sf^ps  the  draught  and  canaea  noch 
waste.  When  properly  bnmed,  it  ^enenttf^  a  very  high  local  tempemtare,  and  ia  oa 
that  account  mpeoally  adapted  for  melting  furnaces. 

Bituminoua  Coal. — The  coals  belon{a:inf  to  thia  dasa  are  cbaractmaed  by  eontaininga 
more  orlesa  conaiderable  proportion  of  bituminous  aabetonoe  capable  of  being  d«Mm- 
powd  by  heat,  and  yielding  volatile,  oily,  and  geweona  prodoets.  Some  of  tfaeae  coals, 
when  heated,  tindargo  &  kind  of  fusion,  awelling  up  considerably  as  decompositian  goea 
on,  and  leaving  a  boUcy  porous  residue  of  carbon.  These  are  called  caJUnff  eoaU. 
Other  bitumiuooa  coals  do  not  present  this  character;  but  when  heated,  or  in  bomlog^ 
retain  their  form,  and  split  or  open  up  into  columnar  fragments.  These  are  eomnio&ly 
called  dry  or  /rerhurniiUf  eoats.  The  cannel  coals,  which  properly  belong  to  the  bitn- 
minotts  class  of  coals,  behave  differently  from  either  caking  or  dry  comIs  when  heated, 
though  tbey  bum  most  like  the  latter,  and  they  are  especially  characterised  by  givii^ 
a  very  copiouu  luminous  flurac. 

In  composition,  bituminous  coak  generally  are  distinguished  by  containing  a  lai^ger 
proportion  of  both  hydrogen  and  oijRen  than  anthracite  contains  ;  but  there  is  no  r»- 
cognised  relation  between  their  specific  characters  and  their  elementary  eompositioa 
Even  the  property  of  caking  seems  to  be  more  dependent  on  the  eonstitation,  than  ca 
the  mare  composition  of  the  coals. 

Dry  or  Freeburning  Coals. 
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LidifrrB  and  Broit^  Coai — The  yarioiis  kinds  of  coinbasUble  minends  to  vbich  the«o 
DAmea  an  applied  era  bat  little  employed  as  fuel  in  tliia  coimtiy ;  but  in  the  colonii^a 
th«j  are  of  mono  importance.  Lignite  aod  brown  coal  are  highly  hjgroacopic,  and,  in 
the  air-dried  condition,  goncf&Uy  contain  from  15  to  20  per  cenL  of  water,  la  compo> 
ntion  thej  approximate  more  or  leas  to  wood. 
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0-36     . 

9K)0     . 
1412     , 


Tanfwnto. 

Tookejr. 

6990 

4-66 

1599 

1-08 

030 

4-64 

13-43 


100-00 


100^ 


^Cbke        .        ,        .        . 
Katio  of  Tolatilo  subetaiice 
to  fixed  carbon     . 

Wood  ia  but  little  nmd  ai  foal  except  in  conntriefl  where  it  is  abandant,  and  where 

eoal  is  acaree.     The  amotuit  of  water  in  wood  fariee  considerably  according  to  the 

kind  of  wood,  and  the  time  it  haa  been  kept.   On  the  av(>nige,  air-dried  wood  containa 

about  20  per  cent,  of  water.     The  avenge  compoaition  of  wood  la 

^  AJrdrlMi. 

jK.         Carbon 40-38     . 

^^^H    Hydrogen 4'91     . 

I^^B-Oxygeo 32-66     . 

^^^^  lYitxogen -90    . 

m         AMk M7    . 

■  Water 2000 

I       P, 


Charcoal . 

Ratio  of  volatile  Bubstance  to  llxad  carbon 


lOO-OO 

23-00 

2-96 


KHo  dried, 

140  C 

60-46 

614 

.    40-83 

,      Ml 

147 

10000 

28-76 

2-64 


Pbat  ;  Txfur.— The  chief  obotada  to  the  uee  of  peat  and  turf  ai  fuel  is  the  difficulty 
of  obtaining  them  iii  a  dry  state.  As  thoy  usujilly  occur  in  bogs  or  moantoin  districta, 
they  contain  from  80  to  90  per  cent,  of  water,  and,  even  in  the  ordinary  air-dried  con- 
dition, the  amount  of  water  ia  not  lees  than  from  20  to  40  per  cent. 

The  term  turf  is  moNt  correctly  applicable  to  the  more  fibrooa  and  spongy  varietiea 
of  bog  fael,  consihting,  in  great  part,  of  mLNtses  tliat  bare  undergone  but  liltie  altera- 
tion of  fltmcture. 

The  term  peat  Hbodd  be  restricted  to  those  rarietiee  in  which  the  ligneous  tiasoes 
of  the  moft(;e!i,  &o.,  hare  been,  to  a  more  or  leas  considerable  extent,  converted  into  a 
compact  mass,  which  is  sometimfla  aa  party  as  moist  day,  and,  when  air-dried,  pre- 
■enta  mnch  resemblance  to  some  kinds  of  coal  belonging  to  the  lignite  class. 

The  appearance  and  texture  of  air-dried  peat  and  turf  present  great  variations  be- 
tween these  two  extrrme  conditiyna,  the  moat  important  points  of  difference  beix>g 
the  density  and  the  liability  to  absorb  wntt^r.  The  denBity  of  air-dried  tnrf  is  aome- 
tiroes  as  low  us  0*2  or  aboat  12  Ibe.  per  Bolid  cubic  foot;  tne  dem^ity  of  peat  is  aom^ 
times  aa  much  as  1-23  or  about  78  lbs.  per  solid  cubic  foot  Turf  will  Bometimea 
absorb  more  than  its  own  weight  of  water,  while  good  peat  will  not  take  up  more  than 
about  10  per  cent 

In  eompomtion  there  is  bat  little  difference  between  turf  and  peat  or  the  diff?i«nt 
kinds  of  each,  but  the  amount  of  ash  varies  considerably,  and  is  sometimea  as  high 
as  10,  or  even  20  per  cent 

fjwiturr, 

atr-drlcd. 

Paul. 

Carbon 36-3 

Hydrc^ien        .        .        .        .8-6 
Oxygen 192 


Nitrogen  . 
Sulphur   , 
Ash 
Water     , 


Charcoal,         ,        ,         .         . 
RaiJo  of  volatile  rabstancc  to 
fixed  carbon  .         . 

Vui..  II. 


kllDdried. 

PKill. 

60-0 

69 
300 

13 


1-9 

1001 
S9-0 

I'M 
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Of  fhe  e1enientai7  eonstilopnts  of  fbel,  only  the  CLitMH  and  hjdragra  w  emliM* 
tible,  nnd  capablo.  by  tlieir  combustion,  of  contribatltu;  to  the  g?neiatioo  of  bett 
Conseonently,  the  iimoant  of  heat  generated  by  any  kiini  of  fael,  or  its  calorific  yowrr, 
depcnoB  upon  the  amount  of  carbon  and  hydrogen  it  contains.  Thei«  being  na 
alisolute  meaanre  of  heat,  the  calorific  power  of  Aiel  can  only  be  estiinated  relatrreiy, 
by  comparing  the  effects  produced  by  equal  weighta  of  difTcrent  kinda  of  faeL 

Id  the  combustion  of  hydrogen,  the  amount  of  heat  geoented  ia  alvaye  the  came, 
but  in  the  combwtioQ  of  carbon,  it  differs  according  to  the  natore  of  the  oompc-iuid 
produced  by  the  combustion.  When  carbon  is  fully  oxidised  and  conyerted  tato  ear* 
bonic  acid,  the  amount  of  heat  generated  is  intich  greater  than  when  it  k  aoij  eai»- 
Tcrted  into  carbonic  ozide^  m  that,  aa  regards  the  lue  of  fuel,  carbon  hua  two  ^^BM^h 
of  caioriflo  power,  corrosponding  to  the  two  degNM  of  oxidation.  j^^l 

The  qoantity  of  heat  g«iKl«ted  by  the  oofiibttatioa  of  hydroigen  is  4'Stt4  ttij^^l 
as  great  as   that   generated  l^r  the  combufition   of  an  equal  weight  of  carbos  td 
car^nic   acid,   according  to   the  most  accurate  determinatioos   by  Favre  aitd  Sol- 
bermann. 

In  expressing  the  calorific  power  of  foel.  the  arammt  of  heat  generated  by  the  com* 
bnation  of  carbon  to  carbonic  acid  is  taken  as  the  standard  of  oompariaon.  This 
calorific  power  of  carbon  is  expressed  aa  a  definite  quantity,  by  the  ntunber  of  port* 
by  weight  of  water  capable  of  being  heated  from  a  given  tcmperatore  to  a  tempna- 
tur©  1°  higher  (4°  to  6°  C),  by  the  combustion  of  one  part  by  weight  of  cama 
This  numerical  expression  of  calorific  power  will,  of  coarse,  very  according  u  Ihi 
thermometric  scale  to  which  it  refers  is  that  of  Fahrenheit.  Centigr&de,  or 
and  it  will  Taiy  in  the  same  ratio  aa  the  degrees  of  those  different  aealea  bear  to 
other, 

Reautniu-.  Cmilgrade.  FakrenbHl.  e^i^jSe  w»«. 

Rjitio  of  thermometric  degrees  .        .  0*8  1  1*8 

Calorific  power  of  carbon  .         .        ,      1010  8080       14.544         l-OOO 

Calorific  power  of  hydrogen       ,        ,  43,0775      84,462       62,032         i'W 
In  this  comparisoD  of  the  calorific  power  of  carbon  and  that  of  hydrogen,  no , 
cular  unit  of  weight  is  referred  to ;  it  merely  indicates  that  a  pound,  a  grain,  or 
of  carbon  or  of  hydrogen  will  raise  the  temperature  of  aa  many  poonda,  graina. 
of  water  from  4**  to  5°  C,  aa  correspond  with  the  nvmber  expreaeing  their  ( 
power  respectiTely  for  each  tliermomelrie  scale.     The  unit  of  heat,  or  that  qnantity  _. 
heat  which  raisee  the  temperature  of  the  unit  of  weight  of  water  from  t°  to  t®  ♦  1*. 
will  Tary  according  to  the  thermometric  scale  and  the  unit  of  weight  to  which  itnfaii 
Aeoonling  to  the  C^ntigrude  scale  and  the  French  system  of  weights,  the  mil  of  iMt 
is  the  quantity  which  raiaos  the  temperature  of  a  kilogramme  of  water  from  4*  to  5*  CL, 
while  the  unit  of  heat  for  the  Fahrenheit  scale  and  the  British  system  of  wcidbnii 
the  quantity  which  raises  the  temperature  of  a  pound  of  water  from  40**  to  41"  P,  Ukl 
these  two  umta  bear  the  following  relation  to  each  other. 

Brltlib  uult  of  beat.  Fmcb  unll  of  heat, 

1  »  0-261996 

3-96832  -  1- 


I 


It  is  important  to  hcgn  in   mind  these  differences  of  expression,  inaamndi  M 
often  havo  to  be  taken  into  account  in  cakulations ;  but  the  expicflsion  of  tht; 
lative  calarific  power  of  carbon  and  of  hydrogen,  as  stated  above,  is  not  affected 
them. 

Since  the  calorific  power  of  fuel,  or  its  theoretical  fuel  ralue,  depends  on  the 
amoont  of  combaatible  carbon  and  hydrogen  it  oontaina,  it  follows  ttiMt,  the  p«>- 
centage  composition  of  any  particular  fuel  being  ascertained  by  analysis,  it  is  at^,  by 
means  of  the  data  giTt'n  for  the  relatiTe  caionfic  power  of  carbon  and  of  hydsogo, 
to  calculate  the  relatire  calorific  power  of  the  fuel,  that  of  carbon  being  taken  as 
om'ty.  There  are  three  possible  cases  which  may  obtain  in  regard  to  thia  calenlatiaB, 
via.: 

1.  When  the  combastible  portion  of  the  fiiel  consists  entirely  of  eai^iott,  as  is  the 
ease  of  <»ke  or  charcoal,  the  percentage  of  carbon  in  the  fuel  expresnes  its  rdatire 
calorific  power,  as  compared  with  pure  carbon. 

2.  When  the  ooutbustible  portion  of  the  fbel  contains  both  carbon  and  hjdrogen. 
the  relative  calorific  power  is  found  by  mnltiplying  the  percentage  amount  of  Itydwy 
by  4-266  and  adding  the  product  to  the  mimber  expressing  At  percentage  of  esrbon. 

3.  When  the  fuel  contains,  besides  carbon  and  hydrogen,  more  or  less  oxygen,  this 
constituent  must  he  considered  as  already  combined  with  an  equivalent  quantity  of 
either  carbon  or  hydrogen,  which  is  conseqaeatly  rendered  ineffective  tor  geDWiiaf 
heat  In  such  cases,  it  is  only  the  sarplus  earlxm  and  hydrogen,  over  sod  above  As 
quantity  equivalent  to  the  oxygen  in  the  fad,  that  can  genexata  heat  by  comboitioB, 
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CodBeqnnitly  the  f^mtn  the  amount  of  oxygen  iu  fu«^l,  tho  Bnaller  will  b«  its  rplatire 
enloriflc  pover.  'tht  pre«aoce  of  oxygen  in  fa«l,  acts  in  a  tirofold  muxaet  id  ivducing 
the  cnlonfic  power ;  by  redacing  the  actuil  iimount  of  earbon  and  hydngMi,  mnd  «iso 
by  rendering  part  of  that  amount  ineffective  tor  ganeratine  heat 

The  inflnence  ezerriaed  by  th«  oxyf^B  oMttaiiMd  in  Aid  in  diminiihing  the  calorific 
power  will  alfio  d«p«vd  npon  whether  it  i»  rhe  oarbon  or  li  vcLrogen  tiiat  ii  rendered  inef- 
fectiTe  in  generating  beat^  and  (bo  condidona  under  which  the  fbel  ia  bornt  will 
detertaine,  in  great  measure,  which  of  these  e8Bct«  ia  produced. 

Since  in  carbonic  add,  oxycen  is  combined  with  three-cighthB  of  its  weight  of 
OWboQ.  and  in  water  it  is  combined  with  one-eighth  of  its  weight  of  hydrogen,  the 
quantity  of  carbon  rendered  ineffectire  by  a  given  quaQtity  of  oxygen  would  be  three 
tuoM  ai  much  as  the  quantity  of  hydrogen  rendered  ineflective  by  the  same  Quantity 
of  oxygen.  Aeoording  to  the  older  detemunQtiosa  of  the  heat  gt^oeratcd  by  the  com- 
bttstixui  of  bydrogcD  and  otfbon,  which  made  the  calorific  power  of  hydrogen  jost  three 
times  as  great  as  that  of  carbon,  the  result  obtained  by  calculution  was  the  aamo  in 
either  case ;  but  adopting  the  mone  accurate  data  afforded  by  the  experiments  of 
Farre  and  Silbermann,  the  reeolt  will  differ  in  aome  inetancee  considerably,  aeoord- 
ing  as  it  is  assumed  that  hydrogen  or  carbon  ia  rendered  ineffective  for  generating 
beat. 

The  relatiTo  calcdflo  power  of  fiiel  may  bo  calculated  by  means  of  the  following 
fbrroulip,  in  which  p  represcnta  the  relative  calorific  power ;  and  C,  H,  0  rcpreacnt  the 
amounts  of  airboo^  hjarogeo,  and  oxygen  in  one  part  of  the  fuel : 


1.  Frael  containing  only  carbon  .        .        ,        ,        p 

2.  Fuel  containiDg  carbon  and  hydrogen      .         .        p 

3.  Fuel  containing  carbon,  hydrogen,  and  oxygen  <      ^ 


C  +  4-266  H. 

C  -  ^  +  4-2«6  H. 

c  +  4-2a6  (H  -  loy 


If  it  is  desired  to  express  the  calorific  power  of  fuel  in  heat-nnits,  the  amount  of 
carbon  and  the  amount  of  avnilahle  hydrogen  in  one  part  of  the  fuel  are  to  be  re«KO 
lively  multif^ied  by  the  numbers  exprea»ting  the  calorific  power  of  carbon  ana  of 
bydroizen,  and  the  sum  of  the  two  prckdncts  represents  the  relative  calorifle  power  of 
the  fuel  in  heat- units: 

I.  ^=-8080  C.     2.  p  =  8080  C  +  34462  H.     3.  _p  -  8060  C  +  34462  (H-JO). 

In  the  following  table  the  relative  calorific  power  of  scvonil  combustible  substances 
ts  given  both  as  ealcukt^d  by  the  above  formula  and  as  expressed  iu  beat-units : 
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The  arnnbcn  in  colunm  7  are  obtained  b;  diriding  those  in  coltunn  S  I7  100,  et 
thfme  in  colamn  6  hy  180,  upon  the  aasm&ption  Umt  eqiuU  qoantitie*  of  hiai  an 
requiiitie  for  rawing  the  temperatnre  of  jr  pta.  of  wat^r  y  d**gree«,  or  y  pt>.  of  vitev  * 
di>gre>>«.  TbtM  the  heat  generated  by  the  perfect  combustion  of  one  pound  of  ctfbaa 
would  be  suflSdent  to  raise  the  temperature  of  8080  poonde  of  water  from  4°  to  6'C^ 
or  of  14,644  poonds  from  40°  to  41°  F.  or  of  80-8  poiudfl  of  water  from  the  freodag  ie 
the  boiling  point : 


Quantltjr  of 

WHttTt 

SOSOlbe. 

QuMlltf  of 
water. 

H.^Hlba. 


IncrcKM  of 

tenip«rittirf. 

1°C. 

Increue  of 
tenip«T«tur«. 
PF. 


Qtuntltjof 

water. 

BO'Sibl. 

Qonntltr  of 
wuer. 
80dlb6 


locTHue  of 
le]iip«T«tar«. 

100°  a 

Inrri'iue  of 
temfwratuiTL 

ISO-^F. 


ThiB  aaanmption  ia  not  strictly  correct,  since  the  specific  heat  of  water  increaaei 
ilightly  as  the  temperature  increasea  bpyond  ita  point  of  greatest  deositj ;  but  the  ap- 
proximation  ie  Bumcientljnear  for  ordinary  calculations. 

The  Dumbera  in  column  8  are  obtained  by  dividing  the  niunbets  in  oolnma  7  by 
5*5,  on  the  assumption  that  the  quantity  of  heat  requisite  to  conreit  wster  at  the 
boiling  point,  into  steam  noder  the  ordinary  atmofipberic  preesnre,  is  6-6  times  as  moA 
as  would  bo  requisite  for  rsdaing  the  temperature  of  the  same  weight  of  water  frata  ths 
freezing  to  the  boiling  point 

Whatever  mode  of  expressing  the  calorific  power  af  fuel  may  be  adopted,  it  mastbs 
remembered  that  the  rpsulta  obtained  by  any  of  the  above  formuljB  are  to  be  conadend 
merely  as  representing  the  relative  quantities  of  heat  generated  by  the  oombusttoa  of 
equal  weights  of  the  fuel  and  of  the  standard  with  whjch  it  is  compared.  The  xwoltt 
■0  obtained  do  not  represent  either  the  relative  value  of  fiiel,  or  the  themal  efcl 
capable  of  being  produced  by  its  combustion. 

The  thermal  effect  of  fuel,  orthetemperatureof  the  flre,  does  not  depend  soldyaa 
the  calorific  power  or  the  amount  of  heat  generated  by  its  eombostion ;  bat  likeviM 
on  the  quantity  and  nature  of  the  products  resulting  from  the  combustion. 

The  total  heat  geoemted  by  tbe  corobuiitioD  of  any  tueH,  is  communicated  to  tiw 
products  of  combustion,  which  in  all  ordinary  cases  are  gaseous,  producing  in  th<iD,at 
the  moment  of  combustion,  a  temperature  determined,  {uirtly  by  the  calotifle  power  of 
the  fuel,  and  partly  by  the  nature  of  the  products  of  combustion,  Thua,  for  inftiPf, 
taking  the  simplest  case,  carbon  requin>a  for  its  cotubustlion  to  carbonic  acid,  2*67  tiiMi 
its  weight  of  oxygen,  producing  3-67  times  it«  weight  of  carbonic  add,  the  tempenlm 
of  whidi  is  raised,  at  the  moment  of  combustion,  above  the  original  tempoature  of 
the  oxygen,  by  the  diffusion  of  the  beat  generated  thronghont  the  carbonic  acid  pro- 
duced. The  quantity  of  heat  generated  by  tbe  oombusUon  of  carbon  is  capable  d 
raising  tlie  temperature  of  a  quantity  of  water  equal  to  8080  times  the  weight  of  the 
carbon  burnt,  from  i°  to  6°  C,  and  would  raise  the  tomi>erature  of  a  quantity  of  ««l« 
equal  to  the  weight  of  the  carbonic  acid,  produced  about  2202°  C. 

Part*  b]r  weight  IncrraMof  IncreflM  of  Fan*  bj  wclglit 

of  wnter,  tetnpenuurcu  lempcraiore.  ofwmter. 

60S0  K  1°  0.         •         220P  -63  C.  x  3'67 

But  since  the  specijfic  heat  of  water,  or  its  capacity  for  heat,  is  much  greatrr  tiuB 
tliat  of  carbonic  acid,  the  increase  of  temperature  in  the  carbonic  add  produced  by  the 
i^mbustion  of  carbon,  is  proportionately  greater  than  the  increase  of  tempemtan  tkit 
would  be  produced  in  a  quantity  of  wiiter  equal  to  367  times  tbe  weight  of  cttbn 
burnt. 

The  quantities  of  heat  requisite  to  produce  an  equal  increase  of  temperature  ia 
equal  weights  of  carbonic  acid  and  of  water  being  in  the  proportion  cf  0-2614  :  1-000<^ 
the  quitntities  of  heat  requisite  to  raise  the  temperature  of  3'67ptfl.  water  aod  3*47 
pts.  carbonic  acid  one  degree  are  therefore  as 

l*«rtt  bf  Specific 

wetghc  of  beat  In 

watrr.  beat'Uniti. 

a-67  X  1000      :       8-67        x       0-2164      -     3-67     :     0  794. 

Consequently  the  increase  of  temperature  in  the  3'67  pta.  of  carbonic  acid,  to  whiA 
the  heat  generated  by  the  eombostion  of  1  pt  carbon  is  conunonieated,  at  the  moowat 
of  combustion,  may  be  ascerttiiaed  by  diriding  tlie  number  of  heat-units  by  ttas 
quantity  of  heat  which  raises  the  temperature  of  the  3-67  pta.  carbonic  add  one  degree : 

i£?^- 10 1740  c 

The  heat  gejierated  ia  the  combustion  of  hydrogen  ia  sufficient  to  rsise  the  ttmft- 
eature  of  a  quantity  of  water  equal  to  34,462  tzmea  the  weight  of  the  hydicgen  hunt 


Parti  bj 

weight  of 

carbonic  add. 


Sp«clBc 

heat  in 

heai-uivttt. 
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fixmi  4°  to  S^  0. ;  but  hydm^cn  reqatnw  for  combastion  8  times  its  weight  of  ozyg«n« 
producing  9  times  its  weight  of  water-^vapour.  The  quantity  of  heat  g«aerat«d  la 
much  greater  thao  in  the  comba»tion  of  carbon  ;  but  the  product  of  combustion  through 
which  that  heat  ia  difFuaed  ia  nearij  24  timfs  aa  much  aa  in  the  combustion  of  an 
•qoal  weight  of  carbon.  A  portion  of  the  neat  generated  by  the  comboation  of  hydro- 
sen,  becomea  latent  and  ineffective  for  iiua«Hfnng  the  temperature  of  the  product, 
being  consumed  in  determining  the  Taporoua  condition  of  the  water  produced.  Tha 
latent  heal  of  wutcr,  ur  the  qoautity  of  neat  reqainite  to  convert  1  |it  of  water  at  100°  0. 
into  steam,  ia  537  times  as  much  as  is  requisite  to  mise  the  tempardtun  of  an 
equal  weight  of  water  from  i°  to  6°  0.  The  qumtity  of  heat  that  becomes  latent  in 
the  9  pts.  water^Tapour  produced  by  eombuation  of  hydrogen,  will  therefore  be  4833 
lieat-unit.<4.  which  muitt  be  dednct4>d  from  the  tot^d  heat  generated,  in  order  to  ascertain 
the  quantity  of  heat  available  for  producing  increase  of  temperature. 

Total  heat  of  comboBtion  of  hydrogen .     34,46'i 

Latent  heat  of  water  in  heat-unitA  9         x         637         -  4.833 

Avaihible  heat ^9^629 

The  apccific  heat  of  water-rapour  being  0-476  aa  compared  with  that  of  water 
«t  I'OOO,  the  qnantiticfl  of  heat  requisite  to  raise  the  tempentore  of  9  pts.  water  and  9 
pta.  WAter-Tapour  are  therefore  as : 

P»rtj  by  SpectOc  P»rt»  by  SptctBc 

«ei|!htuf  hejtt'in  weight  of  heat  In 

WAler.  ti««t-unlu.       watcr-Tmpour.  be«l>uolta. 

9  K  1-000        :         9  X  0476         -         9        ;         4-27» 

And  the  incieaa«  of  temperature  produced  will  be  6930°  '7  C; 
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Henee  as  will  be  seen  from  the  following  comparison^  (herraal  effect  and  caloriflo 
power  are  not  necessarily  equal;  but^  on  the  contrary,  the  thermal  efft^ct  depends  upon 
other  arcumstHnoaa,  more  than  upon  the  calorific  power  of  the  fuel  burnt. 


t 


Carbon 
Hydrogen 

WelthtJ 

WeiRtat 

of 
oiygefl. 

RmIo. 

Welrlit 
of  |iro> 

RatiM. 

He«t 

tmiti. 

Ratio. 

Thernml 
efflect. 

Ratro.  ' 

I 
1 

2-67 

J 
3 

3-67 
9  00 

I 

2-4 

8080 
34462 

I -000 
4-266 

101740 
6930® 

1000 
0'6B1 

In  both  thesd  instances,  the  combustion  is  supposed  to  hare  been  effected  in  oxygen, 
Hsd  with  only  Just  as  much  as  is  chemically  fqmvatent  to  the  carbon  and  hydr«)gen 
burnt.  But  in  all  cases  of  the  application  of  fuel,  atmospheric  air  ia  the  source  of  the 
oxygen  that  supports  the  combustioD.  The  nitrogen  it  contains,  in  the  proportion  of 
77  p«f  cent.,  not  only  takes  no  part  ia  tlie  generation  of  heat^  but,  on  the  contrary, 
wdoMB  the  thermal  effect  below  what  it  would  be  by  combustion  in  oxygen. 

In  the  combustion  of  carbon  ia  air,  the  q^nantity  of  nitrogen  in  air  oontaining  2*67 
fta.  by  weight  of  oxygen  is  8-94 : 


Atmotpberlc  dr. 
O  N 

23    :     77   = 


2-67 


8-94 


TIm  (^teciitc  heat  of  nitrogen  being  0-244.  the  quantity  of  heat  requisite  to  raiae  the 
iMDpentnre  of  that  qu&atity  of  nitrogen  from  4"^  to  fi'^  C.  ia 

Ma»t. 

unit. 
0-244 


2-181 


Part*  by  weight 

ofnitiofen. 
~      8-94 


And,  addbg  to  (bb  the  quantity  of  heat  rcquisitd  to  raise  the  temperaturo  of  the  car- 
bonic acid  produced,  as  found  above,  the  qnontity  of  beat  requisite  for  raising  the 
lemperatore  of  the  whole  products  of  combustion  in  air  from  4*  to  6°  0.  will  be 

Hrat-unlU. 

2-976     -     2181     +     0-794 
And  the  increase  of  temperature  produced  will  be 

8080        total  heat  of  combustioiL  

"      -976   "  quantity  of  beat  reqaiaite  to  heat  the  prodncta  and 
nitrogen  from  4*  to  6°  C. 
lu  the  combustion  of  hydrogen  in  air.  the  quantity  of  nitrogen  in  air  oontaining 
8  pis.  of  oxygen  ia : 
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AtBMMpherte  dr. 
V  O 

M'lB    :    8    -    77    :    23 

tlie  qautity  of  hc*t  re^oisito  to  raise  its  tempentare  from  4°  to  6^  C.  ii : 
Ucat-tinltt. 
6  634     -     26-78     x     0-244 

and  the  inerease  of  temperatare  produced  irill  be 

29629  available  he»t  of  combm^oiL 

4*276    +    6*634         quaatity  of  beat  tiequipite  to  heat   the  prodocta 
and  nitrogeo  from  4°  to  6°  C 

The  difference  between  the  tempentone  capable  of  being  prodtieed  hj  tfw  eamba^ 
tioD  of  carbon  and  hydrogen  in  ozjrgen  and  in  air  ia  in  both  eaaea  Teiy  oofliddBnUe; 
but  it  ifl  much  greater  in  the  case  of  carbon,  sine*  the  amoont  of  heatgedotated  hj  it» 
combustion  is  much  less  than  that  generated  by  hydrogen. 


274i«a  - 


Carbon 
Hydrogen 


34,462 


Rfltlo. 


I  MO 
-§■265 


T«mperBtur«  produced 
Id  oKjryen.    Ratia,  H  ta  Atr.      RjiCio. 


10.174" 
Q»930° 


1000 
0-681 


271.^" 
2741° 


1002 
1009 


DlASvrcnc* 


74690 
4189"» 


Sad*. 


1000 
0-561 


Thia  eomporiaea  will  suffice  to  ehow  that,  in  all  cases  where  high  temperatures  are 
required,  it  vanld  be  a  great  advantage  to  hure  an  avaikblo  means  of  increasing  th« 
amount  of  oxygen  in  the  air  supporting  combustion ;  and  that,  in  socb  rases,  a  reiy 
great  saving  of  fuel  might  be  effected  by  the  use  of  oxygen,  or  of  air  containing  a 
buyer  amount  of  oxygen  than  is  present  in  atmospheric  air. 

There  is  another  circumstance  which  intinencea  the  temperature  capable  of  being 
pvodaced  by  the  oombustioa  of  fuel,  and  rendi'rs  it  less  than  would  be  indicated  l^tke 
atnre  calculation.  In  the  combustion  of  fuel  in  a  furnace,  the  conditions  ars  aaeh  thst, 
while  at  the  outside  the  fuel  is  in  contact  with  atmospheric  air,  there  is  wit^  ti» 
fdmace,  a  constant  tendency  to  the  production  of  an  atmosphere  consisting  of  carbonic 
acid,  water-Tsponr,  and  nitrogt-n.  To  maintain  the  combustion  of  fuel,  it  is  necesBary 
not  only  to  keep  up  a  continual  snpply  of  air,  but  also  to  remore  the  gaseous  ptodncts 
of  combustion  as  they  are  foimecl  This  is  generally  done  by  means  of  a  drao^t, 
produced  by  a  chimney ;  but,  in  aoj  case,  the  gaseous  products  of  combustion  beens 
mixed  with  the  fresh  supply  of  air,  and  exercise  a  great  influence  in  redudsg  ita  affiea^ 
in  supporting  combustion  (L  1101).  Hence  it  ia  necessary  to  maintain  an  excess  cf 
oxygen  in  the  atmosphere  Burrouading  the  ftiel  within  the  furnace,  and,  for  this  pur- 
pose, the  quantity  of  air  supplied  mmst^  in  all  ordinary  cases  of  the  nse  of  tvA,  be 
greater  than  that  containing  just  enough  oxygen  to  produce  carbonic  add  and  wat*r 
with  the  combustible  constituents  of  the  fuel  burnt.  In  practice  it  is  generally  con- 
sidered that  the  quHntity  of  air  requisite  for  the  perfect  combustion  of  fael  in  orasntiy 
famocofl;  amounts  to  twice  as  much  as  that  containing  oxygen  enough  to  conreK  in 
combustible  constituents  into  carbonic  acid  and  water. 

In  this  way,  the  quantity  of  the  products  of  combustion,  through  which  the  test 
genenited  is  distributed,  is  nearly  doubled,  and  there  is  consequently  a  pr9(>ortioi»ts 
redaction  of  the  tempemture  produced.  In  the  ease  of  earboa  burnt  with  twice  u 
mnch  air  as  would  be  sufficient  theoretically  for  its  conyersion  into  carbonic  add,  tiie 
gaseous  products  of  rombustioQ  would  amount  to  24'22  times  the  weight  of  the 
oirbon  burnt,  and  in  the  case  of  hydrogen  to  8U'£6  times  the  weight  of  hydrogen  bunt 

Volume  of  skr 

at  fiooF.  i»w 

pound  of  fuel, 

ciibic  fret. 

.      303-30     . 

.     90862     . 


Parts  by 


VuUbf 
weight 

"'  *^-  '  c.Wc  rp«t.                produeti. 

Carbon          .         .        ,     1     .        .    23  22     .  .     30330    .         .     24-22 

Hydrogen     .         .         .     1     .        .     79-56     ,  .     908  62     .         .     80-68 
The  specific  heat  of  air  being  0'2377,  the  quantities  of  heat  requisite  for  x^dag 

the  temperatare  of  these  additional  quantities  of  air  from  4^  to  6*^,  and  the  t«mp(n* 
tares  produced  will  be : 

Combuition  of  Carbon.  Combuftton  of  Hrdroeen. 

2-7696     =      11-61     X   0-2377     and    82672  ^       34-78      x     0-2877. 

Manor  8080  .    ,     ,A/;nor  29629 

**^*^^"      2-7696    X   2-9766     *°^     l^^OO  C.  =       8-2672     ^    108093' 
Hence  it  will  be  evident  that  the  admission  into  a  furnace,  of  more  air  than  is  r^ 
quisite,  will  be  attended  with  a  proportionate  waste  of  heat,  and  that  it  ii  desirable 
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ttlirayfl  to  eflkt  eonbagtioB  with  the  least  anfficiVnt  tuppljr  of  iiir.  If  th»  air  be  forced 
into  the  fhniaoe  by  metan  of  a  ftm  or  blast-pipe,  u  in  a  ftlrE^  fael  maj  be  burnt  vith 
TDOch  leas  air  tbui  when  it  is  drawn  in  by  means  of  a  eoinuiej,  and  with  greater 
e<wnomy  of  the  heat  generated.  This  economy  may  be  effected  to  a  greater  e-xtent 
with  fuel  which  containa  but  little  Tolatiliaable  eobetance. 

The  g«noral  formula;  for  ascertaining  the  thermal  effect  of  any  kind  of  fael  from  ita 
eompoeition  are  aa  follow : 

For  CombuitloQ  Id  Oxt|«o. 
_  c  C  -f  r'  H  -  /  W 

For  Combuiiioo  ia  Air. 

cc  +  c'n  -  iw 


Hei« 


«  .  367  0  +  m  +  /  W  4^  ,"  n  T  ,•*  A 

T  =  increase  of  teroperatnrc  produced  bv  combustion, 

C  and  H   -■  qnantities  of  carbon  and  hydrogen  available  in  I  pt  by  weight  of 

the  fufl. 

W  =  total  qnantity  of  water  yielded  by  1  pt  by  weight  of  the  ftiel. 
I  —  latent  heat  of  water. 

«,  «',  •",  #"  =  specific  heat  of  carbonic  acid,  water-vaponr,  nitrogen,  and  air. 
e  and  tf  —  calorific  power  of  carbon  and  hydrogen. 
N  -=  qnantity  of  nitrogen  in  air  necessary  for  converting  oombostible  oonati- 

tnents  of  1  pt.  by  weight  of  iiiel  into  carbonic  add  and  water. 
A  <a  extra  quantity  of  air  supplied  for  combustion. 

The  resolts  obtained  by  these  formulffi  apply  only  to  the  perfect  eombastion  of  the 
oombostible  constituents  of  fuel  into  carbonic  «cid  and  water;  and  tfaev  expreaa  the 
bigheot  possible  eapalilttics  of  fkel  aa  oomiMNd  with  pure  carbon,  and  when  bnmt 
under  the  most  favourable  conditions. 

Bnt  in  all  ordinary  casea,  the  practical  effect  obtainable  from  fhel  is  maeh  Ic«8  than 
its  relative  capability  as  indicated  by  oalcolation.  This  is  the  ease  whether  the  effect 
to  be  produced  be  high  temperature  or  vaporisatioa  ;  and,  in  some  casea,  the  practical 
eflvetoiay  amount  to  only  a  small  fraction  of  the  caloriflc  power  or  the  thennal 
effect 

Ona  of  the  most  obvious,  thoagh  by  no  means  the  most  conndiviUa,  eaoMt  of  the 
difloenee  between  the  reUtive  capabUity  of  fuel  and  the  practiod  e0)cta,  oonaists  in  the 
waste  of  fuel  as  dust  and  cinders.  With  some  kinds  of  fuel  that  are  very  brittle,  such 
as  anthracite  and  some  of  the  Welsh  steam  coaln,  the  wasle  due  to  this  character  may 
lie  Toy  considerable,  especudly  if  the  firing  is  improperly  managed;  but  with  care  and 
vith  some  kinds  of  fuel,  the  waste  of  fuel  as  dost  and  oindprs  may  be  very  small. 

AftytJum-  cause  of  loes  is  imperfect  combustion.  This  may  be  due  to  an  insniBcient 
■apidy  of  air,  and  the  consequent  prodactioa  of  carbonic  oxide.  At  a  sufRciently  high 
tmnperatare,  carbonic  acid  combines  with  a  further  quantity  of  carbon,  equal  to  that 
which  it  contains ;  but  this  combination  is  essentially  different  from  the  direct  combi- 
nation of  carbon  with  oxygen.  Though  there  is  a  true  chemical  change,  it  is  not  com- 
bnatioiD,  but  is  more  analogous  in  its  effects  to  the  vaporisatioa  of  ice  bv  superheated 
•team.  Instead  of  heat  being  generated,  it  disappears,  and  the  loss  of  heat  resulting 
from  this  action  may  be  rery  ooDsideraUa,  since  toe  heat  geaarated  will  only  be  that 
corresponding  to  the  lower  calorific  power  c^  eaibon.    Tbii%  far  ezmmpla : 

HrAl-uniU. 
8080 


4948 


The  heat  generated  by  the  combustion  of  carbon  to  carbonic  add  is  . 
WhUe  tbe  heat  generated  by  the  combustion  of  twice  the  weight  of  carbon  | 

to  carbonic  oxide  is ) 

Loss  of  heat  by  production  of  carbonic  oxide   ,        .        .        .        .        .        3134 

This  action  will  always  take  place,  to  some  estent,  when  fiiel  is  burnt  in  thick 
layers,  and  when  it  is  bttmt  very  rapidly  in  confined  spaces,  as  in  the  furnace*  of 
steam-vesaelfl. 

Imperfect  combustion  may  idso  result  ftom  the  presence  of  volatilisable  aofastaiiM 
in  fufu.  When  fael  containing  water,  or  volatilisable  combustible  subetanee,  is  first 
thrown  upon  a  fire,  heat  is  abstracted  from  the  fire  b^  the  production  of  steam  and 
hvdrocarbon  vapours.  The  tempwrature  is  thus  consideiHbly  reduced.  In  the  ease  of 
airdried  wood,  more  than  three-fourths  wonld  be  thus  vaporised,  and  in  the  ease  of 
ordinary  Newciistle  coal,  more  than  one-third,  the  vapour  so  given  off  from  wood  being 
chiefly  water,  and  that  from  the  coal  consisting  cbieily  of  hydrocarbons,  as  shown 
bolow: 
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One  part  by  weight  of         Wood.  Coal. 

Jidda  TBporisftble  C      .     -1853  -2622 

H     .      0083  -OiM 

HO   .     -6674  -0638 

N,  &c.  ■QO&O  -0313 


PefcenUR  compotlllaB. 

Wood.  Co*L 

24-38         6410 

110         IIRO 

73-40         16-20 


I-IO 


7-90 


Onlori&c  power  in  Heat  umte 


■7700 
1784 


■3933       lOO'OO       100-00 
3623 


If  the  t4?mp6ratQire  in  the  furnace  Is  sufficiently  high,  and  these  Taponn  a»  mixed 
with  a  rofficieat  proportion  of  atmospheric  air,  they  will  be  burnt ;  bat  if  the  rolatili- 
sable  portioiiH  wer<?  not  barnt,  the  loss  of  calorific  power  would  be  in  the  caae  of  wood, 
more  than  one-half,  and  in  the  ease  of  coal  nearly  one-third. 

When  these  hydrocarbon  vaponre  bnra,  or  come  in  contact  with  highly  heated  Aid, 
ther  oxe  immediately  decomposed,  with  separation  of  carbon  in  a  veij  fine  ftate  ol 
dirusion ;  and  if  the  temperature  of  the  atmosphere  within  the  fomace^  be  inmiflkicat 
to  determine  the  combiniition  of  the  whole  of  this  carbon  with  a^jrgen,  aome  of  it 

escapee  unbumt,  producing  smoke  and  soot,     In  a  flame  of  this  kind,  whteh  \ 

without  smoke,  the  deposition  of  unbiirnt  carbon  is  immediately  effected  by  fedi 
the  temperature  of  the  flame,  as  in  holding  a  piece  of  cold  metul  in  a  gsLa-flamck, 

Then  since  the  combustion  of  these  vapoore  in  a  boiler  fomaoe  takes  plans  joal 
the  burning  rapour  is  passing  away  from  the  fire,  alon^  the  soi&ce  of  the  boilfr 
towards  the  chimney,  the  abstraction  of  heut  may  be  sufficient  to  rednoe  the  teBpn»> 
tore  of  the  mixed  gas  below  the  point  at  which  it  would  be  capable  of  eflecttag  t^ 
combnstioD  of  the  suspended  carbon.     The  carbon  thus  eliminated  by  the 
tion  of  the  hydrocarbon  Tapours,  and  that  prevented  bom  being  bnznt  in  ( 
of  the  cooling  of  the  burmng  gas,  is  partly  deposited  as  soo^  and  ptftly  ewepi  I 
mechanically  by  the  gaseous  products  of  combustion,  giving  rise  to  smoke. 

The  tendency  to  the  production  of  soot  and  smoke  in  the  combustion  of  fuel  contaii>- 
tng  Tolatilisable  substance  will  be  greater  in  proportion  to  tlie  amonnt  of  Tokutinll* 
■ubetanco  in  the  fuel,  and  more  especially  in  protx>rt,ion  to  the  amount  of  carbon  in  tlli* 
vapour  produced.  In  the  case  of  Newcastle  cool^  the  amount  of  carbon  in  the  raimiir 
is  nearly  three  tim^s  oa  great  as  in  the  vapoitr  from  wood,  and  it  is  also  in  a  eooditiaB 
likely  to  give  rise  to  elimination  of  carbon.  ^^^ 

This  production  of  soot  and  smoke  involTes  a  corresponding  loss  of  heat.  n^^^| 
prerent  this  loss,  provision  must  be  made  for  supplying  a  sufBoency  of  air  foreAdlBH 
the  perfect  combustion  of  the  vaporous  products,  without  reducing  the  temperato»«^^ 
the  atmosphere  in  the  fumaoe.  Tliis  is  generally  doue  by  introducing  air  torongfa  tii« 
fu  mace-door,  above  the  Are,  and  at  the  back  of  the  fire,  so  as  to  become  heated  bsfen 
mixing  with  the  vaporous  products.  Mechanical  arrangements  for  supplying  the  hA 
in  ('ontinuons  small  portions  to  the  ftunaoe,  have  also  ^n  used  with  the  same  obj«ri. 

The  possible  waste  of  heat  resulting  from  the  preeence  of  volatilisable  combuBtiU* 
substance  in  fuel,  may  be  judged  of  by  comparing  the  calorific  power  of  Newcastle  «•! 
with  that  of  the  fixed  carbon  it  contains.  The  average  of  Newcastle  cosJ  eoataiM  80 
per  cent,  of  fixed  carbon,  so  that  if  the  coal  be  burnt  in  such  manner  that  only  tl&i 
portion  of  it  is  effective  in  generating  heat,  its  calorific  power  might  be  regarded  si 
frflO  as  compared  with  carbon. 

But  this  coal  contains  82*12  jmt  oenL  carbon,  and  4-60  per  cent,  avmilaUfiliydrognii 
consequently  its  calorifiic  power  is 

-8212     +     {046      X     4-26fi)     «=     1-017; 

and  if  the  volatile  products  were  not  burnt  at  all,  the  waste  of  heat  would  amfl^nt  la 

fottp-tenths,  and  if  only  the  carbon  of  the  volatile  products  remained  onbumt,  the  wMte 

would  amount  to  nearly  one-fourth. 

The  extent  to  which  heat  may  be  wasted  in  consequence  of  imperfect  ooobution 

from  this  cans^,  and  the  liability  to  the  production  of  smoke  and  scot  la  the  ease  of 

different  kinds  of  fuel,  may  be  seen  from  tbe  following  table : 

Welih    AvenM     „    .    LtDcuhir«      Drrthjihlre    NrweaiUs  Seoldt 
coali.       wood.       rcBi.         pg^i^  ^^^y  ««»|,  eoai. 


Tirtal  carbon  83-78        40-36 

Amount  of  carbon  *oUtlliiMl      l&OO         lft-5S 

„         M  available  hjdrogea     i-fj  0*81 


77  90 
4i> 


79M 

not 


4«  ¥4» 


Whenever  fkel  is  employed  for  generating  steam  or  for  analogoos  porpoees;  it  il 
desinble  to  effect  perfect  combustion  as  far  as  possible ;  bnt  there  are  some  apnlies- 
tions  of  fuel  in  metallurgical  operations,  where  it  is  Bdva.ntageons  to  hare  a  higUr 
carbonaceous  flame,  and  where  thie  Ls  of  great<T  importance  than  obtaining  the  ftill 
beating  effect  of  the  Aiel.    Thus,  for  instance,  in  the  manufacture  of  m>ll.«i^  aoa,  it 
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is  QTCMMiT  tlut  tb«  hodj  of  flame  and  heated  gaaea  pumng  through  the  vt  eking 
ehiunber  of  the  puddling  fdrnace,  aboiild  Dot  contain  free  oxygen  in  aoAdent  qiiantity 
to  oxidise,  or,  aa  it  is  technically  termed,  to  "  cat "  the  metal. 

fi«eidea  the  actual  loss  of  heut  in  consequence  of  imperfect  oombuation,  and  in  other 
wsya,  •  Urge  portion  of  the  heat  gentimted  by  the  comboation  of  fuel  it  alTrajs  con- 
sumed in  tmoacing  the  draught  by  which  the  prodacta  of  combostion  are  remoTed 
htym  the  nmace,  and  the  fr^h  supply  of  air  mjuntained.  Thia  portion  of  the  heat 
la  not  avaiUble  tuider  ordinary  circumatancea  for  producing  any  other  nsefol  effecta. 
The  amount  of  heat  so  consomed  Turiea  according  to  the  nature  of  the  prodacta  of 
combustion,  and  according  to  the  use  to  which  the  fuel  is  applied.  In  every  case  the 
vhole  qunntity  of  beat  oorresDonding  to  the  temperature  at  which  the  gnaeoua  pro* 
duct«  of  combuiition  are  discnarged  from  the  place  where  the  heating  effect  is  to  b« 
produced,  is  ineflfeetira 

In  boiler  fomacea  it  has  been  found  that,  to  nuuntnin  a  sufficient  draught  by  meana 
of  a  chimney,  the  temperatore  of  the  gaaeooa  products  of  combaation  most  not  be 
reduced  below  3l£*^C.  For  example,  the  amount  of  heat  thus  consumed  in  the  two 
extreme  cases  of  the  combustion  of  carbon  and  of  hrdrogen  in  twice  as  much  air  aa  itf 
aeceaaary  for  their  co&Tersion  into  carbonic  acid  and  water  raponr,  will  be : — 

Quantity  nr  hiMt  : 


Girboa 


of  prcxiiwu. 


UBi((. 


24-22 
8066 


6-736246 
19076626 


3160 
3160 


-     1807 
-'     6016 


The  amount  of  heat  which  thus  pasaea  away  without  producing  its  desired  effect,  will 
be  DToportionatcly  greater  as  the  temperature  at  which  tne  prodacta  of  oomhostion  pass 
to  tae  chimney,  is  higher  than  316<*  C. ;  but  it  may  be  asmimcd  that  the  minimum  con- 
ssmptioa  of  heat  in  producing  a  draught  by  means  of  a  chimney,  amounts  in  round 
munhets  to  one-foorth  of  the  available  heat  generated.  When  the  oombustion  of  fuel 
is  effected  in  this  maaner,  its  practical  effect  for  boating  and  evaporation  will  therefore 
be  only  three-fourths  of  the  capability  indicated  by  calculation. 

If  the  perfect  combustion  of  fuel  ooold  be  effected  in  ix>iler  fomacea,  with  no  mom 
air  than  suffieient  (br  couvertiag  its  eombustible  constituents  into  carbonic  add  and 
water  Tapour,  the  loss  of  heat  from  the  drcamstii nee  just  mentioned,  might  b«  reduced 
to  one-half  what  it  is  when  fuDl  is  burnt  with  double  that  quantity  of  air.  By  using 
a  fan-blower  to  drive  the  air  into  the  furnace,  instead  of  drawing  it  in  by  means  of  a 
chimney,  the  economy  of  heat  might  be  carried  still  farther,  inasmuch  as  the  gaaeooa 
products  of  combustion  at,  or  even  below,  316°  C,  might  then  be  employed  for  heating 
pnrpoaes,  to  which  they  cannot  be  appEed  when  the  neat  they  contain  is  required  to 
produce  a  draught. 

In  reTerbemtory  furnaces,  the  amount  of  heat  which  pasaes  sway  in  the  gaseous  pro* 
ducts  of  combtiatioQ  is  Terr  much  greater  than  it  is  in  boiler  oir  eraporatin^  fomacea, 
in  consequence  of  the  much  higher  tempemturc  generally  required  to  bo  maintained  in 
those  ftmioces. 

In  the  mnnuiocture  of  malleable  iron,  the  temperature  at  which  the  iron  is  required 
to  be  kept  in  puddling  furnHcee  is  nboat  1660^  C.  At  that  high  temperattire,  the  dis- 
persion of  heat  by  mdiation  and  conduction  is  so  great,  that  it  is  nece^Moiy  to  keep  up 
a  rapid  current  of  heated  gaaes  through  the  working  chambn*  of  the  furnace  and  a 
rapid  combustion  of  fbel  to  maintain  the  temperature  required.  B^  the  beating  of  tha 
iron,  the  atmosphere  in  the  furnace  is  znpidly  brought  below  this  temperature,  and 
must  be  constantly  replaced  by  fresh  portions  of  gaseona  products  of  combustion, 
heated  aboTO  that  temperature.  It  is  only  the  heat  corresponding  to  tlie  difference 
between  the  temperature  of  the  iron  and  the  higher  temperatore  of  the  atmosphere  in 
thefdmace,  that  is  aTailable  for  beating  or  for  maintaining  the  temperature  of  the  iron. 
The  circumstance  that  the  spedflc  beat  of  iron  is  not  much  more  than  half  as  great  as 
that  of  the  atmonphere  in  the  furnace,  {avours  the  heating  of  the  iron ;  but,  in  any  case,  it 
is  only  part  of  this  aTailable  beat  that  is  really  efftvtivc  in  raising  or  maintaining  the 
tempen^ore  of  the  iron.  The  higher  the  temperature  of  the  iron,  the  smaller  will  be 
the  eSlKTtive  portion  of  the  available  heat,  because,  as  the  temprature  rises,  the  disper- 
sion of  heat  by  radiation  and  conduction  increases  rerv  considerably.  ]^Ir.  Pridoaux 
has  estimated  tliat  even  when  ^e  iron  is  first  pat  into  tne  puddling  furnace,  and  with 
the  furnace  atmosphere  at  a  constant  tempemturc  of  1816°  C,  the  effiBctive  portion  of 
the  available  heat  is  not  more  than  one-half  of  the  whole,  and  that  when  the  tempera- 
ture of  the  iron  is  1370"  C,  less  than  one-eloverth  of  the  whole  »s  effective.  In  fnr- 
iiacen  where  welding  heat  is  mquired,  thi-  :imnnnt  of  heat  that  is  effective  is  stilt  lesa, 
not  being  more  than  one-six  ty-fomrth  of  tho  whole  heat  generated,  the  remaining  68 
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parts  being  wasted.  By  increaaing  the  tempcntare  of  tbs  atmoephere  in  tlte  faruaea. 
and  the  differenci*  between  that  t^nxiierature  and  the  tempetatiue  to  be  matfltaineil  i« 
the  iron,  k>  as  to  increase  the  raUs  of  heatinK,  a  great  economj  of  fiiet  may  be  effected, 
"becauB*.  in  that  case,  s  greater  amount  of  the  available  heat  becomes  HTectiTe^  Thia, 
Mr.  Pridtfjiui  ahowa  that,  if  the  atmoBphere  in  a  furmioe,  whtre  •  welding  beet  is 
roquirecl,  b«  maintained  at  a  temperature  of  2039°  C,  one-eixte«nth  of  the  heat  geB»- 
rated  will  be  effective  instead  of  only  one-sixty-foarth.     In  this  caMe,  an  incwMt  at 


temperature   amounting 
beat. 


to  one'cighth   is  attended  with  a  four-fold 


Monony  of 
B.H.P. 


i  dppo«it  oecBrriag 
I  a  shining  strnkk ;  gn<ni> 
Specific  gravity  =-17  — 


tXT.  J(JW}. 

wlyfefaj^ 


rTrxiX.SB'B  moJRiTB.     Waikerde.  Walktkon.—kxt  x 
in  connection  with  the  chalk,  oolite,  &c.     It  is  earthy,  witli 
i»h-grey,  oil-green,  white,  yellowiah,  reddish  or  red-brown, 

2"-l.  It  feels  either  greasy  or  harsh  ;  adheres  a  little  to  tlie  tougne  ;  iklls  to  ^ecrs  xa 
water.  It  is  found  at  Nutfield  near  Roigate  in  SurTpy ;  near  Maidstone  lo  Kent, 
Wobiim  in  Bedfordshire  ;  at  Vahla  near  Aix-la-Cliapelle,  Eosawein  in  Saxosy,  Zwi* 
kowetz  in  Bohemia,  and  elsewhere.  (Da no,  ii.  504.) 

The  ItTm  fuUfr's  earth  was  original]}-  confined  to  a  sandy  argillaceons  earth  met 
with  in  the  upper  part  of  the  stratum  just  mentioned,  on  account  of  its  us*  in/aUiiy 
or  cleansing  cloth,  when  first  woven,  from  grense  and  other  inij^iiiriTlea  ;  but  it  is  now 
extended  to  the  entire  formation  to  which  this  earth  belongs.  (Set*  Un's  Diciioiutry  oj 
Arts,  fiC.  ii  307.) 

ruXllBVATBB.  C^NilPO*  (M  denoting  a  monatoraic  metal).— This  nans  ii 
applied  to  a  class  of  salts  polymeric  with  the  cyanates  and  cvnnumtea,  b«t  distitt- 
piiiahed  from  them  by  the  property  of  detonating  violently  when  boitted  or  stmcL 
Howard  first  showed  (Phil.  Trans.  1800)  tliat  nitrate  of  mercury  or  nitfnt«  of  rilva 
heated  with  alcohol  and  excess  of  nitric  ncid,  yields  s  peciiliar,  cryftsUiDC.  easiTf 
detonating  precipitate,  viz.  fulminating  mernity  or  fvlminating  silver;  but  the  cnta- 
position  of  these  precipitAt^e  remained  unknown  till  1824,  when  it  was  diacorered  lij 
Liebig  (Ann.  Ch.  Phvs.  [2]  xxiv.  298;  Ann.  Ch.  Phann.  xxvi.  546).  wb<»e  drtff- 
minivtion  was  aft«rwards  confirmed  by  Gay-Lussac  (Ann.  Ch.  Phys.  [2]  xxt.  286). 

Fnlminic  acid,  or  fulminate  of  hydrogen,  has  not  been  obtained ;  and  the  only  ( 
nute  of  which  a  »atisfiictory  analysis  has  been  made,  is  the  eilver-salt,  which,  « 
to  G»y-Luasac  and  Liebig,  contains  7'92  p*'r  cent,  carbon,  924  nitroRrn,  72'I  _ 

and  10'65  oxygen,  agreeing  with  the  empirical  formula  CNAgO,  which  reqoiree  8-W 
carbon,  933  nitrogm,  72*00  silver,  and  10'67  oxygen.  This  is  the  formula  of ^atta 
of  silver.  Bat  there  can  b»  no  doubt  thnt  the  formula  of  fulminate  of  silver  is  a 
multiple  of  this,  and  mo«t  probably  C*N*Ag*0* :  for,  in  the  first  place,  the  fulminatAtn 
formed  by  the  action  of  nitric  acid  and  a  nitrate  on  alcohol,  which  is  a  2-carbcffl  em* 
poondT  Mcondly,  many  of  the  reactions  of  the  silver-dalt  show  that  one-half  «f  tJia 
silfflr  is  in  a  different  etuto  from  the  other  half;  and  thirdly,  several  double  fnlniiMlM 
are  known,  including  a  fulminate  of  silver  and  hydrogen,  C'N'AgHO*.  Henet  Osf- 
Lussae  and  Liebig  assigned  to  neuti-ul  fidminiite  of  silver  the  formnla  Cy'Ag"0*,  sop* 
posing  it  to  he  derived  from  a  dib:tsic  fulminic  acid,  Cy'H'O*.  This  view  is  npportcd 
by  the  fttct  that  in  maoy  reactions  of  fulminating  ailTer,  bydiocyaiuo  asid  u 
pKKiuced 

Berzelius  {Berr.  Jahreibrr.  xxiv.  89)  supposed  that  the  fulminates  eontab  % 
metallic  nitride,  e.  g.  ftilminating  silver  =  AgO.Agfi.C*NO^,  thia  mode  of  i^pmewbta* 
tion  being  intended  to  afford  an  explanation  of  the  &ct  that,  in  many  x««ctioai«f 
fill  minuting  silver,  only  half  the  Kilver  is  separated ;  also  that  fahninate  of  ailnr  od 
potasaium,  KO.AgN.€*y(P,  detonates  as  strongly  as  ftdminatinrsilrer  ttselC  Um^"* — 

nution  in  either  case  being  attributed  to  the  sudden  decomposition  of  the  f 

ApN. 

The  formation  of  the  fblminates  by  the  action  of  nitric  acid  apon  aleohol,  I 
with  their  explosive  properties,  indulged  Laurent  and  Gerhardt  (/Wris  dis  SUmt 
oraani^w,  iL  445)  to  regard  them  as  compounds  containing  nitrrU  NO*,  a  ndicdf 
which  IS  frequently  introduced  into  organic  molecules  by  the  action  of  nitric  acid.  uA 
almost  always  imparts  to  them  more  or  less  of  an  explosive  character;  thej  aeoofd- 
in gly  represented  fulminating  silver  by  the  formula  CN(NO»)Ag*. 

This  view  of  the  composition  of  the  fulminates  receives  strong  oonflrmation  fromtiis 
recentexperimentsof  Kckule  (Ann.  Ch.  Phorm.  ci.  200 ;  cv.  279),  and  of  Schischkoff 
(thid.  cL  213),  which  have  shown :  I.  Thnt  fulminating  raercnry.  treated  with  chlorK, 
or  with  hjrpochlorite  of  calcium,  yields  chloropicrin,  a  compound  certainly  containing 
fhe  radicle  nitryL  vis.  C(NO')CP  (i.  923) ;  and  with  bromine,  it  yields  dibromonitnce- 
tonitril-',  C(NO»)BrfN,  or  bromopicrin,  C(NO»)Br»,  according  as  the  fulminsliof 
mercary  or  the  bromine  is  in  excess.  —  2.  Fulminurie  or  isocyannric  acid,  (TN'HK)*,  a 
compound  produced  by  the  action  of  alkaline  chlorides  or  iodides  on  folwi^-'  -• 
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tnenmry  (p.  73R),  also  Tieldn  cbloropiciiD  when  trontod  with  hypochlorito  of  cidciuni, 
»nd  trinitracetOQitrile,  C*(NO*)*N,  when  treated  with  gtrone  nitric  acid.  Schischkoff 
La.1  olao  obflerred  Haat  when  the  samo  add  is  di>eompo«M  by  linc  in  preacaMM  of  a 
mitMtral  acid,  the  hydrogen  eliminated  from  the  latter  is  almost  whoUr  abmrbed. 
Thi»  WACtion,  together  with  the  explosive  character  of  the  fulminuralM,  also  points  to 
th«  ttcSafelice  of  an  oxide  of  nitrogen  in  these  compounda ;  and  thin  being  th«  caae,  the 
mode  of  formation  cf  fatmiouric  add  ahowa  that  Uie  nitroeompooDd  moittalao  exiat  io 
fulminitf  add. 

Kakald  aaaigna  to  fulminic  add  thefommla  C(NO>X0N)H»  or  0(NO»)CyH«,  which 
amooots  to  aupposing:  1.  Thut  half  the  carbon  and  half  the  nit«>geD  in  folminie 
add  are  «o  arranged  aa  to  ^ietd  cyanogen-Ksompomida  under  the  inflaeoee  of  certain 
reagenta.— 2.  That  the  remaining  half  at  the  nitrogen  eziata  in  fnlminie  add  in  the 
same  form  as  in  the  so-called  nitro-oompoanda.  Thia  riew  is  in  accordance  with  the 
following  reactions. 

Fulminating  morcnry,  sospended  in  water  and  treated  with  dilorine  gas,  yields 
ehloropicrin,  gaseoos  dilorida  of  cyanogen,  and  chloride  of  mercury,  without  any  ero- 
lution  of  carbonic  anhydride^  aecoiding  to  the  eqoation : 

C(NO»)CyHg'  +  Sa  -  C(NO«)a»  +   Cya  +  Hg"a« 

Fulminating  mercniy  treated  with  mlphydric  acid  yields  miJpUocyanate  of  amino- 
niiim  and  carbonic  anhydride : 

C{NO»)CyHg-    +  2H*S  -  Hg"S   +   Cy(XH«)8  +   C0«. 

According  to  EekuIS'e  formula,  fulmiiuc  add  belongs  to  the  same  type  as  marsh- 
oaa,  and  exhibits  a  veiy  doso  analogy  with  the  bodies  in  the  following  series 
p«0«  -  X]: 

Mareh-gas CH  H  H  H. 

Chloride  of  Methyl CH  H  H  CL 

Chloroform CM  CI  CI  CL 

Nitroforra CH  X  X  X. 

Chlon^nicrin CX  €1  CI  CI 

Chloride  of  Dinitromethylene     .        .        .        .  CX  X  CI  CL 

Acctonitrile CH  H  H  Cy  -  CH'N. 

Trichloriicetomtrile CCl  CI  CI  C^  -  C=C1»N. 

Trimtracetonitrilo CX  X  X  Cy  »  C*X*N. 

Dibromonitracetonitrilo CX  Br  Br  Cy  =  C*XBr*N. 

Fulminating  Silver  CX  Ag  AgCy  -  C'Xj^^g^N. 

Fulminic  aeid  {hyp.) CX  H  H  Cy  -  CXH-'N. 

According  to  these  formula,  the  compounds  to  which  fulminic  add  is  most  intimately 
related  are  ehloropicrin  and  acttonitrilc ;  its  forniiila  is  in  fact  the  same  aa  that  ol 
moDonitracetooitriie. 

The  formation  of  fnlminie  add  by  the  action  of  lutrocis  add  upon  alcohol  may  be 
explained  as  foUowB.     On  tha  one  hand  cyanic  add  is  formed  : 

(m*0     +     N'0«     -     2CNH0     +     2^0; 

on  the  other,  nitro-aeetic  add ;  and  these  two  oompoutds  by  their  mutoal  action  pro- 
duce fnlminie  add ; 

C^NO>)0«     +     CNHO     -     C'H'(NO»)N     +     CO*    +     HK). 

Kekul^  regards  the  formation  of  fulminating  imercory  as  analogous  to  that  of  chloro- 
fi)rm.  In  the  one  cose,  aleohul  is  subjeeted  to  the  simoltaneoas  action  of  oxidising  and 
cbloriniiting  agents;  in  the  other,  tlie  alcohol  is  likewise  oxidised  (couTerted  into 
cyanic  acid),  while,  at  the  same  time,  cyanogen  and  mercury  are  present  and  ready  to 
take  the  place  which  the  cblorino  occupies  in  chloroform,  the  strong  nitric  add  uk»> 
wise  introdndng  the  groap  NO*.  Ln  fact,  JiilminaLing  roercniy  might  be  regarded  as 
nitrated  chloroform  in  which  2  at  CI  are  replaced  by  merenry  and  oue  by  cyanogen. 
This  Tiew  receives  eome  corrobonition  from  the  fact  that  the  analogons  compound, 
cfaloropicrin,  is  produced  by  adding  chloride  of  sodium  to  a  mixture  of  alcohol  and 
strong  nitric  acid. 

Schischkoff  (Compt.  rend.  li.  99)  doubles  the  preceding  formula  of  fulminic  add, 
but  otherwise  agrees  with  Kekul^  in  supposing  that  it  contains  both  cyanogen  and 
nitryl: 

C*N*H*0*  «  CXNO»)*H'Cy«. 

According  to  this  formula,  the  actd  may  l)e  regarded  as  denTed  firom  ethylic  alcohol, 
by  the  substitution  of  cyanogen  for  oxygen  (Cy*  for  0),  and  of  2  at.  nitryl  for  2  at. 
hydrogen.    Schischkoff  fiwther  sitppoees,  that  wh«n  alcohol  is  acted  upon  by  nitric 
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acid,  dimtroetbylene,  C»j(jjo')'  ^°°^  '**  isolated),  and  hydrocyanio  acid  are  fumed, 
and  produce  falnuDic  acid  by  their  anion : 

CCNO'fH'  ■»-   2HCy  -  C^NO^H'Cy*. 

In  like  nunner,  a  {olminata  may  be  regarded  as  a  mmponnd  of  a  metalUe 
eyiinide  irith  diuitroetbylpEe  in  which  the  hydrogen  ia  replaced  by  an  eqaJTslmt 
quantity  of  a  inptJil :  a  view  which  accords  with  the  fact  that  in  the  doable  d*^ 
oompoeition  of  fulmiikates,  e.g,  of  the  silrer-salt  by  potash,  only  half  tha  metal  u 
separated. 

Sehischkoff  formerly  regarded  fulmiaic  add  aa  a  compoond  of  2  at.  cyanic  acid  ni 
1  at  nitraeetonitrile  -  (CHNO)*,NCXNO*)H'  (Ann.  Ch.  Pharm.  t±  213;  Gat  ail 
551). — [For  GeQt«le'B  riewa  of  the  constitution  of  tha  folminatea,  see  J.  pc  dkNL 
Ixxxiv.  101  •  IWp.  Chim.  purP,  1862,  p.  195] 

FaliELinate  of  copper  is  obUincd  in  green  crystala,  very  eli^htly  aoloble  in  baOiu^ 
wator  and  highly  explosive,  by  boiiine  fulminating  mercury  with  water  and  topptr, 
and  filtering  the  hat  liquid.  When  Mrainating  siirer  is  uaed  instead  of  thp  mcrrarr* 
rait,  a  gireenish-blue  powder  is  obtained,  leas  ezploeive,  and  likewise  rciy  slightiy 
soluble  in  water,  forming  a  sky-blue  nolntion. 

Fulminata  nf  Capper  and  Ammonium,  C'N*  |  x-Mrrt^s  [  O'.— Formed  by  miaing  a  sola* 

lion  of  fulminate  of  copper  with  a  large  excesa  of  ammonia,  1  at.  copper  being  then  r»- 
pliicjed  by  1  at.  amraoniutn.  When  a  stream  of  Eulphur«tt«d  hydrogen  is  pamd 
tlirough  the  eolutioa  af  thia  salt,  the  copper  is  completely  precipitated^  tcmi  lbs 
Altered  solation  is  found  to  contain  hydrosulphoc^iinic  acid  and  area : 

C^N*Cii"(NU')'0*  +  6H»S  »  Cu"S  +  2H»0  +  2CXHS  +  2CN*H«0. 
The  foraiation  of  nrea  from  this  salt  exhibits  in  a  striking  manner  the  dose  relataga 
between  the  falnsinateu  and  cyanates.     (G-ladstone,  Ann.  Ch.  Pharm.  IrrL  1,) 

Fulminate  of  Copptr  and  Pet  ostium. — By  digesting  fulminate  of  silver  and  pofas- 
Bium  with  copper,  the  silver  is  precipitated  and  a  liquid  obtained,  which  is  ueithef 
prpcipitiit(>d  by  potash,  uor  tamed  blue  by  ammonia,  unless  it  be  previously  miud 
with  hydrochloric  iicld.    (Liebtg.) 

Polmlnate  of  S7ilror«n«  or  rnlxntolc  Aeld,  does  not  appear  to  cadat  m  tbs 
free  srtate, 

I*iilmlnate  of  Meronir*  Mereurio  fulminate.  Fidminatina  Afemtn/. — Hal 
salt^  discoTcred  by  Howard,  is  produced  when  mercury  or  mcrcunc  oxide  is  heated 
with  alcohol  and  stronpr  nitric  acid ;  also  by  boiling  fulminating  sitrer  with  macary 
and  wat«3r,  and  by  precipitating  the  sinc^alt  with  solution  of  mercuric  chloride. 

To  prepare  it,  1  pt.  of  mercarv  is  dissolTed  in  12  pts.  nitric  acid  of  specific  graritj 
rS;  and  the  solution,  when  cold,  is  mixed  with  11  pts.  alcohol  of  85  to  88  par  eest, 
and  the  miatttre  is  heated  in  the  water-bath.  It  tbon  enters  into  ebullition,  aad  mst 
be  romovod  from  the  fire  as  soon  as  it  begins  to  show  turbidity,  then  led  to  i 
decanted,  and  the  mercuric  fulminate  collected  on  a  filter  and  pnrQSed  hjtt       '  * 

tjon  from  boiling  water.     The  mother-liquor  yields  a  fresh  qaaatity  by  c, 

(Chevalier,  Ann.  Ch.  Pbarm.  xxiii.  167).  The  reaction  by  which  thas  coinpoundl. 
produced,  is  attpnded  with  the  evolution  of  a  whita  cloudy  vapoar,  the  rthfre/u  «itn«iu 
gm  of  the  older  chemists,  containLng  nitrogen  and  its  oxides,  carbonic  acid,  hydro- 
cyanic acid,  aldehyde,  acetic  acid,  acetic  ether,  formic  acid,  formic  ether,  a  tarfs 
qnaatity  of  nitrous  ether,  &c,  togetber  with  rapoor  of  m«Tcarjr.  The  nature  aad 
qoantity  of  the«e  products  varies  according  to  the  proporttona  of  tiie  mixtoxe,  the  dota- 
tion of  the  action,  the  dej^ree  of  heut  employed,  &c 

Cloez  fotind  in  the  mother-liquors  of  the  preparation  a  peculiar  acid,  called  komO' 
lactic  acid  (g,  v.),  resembjinp  lactic  acid. 

Mercuric  fulminate  crvst^UH^ies  iu  white  silky  needles,  soft  to  the  touch,  baring  a 
(iwpetish  metallic  taste,  highly  f xplosive,  very  abghUy  solnble  in  coIdL  more  aolnhle  in 
boiling  water,  solnblo  in  ammonia. 

Decompositions. — 1.  Fulminating  morcunr  heated  to  186"*  C,  or  fbiciUy  stwck, 
dftotutes  with  great  violence  ;  the  explosion  is  likewise  produced  by  cMttaiet  with 
etruog  sulphuric  or  nitric  acid,  by  a  spark  from  flint  and  steel,  or  by  the  electric  spoit 
When  moists  it  may  bei  hnndlcd  without  risk  of  explosion,  but  in  the  dry  state  it  ik  s 
most  dan^rous  substance:,  and  all  manipulations  performed  upon  it  ahoold  be  ooo- 
ducted  with  the  greatest  caution. 

10  grains  of  fulminating  mercury  yield,  when  exploded,  4  cubie  inches  of  pcrDaneot 
gas  at  0**  C,  and  23-5  in.  bar.;  but  at  the  moment  of  explosion  thjs  Tobrmp  is  grvsflT 
Btigmented  by  the  eipinsion  produced  by  the  heat  of  the  explosion,  and  by  the  admixtnw 
of  uerranal  vapour.    Tke  exploiUTe  force  within  a  email  space  is  much  greater  thaa 
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that  of  ganpowd«r,  but,  at  the  inme  time,  it  is  more  sudden,  ftnd  therefore  wA  M  vrll 
•duptod  for  propelling  a  h&lL,  helns,  in  (act,  more  likelj  to  burst  the  gun:  for  pro- 
pulhug  a  ball,  a  eradual  expanaire  force  ia  required,  auch  oa  will  continud  ita  impalaive 
action  on  the  projectile  dunng  th«  whole  time  of  it«  pa<>Fiage  along  the  bore  of  the  gun. 
Fulminating  mercury  is,  however,  admirjibly  adapted,  by  ita  ready  inflaiuniabibty.  for 
the  priming  of  perc'aaiioa  oap«,  for  which  purpoeo  it  ia  prepared  on  the  large  scale: — 
1  kilogramma  of  mercory  Tielda,  by  the  preceding  procMB,  If  kilogmmmM  of  Ailmiiiate, 
vbidi  will  eerre  for  priming  40,000  capa.  (6 era.  ii  364 ;  aee  alao  Ur^a  JHciionary 
of  ArU,  &e^  ii.  iO%.) 

2.  Hot  nitric  acid  decompoflea  Mmioatinff  mercraT,  yielding  carbonic  add,  acetic 
acid,  and  mcrcaric  nitrate. — 3.  Moderately  dilute jn//p*ww  fl«'ii  deeompoaca  it  without 
detonation,  but  with  rise  of  temperature  and  evolution  of  gaa.  In  thia  reaction,  84 
per  cent  of  a  white  non-detonating  powder  ia  aeparated,  apparently  a  mixture  of 
metallic  mercury  with  mercuroua  oxiuate(merc-aroaa  sulphate,  according  toBerthoUet), 
whiUt  alflo  a  small  quantity  of  mercury  appears  to  remain  diasolred  in  the  liquid  oun- 
taining  the  sulphuric  acid. 

4.  Aqneoiis  kydrocUorie  aeid  decompoaea  fulminating  mercury,  without  any  conai- 
derable  evolution  of  gaa,  forming  mercuric  chloride  and  mercnrous  oxalate  (Howard)^ 
According  to  Ittner,  it  produces  a  large  quantity  of  hydnx^anic  acid. — 6.  Suhkvdric 
acid  conveita  fujininating  mercury  iramersed  in  aqueooa  ammonia  into  nlpuide  o( 
mercory  and  bydroauiphocyanic  acid  (Pagenatecher): 

CTT^Hg'O'  +  SB'S  =  Hg-S  +  2CNHS  +  2H*0. 

6.  Cotliog  poiash-aoiution  eeparatea  a  large  quantity  of  mercuric  oxide,  without 
evolution  ofammonia,  and  yielda  a  filtrate,  which,  aa  it  cools,  depoaita  yellow  detonat> 
Lng  flakea  and  ne«dlea,  probably  confiisting  of  potassio-mercurie  fulminate,  and  forma 
with  nitric  acid  a  white  precipitate,  which  detonates  atrongly  by  percnasion.  JJarylu, 
4^rontiat  and  time  hehavB  like  potaab  (Liebig).  According  to  Pagenatecher  (Br. 
Arch,  vii,  293),  potaah-ley  exerts  no  action  in  the  cold ;  when  hot,  it  separates  mer*- 
curie  oxide,  but  the  filtrate  yields  by  evaporation,  not  a  detonating  lalt,  but  only  car 
bonate  of  potaaaium.    Thia  reaction  might  be  represented  by  the  eqtiation : 

(?N»IIg"0*  +  4KaO  +  H»0  -  2K*C0»  +  Hg-Q  +  2NH«. 

7.  A  solution  of  fulminating  mercury  in  warm  aqueous  ammonia  depoaita,  on  cool* 
ing,  yellow,  atmngly  detonating,  granular  crystalit;  but  if  the  aolntion  be  boiled  foi 
aome  time,  it  deposita.  on  cooling,  a  yellowieh  white,  non-detonating  powder  (Liebig)^ 
According  to  Pagenatocher,  fulminating  mercury  diasolToa  abundantly  in  ammonia, 
without  eepuralion  of  oxide ;  the  aolution,  when  exposed  to  the  air,  gives  off*  ammonia 
and  becomes  corerod  with  a  cryBtalline  cmat  of  tinaltered  fulminating  mercnry,  wbicb 
renewn  itaelf  mt  often  aa  it  ia  broken. 

8.  Finely  divided  rine,  etypprr,  or  giliyr  (the  laat  in  contact  with  platinum-foil), 
boiled  in  water  with  ftilratnatiiig  mercory,  decompoaea  that  compound,  yielding 
metallic  mercury  and  fulminate  of  kidc,  copper,  or  silver  (Liebig),  A  pasty  mixtura 
of  fulminating  mercury  with  pulverised  iron  and  WHt*r,  mrwSerntcly  warmed,  becomes 
strongly  heated,  and  dries  up  almost  complit^'ly  to  a  red-brown  tntu»;  this,  when 
mixed  with  lukewarm  water  and  Altered,  yield»  a  filtrate  which,  on  evaporation,  leavea 
A  snail  aaline  rwidae  «ontainuig  ammonia ;  and  on  the  Alter  there  remains  a  black- 
brown  residue  which  contains  globules  of  mercury ;  yields  pmaaian  blue  with  hydio- 
cbloric  acid  ;  and  when  heated  after  drying,  buma  with  bright  sparkling,  but  without 
detonation.     (Papenstecher.) 

T^iilBainatea  of  SUTcrr.—  I.  The  nnitral  salt,  or  ftdminatii\g  tUvtr,  CTN'Ag^',  ia 
formed  by  beating  aqueous  nitrate  of  silver  with  strong  nitric  add  and  aleobol,  the 
aame  phenomena  and  products  appearing  as  in  the  formation  of  fulminating  mercury 
(p.  732).  Neutral  nitrate  of  HJlver  do*«  not  yield  fulminuting  aUvcr  when  boiled  with 
alcohol ;  the  formation  of  that  componnd  requires  the  pri>«ence  of  nitrous  acid,  intt.>»- 
much  aa  cyanogen  is  thereby  produced;  when  nitrons  acid  vapour  ia  passed  into  an 
alcoholic  solution  of  nitrate  of  silver,  fulminatiiig  silver  quickly  aeptirates  in  large 
needlt*,  without  ebullition  of  the  liquid  (Liebig,  Ann.  Cb.  Pharra.  v.  287): 

Cm*0  +  2AgN0«  +  2HN0*  =  C'N'AgK)*  +  2HNO»  +  3H^0. 

2.  Fulminating  silver  ia  also  produced  by  boiling  foLounating  mercury  with  water, 
pulverised  silver,  and  platinum -filings,     (Liebig.) 

JVffpa raiitfn,— Nitrate  of  silver  is  heated  with  alcohol  and  strong  nitric  add  till  th* 
liquid  begins  to  boil  up;  and  the  crystals  of  fulminating  silver  wlucli  form  dtiring  lb« 
ebullition  and  as  the  liquid  cools,  are  collected  on  a  filter,  washed  with  cold  water,  and 
dried  either  in  the  cold,  or  at  most  at  the  heat  of  the  water-bath. 
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Eowatd  and  Croieksbiuik  disftolTe  I  pt  of  sOrer  in  a  mbtvN  of  24  pts.  wattr  nd 

S4  pta  of  the  strongest  nitric  acid,  had  24  pie.  of  alcohol,  and  obtaia  I'Jt  pt  of 
fulminating  silver.  Brugn&telli  (A.  Gehl.  l  665)  poors  6  pts.  alcohol  and  then 
6  [<U.  fuminp  nitric  arid  on  I  pt  of  pulTcriwd  lunar  eaiutie,  and  at  the  proper  bm* 
cools  the  mixture,  which  boiJd  «p  and  depoiita fulminating  sOTer,  with  water,  to  pr^t 
thft  fulminating  silr^r  from  being  deootnposed.  Ac  cum  recotnmeDd.1 2-5  pta.  of  famtsg 
nitric  acid  and  7  bIh.  of  alcohol  to  I  pt.  of  nitrate  of  silver.  Deacotils  ^AsuL 
Chim.  Ixii.  198)  adds  the  alcohol  to  the  nitric  acid  us  the  etlTpr  diaaolvf«  is  tt;  M 
however  the  alcohol  intcpfcr<>s  with  the  Solution  of  the  silvfr,  the  product  ia.  aoeiffdii^ 
to  Liebig,  greatly  diminiMhed  thereby.  Wagenman  (Gilb.  Ann.  xxxi.  110)  nuxM  a 
solution  of  1  pt»  silTPr  in  8  pts.  nitric  acid  of  Rpeeiflc  grarity  118,  heated  to  M* 
CO*'  C,  witfi  8  pta.  alcohol  of  specific  prarity  0'66  ;  beats  the  liquid  again  to  60°  or  " 
and  adds  4  pts.  of  fuming  nitric  acid,  which  canaca  foaming  and  formation  of  fii 
Bating  Bilvcr  in  quantity  at  leaat  equal  to  }  of  the  silver  used.  According  to  Ia( 
the  quantity  of  alcohol  htre  re«)Tnjni.'D»led  is  too  snudl ;  and  th*  liquid  beconca 
hot,  whereby  the  fuiminatinp  silver  is  decomposed  (Liobig).  Gay-Lossae  and  Lit 
disaolTe  1  pt.  of  silver  in  20  pts,  nitric  acid  of  spe«ific  graxity  1*308;  add  to 
polulion  27  pt«.  alcohol  of  86  per  cent. ;  heat  the  mixture  till  it  boils  up;  remore 
liquid,  which  is  Incoming  turbiil,  from  the  fire;  mix  it,  in  orrier  to  modez»t«  tl« 
frothing,  with  another  27  pts.  of  alcohol ;  and  obtain,  aft<*r  the  liquid  haa  completdy 
cooled,  about  I  pt.  of  fulminating  silver.  Thp  raothcr^liquor  of  falmtoating  sUTsr  in 
green  if  the  silver  contains  copper,  and  when  evaporated  deposits  all  the  copper  in  lb* 
form  of  oxalate ;  there  thnn  remaina  a  liquid  containing  silver,  which,  when  furth* 
eviimoTated,  leaves  a  reni  salt,  easily  soluble  in  water.     (Liebig.) 

The  preparation  of  fulminating  silver  requires  the  greatest  cantion. 
vessels  must  be  tucd,  so  that  the  liquid  may  not  boil  over,  aa  in  that  a 
might  dry  on  the  out^de  and  then  explode ;  all  flame  most  be  rnnored  to 
lest  tJie  vapours  should  take  fire;  and  the  mixture  mu«t  be  stirred  with  woodoi  roh, 
not  with  glass  rods  or  other  hard  boclie^.  Contact  with  hard  Ixidies  moat  espediDj 
be  avoided  after  the  preparatioa  is  dry.  Paper  shovels  must  be  used  to  traaafcriU 
and  it  must  be  kept  in  veHsels  of  [>aper  or  paate-board,  not  of  glaea,  and  t^  nrntit 
must  bo  loosely  covered,  as  an  explosion  might  arise  from  the  friction  of  glaas  stoppiBS 
or  from  pressing  the  cover  of  the  box  to  fix  it. 

Fulminating  silver  forms  small,  white,  opiqae,  shioizig  needlea,  having  a  lti«a& 
bittorish  mets^ic  taste,  artd  veiy  poisonouA.  it  is  but  vfirr  uigbtJy  soluble  in  ccAd  wtia, 
ciiMHolves  in  36  pts.  boiling  water,  and  separates  on  cooung.  It  diasolves  mocfa  more 
freejy  in  aqueous  ammonia,  and  is  left  behind  unaltered  as  the  j^nttrf^niit  enpontca 
It  is  used  for  making  crackers  and  other  detonating  toys. 

Ikcompofitions. — I.  Fulminating  silver  gradiudly  bluckona  when  esxpoeed  to  wUts 
or  to  blue  light,  ^vin^  off  carbonic  anhydride  and  nitrogen,  and  leaving  •  Uadc  Mb- 
stauce,  mixed  with  a  email  quantity  of  the  tindecomposed  aalt  (LiebigV — 2.  It  ex- 
plodes much  more  violently  than  fulniinBting  mercury,  by  heat,  by  the  electric  spark, 
liy  friction  or  percussion,  or  by  contact  with  oU  of  vitriol.  A  heat  of  100°  to  130°  C 
i»  not  nuiSdetit  to  induce  the  explosion  of  dry  fulminating  silver ;  and  it  does  not  ex- 
plode by  more  pres-sure,  unless  the  pressure  be  Tory  strong,  lu  the  moist  state,  it  re- 
quires a  much  harder  blow  to  explode  it  than  when  dry,  but  it  will  sometimes  C9m]od^ 
even  onder  water,  by  friction  with  a  glass  rod.  It  explodes  with  pecoliar  rMoinMs 
when  rubbed  with  glass-dust  or  sharp  sand ;  also,  when  ory,  with  tJhe  edge  of  a  pT — ' — 
card.  It  may,  however,  be  rubbed  to  powder  in  a  porcelain  mortar  with  a  « 
with  the  finger  (Liebig).  When  well  washed,  and  then  exposed  to  the  son  till  it 
dry,  it  explodes  on  the  slightest  touch.  According  to  Schmidt  (Schw.  J.  zlL  72\ 
oil  of  ritnol  causes  moist  fiuminating  silver  to  detonate  as  strongly  as  the  dry  com- 
pound.    The  light  accompanying  the  explosion,  which  is  most  easily  seen  in  the  dirk. 


heat«d  in  a  tube,  yie-lding  2  vols,  carbonic  anhydride  to  1  vol.  nitrogen  (alao carbnaU 
of  ammonia,  if  moieture  is  present),  and  doubtless  leaves  paracyanide  of  nlviy, 
CNAg' ;  for  the  residue  mixed  with  csopric  oxide  mid  ignited  again  yidds  the  asw 
gaseous  mixture,  in  about  the  same  quantify  and  tlie  same  proportions  as  by  th»  fint 
Ignition  (Oay-Lnasae  amd  Liebig).     Therefore,  in  the  fiist  instance: 

0»N»Ag«O«  =  CNAg«  +  CO*  -^  N; 

afterwards,  when  ignited  with  cuprio  oxide: 

CNAg=  +  0'  -  Ag»  -h  C0»  +  N. 
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A.  mixtnre  of  1  pt.  fulminatiDg  dlTer  and  40  pt&  capric  oxide,  when  deated,  immedi* 
mtfly  givtm  off,  vitJiout  detonatioD,  the  whole  of  the  earbonic  anhydndo  and  mtragm 
g»M« in  iho  proportion  by  ToL  of  2  to  1.    (Gaj^Lusaac  aud  Lie bi^*.) 

a  FuhninatiBg  sflrer  thrown  into  a  bottle  filled  with  cUortne  explodM  btfkn  it 
tcachea  the  bottom,  and  therefore  does  not  borrt  the  bottle  (K  I  a  vy).  folminating 
ailTer.  well  moiBteood  with  water  and  exposed  to  a  cnrrcnt  of  chlorine  gao,  abaorba  a 
largo  qoantitj  of  the  gaa,  torn*  yellow,  and  is  finally  conrerted,  witlioat  any  formation 
of  carbonio  or  chloric  add,  i:it6  cliloride  of  silver  and  a  yellow  oil,  heavier  than  water, 
hafing  a  pungent  odoiir,  attackiog  th«  eyee  atrongly,  and  having  a  sharp  burning  tasta 
which  almoat  paralysea  the  tongUA.  If  the  mixtnre  b«  agitated  with  wat«r  and  dia> 
tilled,  gaa  is  given  off  before  the  water  begiiu  to  boil,  and  a  colourieu  oil  pafleee  over, 
Laving  a  Bomewhat  ieei  powerful  odour.  This  oil  givee  off  gaa  under  water,  is  in- 
solubU  in  aqneoufl  alkalis,  but  diseolvee  is  alcohol;  and  the  atoofaolie  aolob'on.  if 
mixed  first  with  potash,  then  with  a  ferric  salt,  and  then  with  an  acid,  exhibit*  a 
green  colour.  This  oil  ia  thereforo  related  to  ehlorooyanie  oil  (p.  282).  (Licbig, 
Pogg.  Ann.  XT.  664.) 

4.  JSitric  add  boiled  for  some  time  with  fulminating  diver  decomposos  it,  forming 
nitrate  of  ammonia  and  nitrat«  of  silver. 

6.  Dilute  sulphuric  or  oxalic  odd  decompoeea  fulminating  ailver  without  efferve^ 
c«ncfi.  forming  hydrocyanic  acid  and  ammonia.     (Qay-Lusoac  and  Liebig.) 

6.  Afineow  k^dnxhloric  acid  immediately  converta  all  the  sUver  of  fulminating  silver 
into  chloride  of  silver,  with  evolution  of  the  odour  of  hydrocyanic  add  (Descotils). 
By  a  comparatively  BToall  qoaotity  of  hydrochloric  acid,  the  Mminating  silver  is  con- 
vrtcd  into  chloride  and  acid  fulrainato  of  stiver,  CN'HAgO* ;  but  on  adding  hydro- 
;hlorio  acid  till  the  filtrate  is  no  longer  clouded  by  it,  the  acid  ftilminatc  is  converted 
into  chloride  of  silver,  hydrocyanic  acid,  and  a  p«rnliar  chlorinated  add  (ehlorkydro- 
^anie  add),  containmg  a  quantity  of  chlorine  which  appears  to  amount  to  2-5  timea 
u  much  ss  that  which  is  contained  in  the  chloride  of  silver  produced.  This  acid  tastee 
pungent  itnd  sweetish,  reddens  litmus  strongly,  and  does  not  precipitate  nitrate  of  silver. 
It  decomposes  when  exposed  to  the  air  f(>r  some  hours,  more  quickly  when  heated, 
3rielding  ammonia,  which  neutralises  the  utill  undecomposed  portion  of  the  acid. 
After  neutralisation  with  potash,  whereby  it  first  ecqiiires  a  rose-rod,  then  a  yellow 
OoldV,  or  after  it  has  been  saturated  with  nmmonia  by  spontaneous  decomposition,  it 
eoloan  ferric  salts  deep  red.  The  add  saturated  with  potash,  gives  off  ammonia  when 
evapomted,  and  lean-s  a  residue  which  efferveeoea  strongly  with  adds,  and  whose 
aqueous  solution  precipitates  nitrate  of  silver  (Gay-Lnssac  and  Liebig,  Ann.  Cb. 
Phys.  XXV.  286). 

7.  Aqueous  hfdriodic  add  decompoeee  f^dminating  gi]ver  in  a  similar  manner, 
yielding  iodide  of  silver  and  an  iodatcd  add,  analogous  to  the  chlorinated  add,  but 
forming  a  deep  rinl  prci'ipitate  with  sesqnichlarJde  of  iron,  without  being  first  neutra- 
lised; no  odour  of  hyflrocyanic  a4'id  is  perceptible  in  this  reaction  (Gay-Lusaac  and 
Liebig).    Hi/drofinoric  acid  does  not  decompose  fiiilminating  silver. 

8.  A  small  quantity  of  aqueous  sulphjfdrie  acid  decomposee  folmiDating  silver,  form- 
ing pulphide  of  silver  and  cyanic  add ;  a  larger  quantity  forms  sulphide  of  silver  and 
h^irosulphocyanic  acid : 

CTIPAg'O'  +  H>S  =  2CNH0  +  Ag»8 ; 

C^»Ag^«  +  3H*S  =  2CNHS  +  Ag«8  +  2H«0. 

9.  Aqueous  solutions  of  edkaUne  tulphidM,  e,  g,  {wotosulphide  of  bariom.  acting 
in  insumdent  quantity,  deeompone  cyanide  of  silver,  yielding  a  fulminate  of  silver  and 
the  alkali- metttl,  and  sulphide  of  silver  (Liebig)  : 

aCN'Ag'O'  +  Ba«8  -  2CN»AgBaO«  +  Ag^. 

With  a  lareer  proportion  of  the  metallic  sulphide,  sn  alkaline  fhlminate  (CN^'C^ 
appears  to  be  formed  at  ordinary  temperatare«i,  and,  with  the  aid  of  heat,  a  compound 
of  the  alkali  with  a  sulphuretted  acid  different  from  hydroeulphocjanic  acid. 

10.  Aqaeooa  solatioos  of  the  jSxM^  o/jto/ij,  as  also  ««i^iw»u7,  boiled  with  fidminating 
sHver,  gradually  separate  cot  quite  half  the  silver  in  the  form  of  a  black  oxide,  %  eola- 
tion of  fulminate  of  silver  and  potaBsiom,  sodium,  barium,  stn>ntium,  caldom,  or  ma^ 
nesinm  being  formed  at  the  same  time  (Gay-Lussac  and  Liobig): 

2CTs'^Ag'0'  +  2IvH0  -  2C»N'AgK0»  +  Ag«0  +  H*0. 

11.  Aqueous  solutions  of  the  alftaline  chlorides,  even  when  added  in  excess,  predpi* 
tate  only  half  the  silver  in  the  form  of  chloride,  und  form  fulminate  of  silver  tod 
potassium,  &C.  (Gaj-Lussac  and  Liebig): 

C*N'Ag«0'  +  KCl  -  (TN'AgKO*  +  Aga 
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At  the  boiling  lif^t,  alk&line  chlorides  and  iodides  oonvart  falmizuc  icid  into  fialim* 
nimc  scid.     (Liebig,  Schischkoff ;  see  p.  738.) 

IS..  Copptr  or  mereurj/,  bailed  withfulminatiDg  eilvor  and  water,  alttmatdj  wpantci 
all  tile  ailTer  in  the  metallic  «tat«,  fonaini;  fttlminate  of  copper  or  fulmloate  of  racrrary 
(LieTjig).  When  the  boiling  with  mercury  is  continuwi  for  a  abort  tiiD«  onlj,  ftil- 
minate  of  silver  and  mtTcnry  ia  formed.  Ztnc,  eyen  when  boiled  for  B«Tcral  dajB  with 
ftdmiaatinp  silver,  BOparat<«  only  half  the  silTer,  bo  tljat  fulminate  of  sflveT  and  liac  if 
formed.  When  fulmiuate  of  silTer  is  boiled  with  water  and  iron  /lings,  a  red>brovn 
filtrate  is  obtainpd,  which,  when  evaporated,  yielda  reddish  laminated  crratals  of  Mai- 
uatcofiron.     (Liebig). 

FulmiiMtf  of  Sihvr  and  Ammonium.     CN'Ag(NH*)0'. — ^From  a  solntion  at  I 
aate  of  silver  iu  hot  aqueous  aramonia,  this  salt  erystaliises  on  cooling  ii 
shining,  crystalline  gniinn,  hariztg  a  pnngent  metallic  tairte,  while  arg<>ntat«  of  i 
rrmoina  in  solution.     It  detonates  with  three  times  the  force  of  fulminating  silTer,| 
with  exfremp  ftwility,  evt>n  under  the  liquid,  when  touched  with  a  glass  rod  ;  if, 
ever,  the  liquid  cont*in8  excess  of  ammoniii,  the  explosion  does  not  extend  t " 
tlio  mass.    It  is  Teiy  tparingly  soluble  in  water.    (L  i  e  b  i  g.) 

Fulminate  of  Silver  and  Barium,—  Dingy  whit*  crystalline  grainsi,  irfkidi  i 
with  violence^  dissolve  sparingly  in  wat^r,  and  are  decomposed  by  hydrochloric  add. 
Zinc  immersed  in  the  boiling  aqueous  solution  throws  down  silver;' the  filtrate  depositi 
on  evaporation  a  yellow  powder,  which  between  160°  and  160°  C.  bums  away  withoot 
detonation,  like  cyanate  of  eilvor,  tearing  carbonate  of  barium  mixed  with  ziac,  sad 
when  treated  with  hydrochloric  arid,  yields  sal-ammoniac  with  cAervcsoeuoc^  sad 
cannot  therefore  be  a  fulminate.  (Li  e  b i  g. ) 

Fulminate  ofSUwr  and  Caleium. — Small  yellow  crystalline  grains,  of  high  ipedfie 
gravity,  and  dissolving  readily  even  in  cold  wuter.    (Liebig.) 

Fulminate  of  Silver  and  Hydrogen,  or  Aeid  Fulminate  of  Siivrr,  CN'AgHO*.— 
Precipitated  in  the  form  of  a  white  powder,  on  mixing  the  aqueous  solution  of  fidmisats 
of  silver  and  potassium  with  nitric  acid  not  in  excess : 

C»N»AgKO*   +   HNO»  =  CN'AgHO*  +   KlfO: 

This  salt  dissolves  rt^adily  in  boiling  water,  crystallising  out  on  cooling;  reddens  Utam 
By_  boiliog  with  silver-oxide,  it  is  converted  into  neutral  fulminate  of  silver,  and  hf 
boiling  with  mercuric  oxide,  bto  fulminate  of  silver  and  mercury.  (Liebig,  Ann.  Ck 
Phj-s.  xxiv.  302.) 

Fulminatt  of  Siiocr  and  Magnaiiim. —  a.  Bom— Obtained  by  boiling  fnlmiiuliae 
silver  with  magnesia  and  WRter.  Rose-coloured  powder,  insoluble  in  watei;  wkici 
Dien^ly  decrepitates  when  heat(*d,  giving  off  carlmnic  acid  and  ammonia,  and  iMTmga 
ruoitlue  of  magnesia  and  silver.— 4.  Neutral. — White,  thread-like  Gxystads,  naaabhag 
capillary  native  silver,  and  detonating  strongly.    (Liebig.) 

Fulminate  of  Siltrr  and  Mercury,  or  Argento-mercurie  Fuiminat*. —  Fanned  \f 
boiling  folminate  of  silver  and  hydrogen  with  mercuric  oxide  and  water,  or  by  boilillg 
fulminating  stiver  for  not  too  long  a  time  with  mercury  and  water.  From  the  filtnte 
the  compound  orystallises  in  araaJl  shining  needles.  (Lie big.) 

Fvlmmate  of  Silvor  and  Potassium,  C^N*AgKO».-  300  pti».  (1  at)  folminating  silTOr 
are  decomposed  by  not  quite  7 ^'6  pta,  (1  at.)  chloride  of  potassium  dissolved  in  water ; 
or  water  in  which  fulminating  silver  is  suspended  is  kept  in  a  state  of  ebnllition,  tnd 
aqn eons  chloride  of  potassium  added  as  loop;  as  it  occasions  turbidity,  but  no  longer; 
the  liquid  is  then  decanted  from  the  chloride  of  silver,  and  cooled  tUl  it  oyBtillisw. 
If  it  be  Altered  instead  of  being  decanted,  a  brownish  liquid  is  obtained  which  yiilili 
brownish  crystals ;  but  if  it  be  boiled  for  some  time  after  dilution  with  water,  it  losH 
its  colour,  deposits  black  flakes,  and  when  decanted  from  thfse,  yields  eokmricai 
rrystals.  The  compound  is  obtained  less  pure  by  boiling  fulminating  aitrer  wift 
aqneous  potash,  and  decanting  from  the  precipitated  oxide  of  biItbt. 

It  forms  white,  shining,  aomewh&t  elongated  lamina,  which  have  a  repulsive  metsHif 
tMste,  and  da  not  blue  reddened  litmus  paper ;  detonates  very  easily  and  with  gr»t 
violence.  It  diasolvea  in  8  pts.  of  boiling,  and  in  a  larger  quantity  of  cold  w«t«. 
Kitric  acid  added,  not  in  excess,  to  the  aqueous  solution,  throws  down  a  white  povdar, 
consisting  of  fulminate  of  silver  and  hydrogen.  Hydrochloric  acid  added  to  toe  soh- 
non  mixed  with  potash,  throws  down  a  precipitate,  which  continues  to  redissoh*  in 
the  liquid  tiU  all  the  potassium  is  converted  into  chloride ;  any  ftirther  quantity  of  the 
acid  throws  down  chloride  of  silver,  with  simultaneous  formation  of  hydrocyanic  aa^ 
curbonic  acid,  and  sul-ammoniac.  Chloride  of  potassium  does  not  decompose  l|" 
salt.  Copper  immersed  in  the  aqueous  fiolution,  throws  down  all  the  silver  by  fbi  ^ 
fulminate  of  copper  and  potassium.  The  solution  does  not  precipitate 
sulphate,  or  yield  prussian  blue  on  subsequent  addition  of  DTdzodiloR* 
(Liebig.) 
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Fulminate  of  Silirer  and  Sodium,  prepared  hj  a  guniUr  procen,  forms  small,  n«d* 
brown,  metal-Bliiaiiifr  laminse,  more  Holuble  in  water  than  the  potaanam-saltl  bat 
othorwiao  cjchibiling  BimiJar  fractions.    (Liebig.) 

Ffihiiinatf  of  Sifvfr  and  Strtmtium. — Diiipy  while  crystjdliDe  gruios,  which  detonata 
wntb  riolence,  and  are  sparingly  soluble  in  wuter.     (LiebiK.) 

t^tminutr  of  Silvrr  ami  Zme, — By  boiling  fulminutitkg  silver  with  ainc  and  wat«r— 
whfrvby  only  half  tlie  tsilrer  is  precipitated,  oven  after  long. continued  ebullition — and 
evHporating  the  yt'llow  fllrj-al*',  yeUow  detonating  crystals  are  obtained,  together  with 
a  ypllow  non-<letonating  powder.     (Liebig.) 

mimlnateB  of  Zinc  The  neutral  salt,  also  called  fulminating  tine,  wna  fint 
obtaintHj  by  Liebig,  who  showed  that  when  zinc  ia  boiled  with  falminating  mercury  and 
wat«r,  mercury  ia  eeparated,  and  a  yellow  liquid  produceii,  which,  on  cooling,  depo«ita 
yellowinb.  «lightly  detonating ciystala ;  and  wua  more  particularly  eaamined by  E.  Davy 
(Dublin  Soc  Tran-nct.  1829).  To  prepare  it,  1  pt,  of  fulmioating  meaeofy  i»  placed 
under  water  in  contact  with  2  pts.  of  ainc  filings,  and  the  whole  frequently  aliakin.  till 
all  the  mercury  is  precipitated  and  an  amalgam  formttd,  after  which  the  lUtnit^  is 
left  to  evaporate  spontaneously. 

The  salt  forma  trannpareot,  colourlcsa,  rhombic  tablfa,  which  are  tastelesd,  detoiuilo 
Xi'Vy  Btmnply  at  195'^  C.  or  by  j>preujwion.  or  by  confuet  with  oil  of  vitriol, —  are  uuto- 
Inblc  in  wutor,  but  dissolve  in  aqueoot  alkalis.  Xf  the  fiUrate  be  evaporated,  not  in 
the  Cold,  but  at  a  gentle  heal,  there  remains  a  de<*n  yellow  crust,  together  with  yellow 
needli'a,  wt'ieh  do  not  detonate  by  contact  with  sulphuric  acid,  but  when  heated.  d<'to- 
nat«  as  readily,  but  not  no  violently,  as  the  fintt-mentioned  crystals  ;  this  latter  pn)duct 
ia  insoluble  in  cold  water  ami  aloohol,  but  dissolves  snaringly  in  boiling  water  and 
very  readily  in  ammonia. — An  aqueouii  solution  of  itdminate  of  ainc  poured  into  a 
bottle  ilUefl  with  chlorine  gas  yields  a  volatile,  strongly  smelling  oil,  which  has  a 
sweet  and  bitter  taste,  does  not  detonate,  is  iosoJuble  in  water,  and  reddens  litmus 
after  some  time  only. 

Fuiminatt  of  Zinc  and  Hi^drogrn,  or  Add  Ftdminate  of  Zinc. — Theuqueoos  &olutiou 
of  fulminating  sine,  recently  prepared  by  the  action  of  zinc  on  fulminating  mercury,  is 
precipitated  by  exce«e  of  baryta-wat^r,  which  separates  a  lar^e  quantity  of  oxid.'  of 
«nc ;  the  excess  of  baryta  is  rvmonred  by  a  streum  of  carboni*^  acid ;  the  filtmte,  which 
contains  fiilminate  of  zinc  and  barium,  and  throws  down  fulminate  of  silver  from  a 
«olutioQ  o!  the  nitrati',  is  treated  with  the  exact  quantity  of  sulphuric  acid  required  to 
remove  (he  barium  ;  and  the  liquid  is  filtered.  The  filtn:te  contains  a  large  quantity  of 
cine.    (Fehling,  Aiul  CL  Pharm.  xxvii.  130.) 

The  reaction  is  as  follows  : 

C^N»Hg''0>  +  Zn  -  CN  Zn''0»  +  Hg; 


P^floaUy: 


2C»N'Zn-'0^  +  Ba"0  -  C'N'Zn-Ba'O*  ^  Zn^O; 
C«N'Zu''Ba''0*  +  H'SO*  =  CK^Zn-H^O'  +  Ba'SO*. 


The  solution  has  a  powerful  odour,  like  that  of  hydrocyanic  acid  ;  tastes  agreeably 
aweet  at  first,  but  aftvrwurds  pungent  and  a.itrin^tint.  When  kept  in  a  Iwttle,  it 
gradxudly  loaea  its  odour,  becomes  yellow,  and  dejiosits  a  vellow  powder,  but  still  forms 
an  exploeive  yellow  precipitate  with  nitrate  of  silver.     (E.  Davy.) 

By  saturating  the  jmlmion  with  different  bases,  the  double  salt*  of  fulminating:  isinc 
are  obtained,  in  which  the  hydrogfu  ia  replared  by  tin  equivalent  qiumtity  of  aii>>tlier 
metal  or  of  ummoiiium  [they  were  regarded  by  Davy  as  pure  fulminates].  Tliese 
salts  detonate,  according  to  Davy,  between  176^  and  230*^  C, ;  most  of  them  are 
•ohible  in  water,  and  have  a  sweetish  rough  taste ;  their  solutious  precipitate  nitrate 
of  silver. 

Aluminium-tait.—'Yt^aw,  indistinctly  crystalline,  neutnd.  slightly  cletonating,  easily 
soluble, 

Ammonium-^alt.  The  solution  evaporated  to  a  syrup,  solidifies  in  the  crystnltine 
form.  The  salt  baa  an  alkaline  reaction,  deflagrates  with  a  yellow  flame  when  hiat«:d, 
and  on  exposure  to  the  air,  becomes  moist,  but  does  not  decompose. 

Banum-'talt. — Cr>«iliillia«»  Irum  the  B.VTiipy  solution  in  flat,  trunsparent,  foUT'sided 
prisms,  which  are  alkaline,  explode  like  the  [>ota.«sium-i»alt,  turn  yellow  when  expoMd  i 
Co  the  air,  and  atv  suluble  in  akx>iiol.     (K.  Davy. ) 

Cadmium'sah, — White  opaque  necdlen.  which  »lowly  turn  yellow  on  exposure  to  tb#  j 
iiir,  more  quickly  when  heat«*d,  are  very  explosive,  spjringly  »Mjlulile  in  water.  j 

C(tlriHm-*aJt. — Very  5raall,  iilkaline.  (k't«nating  crystats'  whidi  turn  yellow  whe« 
heated,  bn-ome  moist  wht-n  exposed  tu  llw  air,  and  aru  Bpariiiply  soluble  in  water. 

Chromic-salt,— 'UmAW,  yellow-green,  ilLtoiwtiog  crystals,  e^usily  sulublo  in  wiitvr 
\'uu  II,  :t  B 
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Cobalt-talL—DelicHte  yeUow  needles,  detonating,  i^wringly  soluble  in  eAi, 
Bolnble  iu  boiling  water. 

Gold-tall.— Oht>i'm<^  by  precipitating  a  solution  of  ftdmiiiate  of  nne  andbarim 
with  A  dilufe  oolutionof  chloride  of  gold  Brown  ezplosi  re  powder,  Bcrfnble  in  ammooiat 
hydrochloric  arid,  and  strong  sulphnrie  add.  The  solntion  in  aidphnrie  acid  yields 
when  dihited  with  water,  a  dark  pnrple  precipitate ;  and  the  liqnia  filtered  therefireai 
yields,  by  evaporation,  besides  a  aepoeit  of  metallic  gold,  hexagonal  prianM^  which  an 
explonire.  insM^Inble  in  water  and  in  hydrochloric  acid,  butsolnUe  in  nitrcHhydrodilorie 
a<'iil. 

Ltad-talt. — Wliite  crystalline  powder. 

Jfoffnesium-talL—Lonp,  flat,  fonr-sided  prisms,  which  are  opaque;  neutial;  esidode 
by  heat  or  percussion,  but  not  by  contact  with  oil  of  vitriol ;  and  diasolre  readily  ia 
water  and  in  alcohol. 

Mangant»c-adt. — Viscous,  very  explosive  maas. 

yickcl'Salt.  —  YvWov,  or  yellowish  green  crust,  very  e^losive,  slightly  aolnble  it 
water. 

Pattadium-sali. — Brown  explosive  precipitate,  insoluble  in  water. 

Plaiinvm-aalt. — Obtained  by  decomporing  fulminate  of  ainc  and  barium  with  snl- 

f>hate  of  platinum.     Brown  precipitate  which  explodes  without  detonation :  thefilteivd 
iquid  yields,  by  evaporation,  small  yellowish    brown  prisms  which   detonate  reiy 
strongly. 

Potaaeivvi-salt. — Transparent,  colourless,  rhombic  prisma,  whidi  have  an  alkaline  rp 
action,  and  a  sweetish  roa^rh  taste;  explode  violently  with  a  pale  red  flame,  by  hrat. 
percussion,  or  contact  with  oil  of  vitriol ;  deliqueace  in  the  air;  but  are  insoluble  io 
alcohol.     (E.  Davy.) 

Sodium-salt. — Efflorescent,  oblique  rhombic  pri&ms  with  dihedral  summits.  Deto- 
nates like  the  potassium -suit. 

Slrontium-Mlt. — Small,  transparent  needles. 

ruUttZmc  ACZB.    See  FuLViHATES  (p.  730). 

itTLMZZrnxzc  acxs.  C'H'N'O*.  Isoeyanurie  aeid. — An  acid  isomeric  with 
cyanuric  acid,  which  appears  to  have  been  discovered,  independently  and  aboat  tlie 
same  time  (1865),  byLiebig  (Ann.  Ch.  Pharm.  xcv.  282),  and  by  Schischkoff 
(Petersb.  Acad.  Bull  xiv.  98  ;  Ann.  Ch.  Pharm.  xcvii  63).  It  is  produced  by  the  ac- 
tion of  alkaline  chlorides  or  io<lides  at  the  boiling  heat  on  fulminating  mercmr,  3  at 
fulminic  acid  (containing  2  at.  carbon),  being  converted  into  2  at.  fulminuric  arid,  •(• 
cording  to  Liebig:  3C*N^H»0'  =  2C»N''H»0*;  or  according  to  Schischkofl^  1  atfahninie 
acid  (containing  4  at  carbon)  being  resolved  into  1  at  fulminuric  and  1.  at  cyanie 
acid: 

C<N<H«0«  =  C»N»H»0«  +  CNHO. 

Schischkoff  originally  reganlod  fulminnric  acid  as  a  compound  of  1  at  cyanic  sod 
and  I  at  nitracetonitrile  ^  CNHO.NC»(NO»)H» :  subsequently  (Compt  r«nd.  IL  Wi 

fC(NO«)H-0 
he  has  expressed  its  composition  by  the  formula  NkQt 

Preparation. — 1.  Of  ih''  Ammonium-salt. — ^Well  washed  fulminating  mereuiy  (60-71 
grms.)  is  mixed  in  a  iihu^  flank  with  700  to  800  cub.  cent  of  water,  60  cub.  cent  d 
a  cold-saturated  solution  of  sal-ammoniac  then  added,  and  the  whole  heated  to  tbe 
boiling  point.  In  a  few  minutes,  a  yellow  crystalline  powder  begins  to  separate.  Am 
soon  as  the  deposition  of  this  precipitate  has  ceased,  the  vessel  ia  removed  fim 
the  sand-bath,  and  caustic  ammonia  added  as  long  as  a  white  precipitate  is  formed, 
after  which  the  liquid  is  immediately  filtered  and  evaporated  to  the  ciystalJiiiw 
point.  The  yellow  crystals  thus  obtained  are  washwl  %rith  water,  and  atterwaids 
with  alcohol,  then  dissolved  in  hot  water,  and  the  solution  decolorised  by  weIl•wa•!l^i 
lilood-charcoal,  or  bone-charcoal.  The  filtrate  on  cooling  yields  dazzling  white 
crystals  of  great  beauty.     (Li«b  ig.) 

*2.  0/  the  Potassium-salt.  —Liebig  prepares  this  salt  iu  the  same  manner  as  the  ao- 
mouinm-salt    Schischkoffs  mode  of  preparation  is  as  follows : 

2  pts.  of  moist  fulminating  mercury  are  adde<l  by  small  portions,  and  with  constiot 
stin-ing,  to  a  nearly  saturated  and  gently  boiling  solution  of  1  pt  chloride  of  potattinm, 
the  ebullition  bring  continued  till  no  more  fulminating  mercury  remains  at  the  bottom. 
The  liquid,  which  has  a  yellow  colour,  arising  from  the  formation  of  a  precipitate 
nf  indefinite  constitution,  is  then  filtered  hot,  in  order  that  the  princif«l  product,  a 
eomjiound  of  fulminurate  of  potassium  with  mercuric  oxide,  which  is  a  ciudy  substaiK*, 
sparingly  soluble  in  cold  water,  may  not  be  deposited  during  the  filtration ;  and  tht 
yellow  precipitate  on  the  filter  is  washed  with  hot  water.  The  filtrate,  on  cooling,  depoeiti 
the  euray  compound  of  mercuric  oxide  and  fulminurate  of  potassium,  a  farther qoanti^ 
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of  vlueh  may  be  obtained  bj  concentrating  and  cooling  the  molher-liquor  and  the  wuh- 
vmter.  The  portiona  which  separate  out  in  the  Hocond  and  third  cooling!*  are  con< 
taminated  witn  the  yellow  |>recipitate,  but  may  be  puriflcd  by  eolation  in  boiling  water. 
Ultimatdj  a  mother^liqnor  is  obtained,  containing  an  exceas  of  rhUmilc  of  pntawiuni 
and  a  considerable  quantity  of  mercuric  chloride.  To  obtain  the  fulminarati>  o(  ]iotun- 
nun  ftom  the  cordy  componnd,  water  is  ponred  upon  the  latter,  and  sulpiiydric  acid  giut 
puaed  through  the  liquid,  whi-reuiwn  sulphide  of  mepeur>-  sopamtes,  togtthiTwith  i-rj-H- 
tals  of  the  potaesiam'Salt ;  and  to  obtain  the  latter,  the  i-ntirv  liquid  is  heated,  fllterud 
hot,  and  left  to  crystallise.  On  cooling,  it  dcpositij  shining  coIourli'W)  crystals  of  the  ])Ota<i« 
num-sult,  a  farther  quantity  of  which  may  be  obtained  by  repoatcdiy  evupf>nitin^  and 
eooling  the  mother-liquor.  In  this  manner.  1  fiO  pts.  of  fulminating  mercurj'  yield  2U  pts. 
of  fulminarate  of  potassium  (Schischkoff).  Liebig  makes  no  mention  of  the  cunly 
compound  of  mercuric  oxide  and  fulminurate  of  potansium.  T!ie  n-ason  of  SfhiiiL-hkotra 
hanng  obtained  it,  is  probably  that  he  usc<l  a  saturated  solution  of  chloride  of  ]v>tas- 
nani,  whereas  Liebig  used  a  dilute  solution.  Liebig's  met  hud  is  eri<leutly  tlie  eaxier  of 
thetwa 

From  the  potassium-  or  ammonium-salt,  the  lend  or  nilrer-salt  may  be  prepared  ^r 
double  decomposition,  and  the  free  aoiil  may  thm  be  ol-t:iined  by  decomjtosing  the 
lead-salt  with  sulphydric,  or  the  silrer-siilt  with  hydrochloric  arid. 

Properties. — ^The  aqueous  solution  of  the  acid  left  to  evaporate  in  a  warm  place,  su- 
lidiflos  to  a  compact,  yellowish,  indistinctly  crvstalline  mass  (Lii>big;  Schischkoft*). 
Fkom  a  saturated  alcoholic  solution,  the  acid  senarntcs,  according  to  8cliischk«)ft;  in 
mudl  colourless  prisma ;  Liebig,  on  the  otiier  hand,  did  not  obtain  crystals  from  the 
alcoholic  solution.  The  crystals  arc  anhydrous,  and  permanent  in  the  air  (Schisch- 
koff). The  solution  has  an  acid  reaction,  and  a  veiy  sour  taate.  It  dissolriis  vi-ry 
faaily  in  water ;  the  solution  in  a  small  ouantity  of  water  forms  a  syrap.  and  may  b<* 
eraporated  without  decomposition  (Lie big).  The  acid  is  soluble  in  boiling  alcohol 
^Ljebig);  in  alcohol  and  in  ether  (^Schischkoff). 

Decompositions.—  1.  The  acid  and  its  salts  exploiie  when  heated,  the  diromposition 
of  the  acid  taking  place  at  160°  C.  (Schischkoff);  thn  acid  detonates  slightly  wh<*ii 
heated  (Liebig). — 2.  The  aqueous  solution  of  the  acid  is  docninj'OiH'd  by  l^iliilg  with 
wuneral  aeids,  a  salt  of  ammonia  b<.>ing  formed,  carbonic  nnliydri«li'  i-roh-i>d,  and  a 
brown  substance  produced,  which  has  not  l)een  further  examiued'(Liebig).  Sulphuric 
add  decomposes  the  salt»  of  ftalminuric  acid  without  blackening,  forming  sulphate  of 
ammonia,  and  eliminating  a  mixture  of  carbonic  anhydride  and  carbonic  oxide.  Weak 
kgdrocUoric  acid  has  scarcely  any  action  on  the  fulminurates ;  but  the  stri'tii;  acid  de- 
eomposes  them,  with  formation  of  ammonia  and  evolution  of  carlHUiic  anhydride.  On 
■atorating  the  excess  of  h^-drochloric  acid  with  an  alkali,  and  addin;;  acalt-iuin  or  barium 
■alt,  a  white  precipitate  is  formed;  but  if  the  action  of  the  liydriH-hlirie  acid  has  b«>t>n 
kmg  continue^  and  the  liquid  has  been  afterwards  eva]X)r:iti-«l  to  dr}-ni>sR,  no  sneli  ]in>- 
ripitation  takes  place. — 3.  Kitrotis  acid  iKi-4.<sed  tlin^ugh  a  solution  of  fuliniuiiric  aciil, 
docomposes  it,  with  evolution  of  gas  (carlxmic  anhydride),  and  forms  an  a«.-id  which 
does  not  precipitate  calcium-salts,  but  yit-Ms  with  nitrate  of  !«ilv«'r  an  insoluble  salt 
esntaining  nitrogen. — i.  Caaatic  potash  heated  with  fnlniinuris  acid  or  its  salts. 
glTes  off  a  large  quantity  of  ammonia,  and  forms  carlNinate  of  {H>tassium  ;  and  tlii>  solu- 
tion,  when  neutralisjed  by  an  acid,  forms  no  precipitate  with  chloride  of  calcium  or  ni- 
teate  of  silver.— 6.  Cau.'*tic  baryta,  heatetl  witli  fiilininuric  acid  or  its  saltn,  dt'com- 
poaes  them,  with  i-volution  of  ammonia  and  fonnatiiniof  awliite  precipitate  ci>ntaining 
earbonate  of  barium-  This  precipitate  dis.solves  in  hvilrochloric  or  nitric  acid  ;  aiul 
after  the  excess  of  acid  has  l>een  neutrali'<ed  hy  anunonia,  a  precipitate  is  fornuKl,  yw- 
faably  identical  with  that  wliich  is  produced  on  adding  n  liariuin  salt  to  fii1iiiii)iiric 
acid  which  Iws  been  decomposed  by  hydrochloric  acid  (Schisrhkoff). — Svlphtfilric 
add  and  sulphide  of  potassium  have  no  action  on  fulminurates,  oven  at  the  boiliiis  heat. 

Vnlmlnnratea*  Fulminuric  acid  appears  to  be  monobasic ;  at  all  cvi-nts,  all  the 
flilminurates  hitherto  obtained  contain  only  1  at.  metal  in  place  oili\dp->L'«n. 

Fulminurate  of  a  III  moniuiii^  C*N'H''(Nn')0*.— The  prei>arati("n  ..tt!ii<  suit  la-* 
already  been  described.  It  fomib  monoolini- cry.stals  ixomorplums  witli  tin-  joln-'iinn- 
salt,  and  having  rt  :  b  :  c  =  1  :  r8206  :  2'40ir).  Au|;le  of  im-liiml  axi'<«  -  7!''^  li'. 
The  crystals  are  prismatically  elongated  in  the  direction  of  thv  ortlir>di:iu<'ii  il,  ami  :iiv 
bevelled  at  the  ends  by  the  faces  -P.  Inclination  of  oP:  -»- Px,  -  IJo"  (]';  oP  : 
—Poo  =  133"  68';  — P  :  — P  in  the  clinodiapi»nal  priuciptd  Ktrtiuri  -  71'  4'2' 
(Kammelsberg,  Jahresber.  f.  Cliem.  l.S.*i7.  p.  281}).  Tin-  crystals  j..'M'<i>-s 
great  refractive  and  disi^rsive  power,  and  fxhibit  duuMe  n-fraction  iLifhi:'. 
Kood).  Dispersive  power  =  ()-lH()(J  ni-.nrly.  Kor  a  p«T]>vniliru!!iply  iiM'id«'Jit  r.i\. 
the  angle  of  refraction  of  the  extnionlinary  my -=  4°  2*/.  The  ai-iitc  aiijilfs  ot'  flu* 
nystals  exhibit  p^i^matic  colours,  in  conM-qu^nce  of  their  liijrh  di!<|M'Psi\e  pom-r. 
They  also  exhibit  a  splendid  scarlet  colonr.  arising  from  the  yuiierjK»Mtion  ol"tlie  ci>!«»un>d 
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imugtw  of  flip  onliiiiivy  :iiiil  pxlrarnliiiary  rayn.  the  violet  of  tlie  first  fallijig  tm  the 
n-il  of  til'-  Hpcoiul;  tin-  Kountv  of  t)ic  red  in  uionitver  heightened  Ly  the  neutnlintion 
of  the  yellow  (Roo.l,  Ann.  "Oli.  IMuirm.  x«*v.  291).  The  cn-stais  are  auhydrom: 
'«vhfi>  lirati'd,  they  ftise,  M^ckoL,  nnd  givt;  off  hydrooyanic  acid,  ammonia,  and  after* 
vHnld  hydnitfid  cyanic  uoid,  wliioli,  combining  with  the  ammonia,  fonna  in  the  nppiT 
part  of  tho  tu1ii>,  n  solid  (-r>-stallino  mass  of  urea  (Liebig).  The  salt  anatains  s  Leat 
of  loO'-'  C.  u  itiioiit  ulU'rutioD.  but  above  that  tempeiutare  it  exploded  like  the  other 
fulrnintinitfs  (Scliisirhkoff).  It  disifolvcs  sparingly  in  cold,  readily  in  hot  water; 
in  iiK-iolu'ijltf  in  alcohol  and  other.    (Lie big.) 

Fulinivnratr  of  nuritim,  U*N''lI*lJ<i''0»  +  2aq.— Obtiuned  by  double  di-ompo- 
Mtion  in  the  form  of  a  crystalline  pulp  composed  of  short,  thin,  white  needles,  wltirfa 
dissolve  coinplftely  in  a  very  Lirpe  quantity  of  hot  water,  and  separate  on  cooling  in 
hard  isolated  crystul.-*.  which  are  colourless  and  transparent,  and  often  take  the  form  of 
rhombic  prisms,  terminatod  by  »  niacrtxliagnual  dome  (Liebig).  According  to  Bam* 
nielsberg,  the  salt  forms  nv-uoclinic  cr\-stal8,  exhibiting  the  faces  odP,  +P«,  — P«, 
oP,  [poo  ],  and  pri!>mHtically  elongated  in  the  direction  of  the  principal  axis.  Batio 
of  axes  a  :  6  :  e  =  1  :  2032  :  2-348.  Angle  of  inclined  axes  =  72°  27';  osP:  xP  in 
the  clinodiagonal  principal  secti<>n  =  54°  36';  oP  :  obP  =  97°  67' ;  oP  :  -r  Pao  =  120=>  Sff; 
oP  :  -Pao  =  140°  46';  oP  :  [Poo  ]  -:  114<'0'.  The  crystals  refract  doubly,  but  in  a 
much  less  degree  than  the  ammonium  ai:l  potassium-salts,  the  angle  of  refraction  of  tJw 
extmonlinary  ray  for  perpi.-ndicular  incidence  being  only  1*^  9'  (Rood).  Between  15<H 
and  180^0.  they  give  off  8-.52  per  cent.  (1  at)  water,  and  become  opaqae;  at  a 
higher  temperature,  they  deconjposc  like  the  jMitassium-s^L    (Liebig.) 

Fulinivuratr.  of  Calcium  is  soluble  in  water  and  in  alcohoL    (Liebig.) 

Fuhn  in  tirate  of  CupperhAs  not  been  prepared.  An  ammoniocnpric  fii/ntifvra'f, 
iyil'XyS'lVCu'O;  m  fwmhntnttr  of  autiiuxuprammonium,  C>N*U'tN-H'<NH<:' 
Cu"]"0'.  is  nbtaiiKtd  by  mixing  fulTiiiuuric  acid  with  a  sidution  of  li  CMp^<er-siilt  in 
excess  of  ammonia  and  healing  the  liquid  to  boiling.  The  liquid,  as  il  cutiic,  de(it'(•it^ 
the  halt  in  brauliful.  shining,  dark  blue  prisms,  which  uiiderg*i  no  change  in  the  air 
at  ordinary  teniper.ituros,  «,r  even  at  loO^'  I'.,  but  are  decomi.)0:*e<l.  with  explosion, « 
biRlier  tcTniK'nitures.  It  is  nearly  insoluble  in  water,  and  very  sparingly  siilnUe  in 
ammonia,  su  that  very  small  quantities  of  fulminuric  acid  may  be  separated  in  thii 
form.     (Sch  ischkof  f.) 

Fu/juin  urate  of  Ethyf. — "When  fulminurateof  potaasium  is  immersed  in  alcohol, 
and  hydnx-hloric  acid  g:us  passed  through  the  liquid,  chloride  of  potassiom  is  fonaed. 
together  with  fulminuric  ether ;  as  soon  as  the  reaction  is  complete,  the  stream  of  gas 
must  be  discontinued,  because  an  excess  of  hydrochloric  acid  decomposes  the  ether, 
with  formation  of  a  crj'.stalline  bo<ly.  After  the  excess  of  alcohol  and  the  chloride  vi 
ethyl  formed  at  the  same  time  have  been  di><tilled  off,  and  a  sufficient  quantity  of 
water  has  been  added  to  the  solution  of  chloride  of  potaMium,  the  fulminuric  rthrt 
separates  in  the  form  of  an  aromatic  liquid ;  the  portion  which  remains  dis«olved  mfcj 
be  separated  by  agitating  the  waterj'  liquid  with  common  ether.  Puluiinuric  ether  ii 
decompcsed  by  alcoholic  iK-tash.  even  iit  onlinary  tem^ieratures.  with  formation  of 
fiilminurate  of  potassium :  it  cannot  be  dihtiiled  \nthout  decomposition.  Its  alcabolif 
solution  mixed  with  phenylamine  deposit",  after  a  few  days,  colourless,  silky  pri-nutie 
crystals,  which  melt  and  turn  brown  at  1  «)0°  C,  luid  perhaiMJ  consist  of  the  phenylamide 
of  fulminuric  acid.     (Schisch koff ) 

Fill  711  in  urate  of  Iron  (firrosui,'),  separates  in  beautiful,  pale  green  orstab  oo 
heating  a  fulminurate  M'ith  ferrous  acetate.     (i>chischkoff.) 

Ftilmiriuratc  of  LfftJ. — Neutral  h-adsnlts  are  not  precipitated  by  the  alksJioc 
fulminurates.  A  fiagic  lead-salt,  PI^O-C^N^lPPirO*.  is  obtained  on  adding  bwie 
acetate  of  lead  to  a  solution  of  the  fulminurate  of  an  alkali-metal,  as  a  white  cnstai- 
line  precipitate,  which  dissolves  in  boiling  water  and  s>'parates  in  hanl  yelloin*3 
crj'stals  on  cooling.  When  decomposed  by  sulphydric  aci-l,  il  yields  fulminuric  at-'J. 
(Liebie.) 

The  Jul luinuratrs  of  Lithiitm  and  Maff}i<si'iiiii  are  soluble  in  water  and  in  tiliohH. 
Fulminurateof  Ml  rciirtf.— The  aci-l  is  not  precipitat«'d   by  incrcuroni  orm-r^ 
cnric  salts.    Mercuric  oxide  heat^nl  in  a  solution  of  the  acid  di.-«so]T(>s  in  if.  aad  ri.e 
liquid  on  cooling  dcpo-oits  a  mass  nr.seinbling  the  curdy  compound  of  merconc  oxi-k 
with  fulminurate  of  potassium.     (Schischkoff.) 

Fulminurate  of  Polna^tiuni,  C*N'H«KO».— This  salt,  the  preparation  of  ubi^ 
has  been  already  describotl,  forms  long  prisms,  having  a  strong  lu>tre  and  great  refrart- 
iaff  power  (Liebig).  A  hot  saturated  solution,  rapidly  cooled,  solidifies,  from  form- 
atMB  of  a  mass  ra  rery  small  silky  needles ;  but  by  gentle  evaporation,  the  biit  is 
obtaiBcd  in  large  and  very  regular  crystals  isomorphons  with  the  ammoDia-hit 
'(BehiMhkefi).  Aooocding  to  Bammelsberg  {loc.  cit.\  they  exhibit  the  hfxs  »?, 
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^pP«d,oP,  -f-Poc,  —  P«,  —  2P,  and  are  prismatically  elongated  in  the  direcfirm 
ef  the  orthodiacoual.  Batio  of  axos  a:b:  e  -  I  :  1-8704  :  2-3113.  Anale of  uiclitiod 
KXes  «»  83°  82  ;  coPt  ooP  in  the  dinodiagonal  principal  ioction=56'^  34  ;  oP  :  odP=- 
•J^  4':  oP  :  +  Po)    «  125*  2';  oP  :  -Pao    ^  132°  51'. 

The  crystals  arc  doubly  refracting,  and  for  pcrp«-ndicalar  incidence,  ihean^le  of  nv 
fraction  of  the  extmordiaary  ray  is  between  6**  and  G°  (Rood, /w.  a7/(.  They  are 
anhydrous  (Lielip).  The  salt  when  heated  exhibits  a  faint  glow,  and  givro  off  a 
•mall  quantity  of  gas,  like  a  mixtore  of  an  organic  subatanee  with  nitre.  It  undrrgoea 
DO  change  at  226°  C,  but  at  a  higher  temperature  it  melts,  giroi  ofTo  large  quantity  of 
hydrocyanic  ncid,  and  afterwards  becomea  black,  and  explodes  with  h  r«d  flame. 
When  slowly  decomposed  in  a  covered  crucible  b^  a  heat  gradually  raised  to  redn«««, 
it  yields  pure  white  cyunate  of  pota.«i8iuin  mixed  with  cyanide  'SchischkoffK 
Heated  with  chloride  of  potassium  in  a  combustion-tube,  it  ^vt^  off  bydrocYsnii'  acid, 
then  carbonate  of  sunmonia,  and  a  gaseouB  mixture  coDtiiJninir  2  vol.  carboDicanhydrido 
to  I  Tol.nitrogt'n,  like  the  gas  evolved  by  th<*  decomposition  of  dry  ftilnjinare  and  cyanato 
ofRilTermixed  with  sulphate  of  potassium.  Tbe  rrsidar  consiKts  ofcyanideof  potsissium 
mixed  with  chloride  (Liebig).  The  salt  is  less  soluble  in  cold  water  thiiti  the 
ammonia-Bait  (Li  cbig.  Schii«chkoff),  but  dissolves  in  hot  wnter  :»  (-acily  tis  the 
latter  (Li«'bic),  It  dissolves  in  10  pts.  of  cold  and  a  much  smaller  quantity  uf 
boiling  water,  but  isinsolublc  in  alcohol  and  ether.     (Schischkoff.) 

Fulm  in  urtitr  nf  SUvr. — A  hot  holutiou  of  fultninurate  of  ammonium  or  pi>ts8- 
rium  mixes  with  nitrate  of  silver  without  turbidity,  but  as  the  liquid  cools,  fulminurate 
uf  silver  separates  from  it  in  long,  very  thin  needles,  having  a  silky  liistro  (Licbig; 
Hchischkoff).  The  rryat«ls  n^tain  their  lustre  at  100*  C,  and  do  not  diminish  in 
weight  (Liebig).  The  suit  is  not  blackened  by  light,  and  does  not  mideruu  sny 
change  at  150°,  but  at  a  higher  temperature  it  explodes  without  noise,  and  gives  off 
hydrocyanic  acid  (Si'h  if  chb off).  It  is  decomposed  by  heat  in  the  aime  manner  as 
cyanate  of  silver  (Liebig).  It  dissolves  very  sparingly  in  cold,  but  with  modermte 
bdlity  in  boiling  water,  and  may  be  recrystallised  without  alteration.  (Lie big; 
Schischkoff.) 

Fultninurate  of  Sodium  is  more  soluble  than  the  pots  f«{um-sidt,  and  cryslalliBea 
irom  the  aqueous  solution  by  slow  evaporation  in  long  prisms.    (Hchisc  hkoff.) 

Fulminuratr  nf  Strontium  forms  njonocliiiic  crystals,  exhibiting  the  combina- 
tion +  P  .  —  P  .  oP  .  «Pao  ,  Ratio  of  axes  a  :  6  :  c  -=  1  :  2-71H  :  3-458.  Anglo  of 
inclined  axes  »  82°  60' ;  +  P  :  +  P,  in  the  cltuodiagonal  priucipal  sectinn  =  47°  42' ;  -  P : 
—  P  in  the  same  =  63"  4' ;  +  P  :  —  P  in  the  orthodiagotial  principal  M-ction  =  140-'  49'; 
an  the  basal  swtion  -  149°  28' ;  oP  :  +  P  -102«>  67';  oP  :  -P  -  107"="  36'. 

nTXMXSrr&ZC  CTHES.     See  FtTi.iaNTJRA.TB  of  Etstl  (p.  740). 

rUMASAKXOE.     C*irN^»   =   N'j^*^^*?'^".     (Hagen,    Ann.   Ch.   Pharm. 

zxxviii.  276. )^A  compound  formed  by  the  uctioti  of  ammonia  on  fumarate  of  ethyl, 
and  deposit**d  in  white  scales,  when  the  ether,  mixed  n-ith  aqueous  ammonia,  'm  sit 
aside  for  some  time  in  ii  cold  place.  It  is  insoluble  in  cold  water,  but  dissolves  in  boiling 
water  and  separates  out  unchanged  oo  cooling.  It  in  insoluble  in  alcohol.  (Hagen.) 
Fumaramide  yields  by  dry  distillatioa,  ammonia,  a  crystsllino  sublimate,  and  a 
curbonuceous  residue  Heated  with  aqueous  alkalis,  it  gives  off  snimonia,  and  when 
heated  for  some  time  with  water,  it  is  convert«d  into  fumarate  of  aiumoniuni : 

I  C*N'n'0'  +   2H«0  -  C*HXNH«)'0* 

Gttnpovnd  of  Fumaramide  viih  Mercuric  Oxide. — Red  oxide  of  mercurj-  boiled  in 
water  with  fumaramiJo  is  rapidly  decolorised,  and  yields  a  white  puIveruK'ut  com mund. 
which  must  be  cari'fully  washed  with  boiling  water  and  dried  at  ItiO".  It  is  tlcctmi- 
posed  by  hydrochloric  and  sulpliyilric  acids.  (Beflsaigoes,  Ann.  Ch.  Phanu.  Ixxxii. 
283.) 
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C'H'O'   -  ^^'^'^'fjo*.  UeKenicadd.    PofWMtlete  add, 

(Lassaigne  [1819].  Ann.  Ch.  Phys.  [2]  xi.  93.— Pfaff;  Schw.  J.  xlvu.  476.— 
Winckler.  Rtpt^rt.  Pharm.  xxxix.  48,  368;  xlviii.  39,  363.— Pelouzp,  Ann.  Ch. 
Phys.  [2]  Ivi.  420.-Schddler,  Ann.  Ch.  Phamt.  ivii.  148.— Rieckher,  ibid,  xlix 
31.— Dflffs,  Pogg.  Ann.  Ixxx.  436.— Dessaignes,  J.  Pharm.  [3]  xxxii.  48.)— An 
add  isomeric  with  maleic  acid,  differing  from  malic  acid  by  containing  lat.  less  of 
water,  and  from  succinic  acid  by  containing  2  at.  less  of  hydrogen.  It  exists  rmdj 
fermed  in  several  plants,  viz.  Fumaria  officmalia,  Corydatis  bulhoaa,  Giaveium  fiaihiw^ 
Urhm  islandicus,  and  lIulHua  parudo-ipniarius.  It  is  ppiduced  by  the  dehydration  of 
iBoalic  acid;  by  molecular  transformation  of  maleic  acid,  namely,  when  that  add 
£a  heated  with  hydriodic  or  hydrc>bromic  acid  (Eekule,  Ann.  Ch.  Pharm.  SnppL  iL 
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85);  and,  according  to  MullhEasen  (Ann.  Ch.  Fharm.  d.  17l)i  u  finmd  aaoDg  tha 

produoto  of  the  oxidation  of  protein-GompoundB  by  nitromnrUtie  add. 

Lassai^e,  in  1819,  first  showed  that  in  the  diy  diatiqation  of  malie  add,  thcR  k 
nroduced,  besides  maleic  acid,  another  add,  whidi  was  ftuther  inTeatigated  l^  Peloaat 
In  1834,  who  called  it  paramaleic  add.  F&fif  in  1826  fonnd  in  Iceland  moaa  (Liehn 
itlandictu)  iin  add  to  which  he  gave  the  name  of  lichenic  add ;  and  'Winckler  in  183} 
obtained  from  fnmitoty  {Fumaria  officinalis)  an  add  deaignal'iDd,  aa  fiunarie  add 
The  identity  of  this  acid  with  paranuddc  add  waa  demonatnted  by  Demarnr  is 
1834,  and  with  lichenic  add  hj  Sdiodler  in  1886.  The  tioletie  add  Iband  \ij 
Braconnot  in  Bolrtu*  pscudo-iqniariua,  and  supposed  by  him  to  be  a  distinet  add,  wm 
shown  by  BoUey  (Aiin.  Ch.  Fharm.  IxxxtL  46)  to  be  likewise  identical  with  fiiniaiie 
add. 

Preparation. — 1.  From  Fumitory. — The  aqneons  decoction  of  the  fireah  flowcxiw 
herb,  together  with  the  roots,  after  straining,  subsidence,  and  decantation,  ia  tmfataJM, 
first  over  the  open  fire  and  then  over  the  water*bath,  to  a  thin  symp ;  and  this  njTOf, 
while  still  hot,  is  mixed  with  a  nnall  quantity  of  hydiochlorie  add,  and  left  fax  ahoit 
a  fortnight  in  a  cool  place,  till  the  ftimaric  acid  has  separated  in  hazd  brown  eiyitak 
The  mother- h'quor  is  then  diluted  with  water  and  poored  off;  the  eryatala  waAed 
with  cold  water,  Buspeuded  in  water,  and  slightly  supersaturated  with  carbonate  d 
potassium ;  the  filtrate  slightly  supersaturated  with  sulphuric  add,  heated  in  the  witer- 
bath,  and  filtered  from  the  resulting  dark  brown  resinous  precipitate ;  the  still  lm>vai(h 
crystals  of  fumaric  acid  which  form  on  cooling  are  dissolved  in  hot  water ;  and  the 
solution  is  digested  with  animal  charcoal  and  filt<ffed :  it  then,  on  cooling,  yields  sdov- 
white  crystals,  amounting  to  6*166  per  cent  of  the  firesh  herb  (Winckler).  Tht; 
fumarate  of  calcium  contained  in  tne  expressed  juice  may  also  be  decomposed  \ij 
oxalic  add.  This  salt  is  deposited  spontaneously  from  the  Extractum  Fumaria,  after 
two  years'  standing,  in  crystalline  grains,  which  may  be  separated  by  diluting  the 
extract  with  an  equal  quantity  of  cold  water,  then  decanting  and  washing  with  cold 
water ;  when  decomposed  by  aqueous  oxalic  add,  they  yield  a  brownish  add,  ^riiidi 
may  be  freed  from  an  admixed  red-brown  substance  by  mixing  it  with  sud 
and  subliming,  or  by  solution  in  eth^r  and  filtration  (Winckler,  Rupert.  Phazm. 
xxxix.  48). —  Trommsdorff  (N.  Tr.  xxv.  2,  152)  predpitatea  the  reoentbr  ex- 
pressed juice  of  fumitory — after  separation  of  the  scum  which  forms  on  boflii^ 
—with  acetate  of  lead;  decomposes  the  washed  predpitate  with  aolphydiic  acid; 
and  obtains,  by  evaiwrating  and  cooling  the  filtrate,  brownish  crystals  which  out 
be  purified  with  animal  charcoal.  A  similar  process  is  followed  by  DemaictT. 
Delffij  washes  the  yellowish  green  precipitate  thrown  down  by  acetate  of  uad 
(after  it  has  somewhat  diminished  in  volume  by  standing) ;  dries  it  in  the  air  oo 
bibulous  paper ;  rubs  it  to  powder;  stirs  it  up  with  nitric  add  gradually  added  (iri««> 
upon  the  mass  swcIIm  up,  but  gives  off  only  a  small  quantity  of  nitrous  vapomrs); 
agitates  the  resulting  mixture  of  nitrate  of  lead  and  fr^  fiumuric  add,  after  24  hona 
with  a  little  water;  filters  ;  washes  the  residue  with  water;  and  extracts  the  fdmuie 
acid  with  boiling  alcohol  of  ordinary  strength.  The  alcoholic  eolation  is  then  er^ 
rated;  the  residue  dissolved  in  ammonia;  the  excess  of  ammonia  expelled  from  ths 
solution  by  heating ;  and  a  certain  quantity  of  lead  which  remaina  in  it,  removed  by 
Bulphydric  acid  (the  greater  part  of  the  colouring  matter  also  separates  with  tbe 
sulphide  of  lead) ;  the  acid  fumarate  of  ammonium  is  brought  to  the  crystallising  point; 
the  crystals,  if  much  coloured,  are  purified  by  pressure  and  recrystaUisation ;  the  silt  ii 
then  dissolved  in  hot  water ;  and  the  solution  treated  with  nitric  add,  to  separate  the 
fumaric  acid,  which  then,  after  the  liquid  has  cooled,  crj'stalliiiea  out  completelv,  bat 
only  after  a  considerable  time.  The  nitric  acid,  if  added  in  slight  excess,  genewDj 
effects  the  complete  destruction  of  the  colouring  matter.  By  this  psoceaa,  Delfb  ob 
tained  more  than  6  drachms  of  pure  f\imaric  acid  from  20  lbs.  of  the  herb. 

2.  From  Iceland  Moss. — Sixty-four  pts.  of  the  lichen  are  macerated  for  some  time  in 
water  containing  carbonate  of  potassium  ;  the  filtrate  is  precipitated  with  acetate  of 
lead ;  the  washed  brownish  precipitate  decomposed  by  suJphydric  acid ;  the  filtrtte 
evaporated ;  and  the  crystals  of  the  acid,  which  still  contain  lime,  are  purified  (PfaffV 
Tbe  chopped  lichen  is  macerated  for  six  days  with  water  and  milk  of  lime,  the  mixtnie 
being  frequently  stirred ;  and  the  expressed  turbid  liquid  is  evaporated  to  half  its  balk, 
acidulated  with  acetic  acid,  then  heated,  mixed  with  basic-acetate  of  lead,  aa  long  as 
reddish  flocks  containing  brown  colouring  matter  continue  to  separate,  and  filtered 
hot.  The  filtrate,  on  cooling,  deposits  white  or  brown-yellow  needles  of  the  lead-s^t, 
and  an  additional  quantity,  though  impure,  on  further  evaporation  ;  the  lead-salt  may 
be  decomposed  by  sulphydric  or  sulphuric  add.  The  impure  acid  ia  purified  by 
boiling  with  dilute  nitric  acid,  and  cooling  to  the  crystallising  point.    (Schodler.) 

3.  From  Glaucium  Utteuvu — The  expressed  juice  is  boiled  and  precipit;ited  by 
ammonia;  the  filtrate  evaporated;  mixed  while  still  hot  with  a  small  quantity  of  nitric 
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■eid ;  then  with  nitrate  of  lead ;  and  left  to  cool  till  the  leud-Bult  MopanUes  moHtly  in  the 
ayatalline  form.    (Frohst,  Ann.  Ch.  Phartn.  xxxi.  248.) 

4.  From  Malie  or  from  MaUie  octtf.— Malic  acid  is  heatcnl  for  tiorne  time  to  a  teni- 
persture  a  little  aboTe  130°,  whereupon  water  passes  OTer,  tngpthor  with  maleic  acid, 
and  fiimaric  acid  remains  behind  in  the  sohd  state ;  or,  crystullitiod  nialrio  arid  i* 
boiled  in  a  long  ({lass  tube,  so  that  the  evolved  water  may  coiitiuuiilly  fluw  back  again, 
till  the  maleic  is  converted  into  famaric  add  (Felouzc).  Dessaienes  (Compt. 
rend.  zliL  624)  obtains  fumaric  acid  by  heating  mulic  acid  for  several  hours  with  hy- 
drochloric acid.  On  the  other  hand,  fumaric  acid  is  converted  into  malic  acid  by  heating 
it  with  hydrochloric  acid  in  sealed  tubes.    (See  below.) 

Proftrtiea. — The  acid  obtained  from  malic  acid  crystallises  from  the  aqueous  solu- 
tion, in  broad,  striated,  coIouiieKs  pri8nis,  sometimes  rhombic,  sometimes  hexagonal 
(Pel once);  that  obtained  from  fumitory,  in  scales  united  in  stellategroups(Winck- 
ler);  that  from  Iceland  moss,  in  needles  (Pfaff);  in  crystals  aggrcgut*^  in  cuuli- 
flower-Uke  tofts (Schcidler).  The  acid  sublimes  in  long  white  needit^  (Lassaigue 
Winckler).  It  requires  a  high  temperature  to  melt  it;  volatilises  somewhat  uImvo 
200^  C.  even  before  melting,  and  sublimes  for  the  most  part  unaltereil,  but  partly  re- 
■ohred  into  water  and  funuiric  anhydride.  It  is  inouorous,  tastes  veiy  acid,  ami 
reddens  litmus  strongly  (Winckler,  Pelouze,  and  othe»).  It  dissolves  sjtaringly 
in  eold,  readily  in  hot  water ;  also  in  alcohol  and  ether. 

DeeompotUiofu. — 1.  When  fumaric  acid  is  heated,  a  small  portion  of  it  is  resolved 
into  fumaric  anhydride,  C^H'O',  which  volatilises,  and  water  (Pelouze). — 2.  It 
■lay  be  set  on  fire  by  a  flaming  body,  and  then  bums  with  a  pale  blue  flame  (Winck- 
IcrV— 3.  When  triturated  and  heated  with  peroxide  of  lead,  it  first  gives  off  water, 
and  then  takes  fire,  without  emitting  any  odour  of  formic  acid  (Kieckher.^  — 
4.  The  colourless  solution  of  the  add  turns  brown  when  heated  (Winckler),  and  gives 
off  mlphuroas  acid  (Rieckher). — 5.  The  aqueous  solution  of  the  add  is  not  altered 
liy  eight  day^  boiling,  or  when  heated  in  a  sealed  glass  tube  to  250^  C,  not  being  in 
ftct  converted  into  malic  add.     (R.  Hagen.) 

6.  Fumaric  acid  enclosed  with  hydrochloric  acid  in  a  sealed  tube,  and  heated  to  100°  C. 
for  140  hours,  is  partly  converted  into  malic  acid  On  evaporating  the  resulting  liquid 
to  dryness,  and  treating  the  residue  with  a  small  quantity'  of  waU'r,  to  separate  uj)alt«n>d 
fiunaric  acid,  the  last  mother-liquor  yielded  by  evu]>onition  a  dolir^nescent  tiymp,  which, 
after  diying  at  100°  C,  fused  readily,  and  yielded  fumaric  acid  by  dry  distillation. 
Another  portion,  half  saturated  with  ammonia,  yielded  by  evaporation,  first  crystals 
of  acid  fumarate  of  ammonium,  which  gave  a  precipitate  with  ferric  chloride, 
then  transparent  prisms  of  a  salt  which  did  not  precipitate  ferric  eliloride,  even  after 
addition  of  ammonia,  melted  at  40°  C.  (acid  fumarate  of  ammonium  does  not  mi>lt 
•ven  at  200°),  and  was  converted  at  160°  into  fumarimide,  which  is  the  pro«luet 
obtained  by  heating  acid  malate  of  ammonium.  Hence  it  ap}H'ars  that  pert  of  the 
ftimaric  acid  treated  as  above  dc8cribe<l  had  been  converted  into  malic  add. 
(Deasaignes,  J.  Pharm.  [3]  xzxii.  48.) 

7.  Fumaric  add  is  not  decomposed  by  boiling  with  nitric  acid,  or  with  water  and 
nerozide  of  lead,  or  acid  chromate  of  potassium ;  and  it  does  not  precipitate  platinum- 
oladc  from  solution  of  chloride  of  platinum:  it  exhibits  therefore  no  great  tendency 
to  decompose  under  the  influence  of  oxidising  agents. — H.  On  the  other  hand,  it 
easily  takes  up  hydrc^en,  under  the  influence  of  certain  rt>diK-iiig  agcnt.s,  and  is  con* 
verted  into  succinic  acid  : 

C^l'O*     +     n^     =     C*H*0«. 

Fumaric  aiid.  Succinic  ncid. 

This  change  takes  place  when  aqueous  fumaric  acid  is  placed  for  :i  few  hours  in  con- 
tact with  sitdium-aniahjam,  op  wIh-u  it  is  healed  with  hydriodic  acid.  In  like  manner, 
irhen  heutinl  to  120^  C.  in  a  sealt-*!  tulns  witli  h-fdn^irtmiic  acid,  it  i"*  slowly  transformed 


Pharm.  Suppl.  I  129 ;  R^p.  Chim.  pure,  1861,  p.  484;  Jahresljcr.  ISGI,  p.  365.) 

Vamaratea.  Fumaric  uci<l  is  dibasic,  forming  ventral  sa/in,  C*II-M-0*  and 
C•H■■'M"^)^and//l^>»<',/Jf/tf//^V^rffrlWM//;*.C*^»M0^ltld("^U^^^0''orC*U•■M"O•.C*H«O•. 
Some  of  tho  fumnnites  arc  erystulliiie.  otliors  ^-ulvrrulnil,  and  most  of  th«-m  have  a 
mild  taste.  None  of  them,  exceptint;  tlie  amiunniuin.  copper,  and  mercury  s.':lts, 
become  nirlioniscd  till  they  Jirc  healed  altnve  2r>(P  (..'.  They  are  (liViinii>f>scd  by 
phosphoric,  sulphuric,  hviinxMiliiric,  and  nitric  aciii.s;  but  fumaric  acid  expels  actic 
acid  from  tin-  aoetat<H.  M.niy  tuiiiaral«'>  <ii«<>C'Ivf  in  water,  but  uciic  in  strmij:  alcohol. 
Solutions  iif  the  allvahti.   funmraUs  ir'.i-ipit.iic  imat  nii.l.vl!ic  xal'.x,  ImI  ri'^t  thi>M'  i>t' 
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nnc,  aluminium,  or  ehromimn:  ftunante  of  sine  ia  eadly  ■olnble,  and  ttmaat  adl 
does  not  appear  to  be  capable  of  forming  salts  irith  alominiom  or  ehrominm. 

Fumarate*  of  Ammonium. — The  neutral  salt  ia  Toy  soluble  in  water,  and  k 
eonrerted  into  the  add  salt  by  en^poration. 

The  acid  salt  is  obtained  by  saturating  fomaiic  add  with  ammonia,  and  lesyiag  the 
solution  to  evaporate  in  a  non-exhausted  receirer  orer  lime  and  oil  of  vitriol,  or  in  faeao 
orer  hydrate  of  potauiunu  It  crystallises  in  oblique  rhombic  misma,  tnineated  on 
the  lateral  edges,  very  soluble  in  water  and  alcohol  According  to  Pasteur  (Ann.  Ch. 
Phys.  [3]  zxxi.  91),  the  crystals  are  monodinic  prisma,  usually  ezhibitiDg  the  £ues 
oeP,  oePoo ,  oP,  —P.  Inclination  of  ooP  :  ooPin  the  OTthodiaffonal  prindpal  ttdioD 
T=  110°;  oP:  odPoo  .=  86^51';  -P :  -P  «  U7f  61'.  ThescdnlaonhasnoaetioBOB 
polarised  light. 

Fumarate  of  Barium,  C*H*Ba*0*  (at  lOO*  C.)-— Fumaric  add  does  not  pm> 
dpitate  baryta-water  or  chloride  of  barium.  Fumarate  of  barium  is  obtained  by  ^ 
solTing  fiimaric  add  in  a  hot  solution  of  acetate  of  barium,  or  by  mixing  the  two  sub- 
stances in  hot  concentrated  solutions.  It  is  then  depomted  on  cooling  in  anhydioa 
crystalline  grains.  It  roa^  also  be  prepared  by  adding  fumarate  of  p^iMiom  or  ■■• 
monium  to  chloride  of  banum,  being  then  depodted  in  small,  qhining,  rfaomboidal,  fay> 
drated  prisms,  which  effloresce  quickly  in  the  air,  giring  off  16  per  cent  water,  aad 
when  heated  to  100"^  C.  lose  2081  per  cent  water.  It  is  very  soluble  in  water  lod 
alcohol,  not  soluble  in  fumaric  add,  or  in  any  other  adds  in  the  dilute  state. 

There  does  not  appear  to  be  an  acid  fumarate  of  barium. 

Fumarate  of  Calcium,  Q^^CaPO^itX  200°  C.).-y-This  salt  occnrs  in  ftmiitoiy. 
Fumaric  acid  does  not  precipitate  lime-water  (Lasaigne),  or  chloride  of  ealdnin. 
From  a  hot-filtered  solution  of  carbonate  of  calcium  in  fumaric  add,  or  from  a  miztnre 
of  fumarate  of  potassium  with  acetate  of  calcium,  colourless  shining  scalee  sepant* 
after  a  while,  which  are  tasteless,  permanent  in  the  air,  and  scarcely  soluble  in  witrr 
or  alcohol.  An  aqueous  mixture  of  fumaric  acid  and  acetate  of  caldum  depodts higbljr 
lustrous  crystals,  which  are  sparingly  soluble  in  water,  insoluble  in  aloohol.  gire  off 
the  greater  part  of  their  water  at  100°  C,  and  the  whole,  amounting  to  25*66  per  eat 
(3  at.)  at  200°. 

Fumarate  of  calcium,  exposed  for  some  weeks  to  the  heat  of  sununer,  in  contact  with 
cheese,  is  converted  into  succinate: 

Fumaric  acid.  Succinic  add. 

Fumarate  of  Cobalt,  C*H'C(/'0*  +  3  a^.— A  mixture  of  fumaric  add  and  aoetatt 
of  cobalt  does  not  yield  ciyetals  by  evaporation  ;  but  on  adding  alcohol  to  the  eoo- 
oentrated  solution,  fumarate  of  cobalt  is  deposited  in  the  form  of  a  rose-coloured  pul- 
verulent precipitate.  It  is  very  soluble  in  water  and  in  ammonia,  slightly  in  weak 
alcohol.  It  gives  off  2  at  water  at  100°  C,  and  1  at  more  at  200°,  in  all  3  at  - 
23-82  per  cent 

Fumarate  of  Copper. — Fumarate  of  potassium  added  to  cnpric  snlphate.  throws 
down  a  pale  blue  crystalline  powder,  soluble  in  hydrochloric  or  nitric  acid,  insdnUe 
in  water  and  alcohol.  Aqueous  cupric  acetate,  heated  with  fumaric  add  till  the  latter 
dissolves,  deposits  a  blue-green  crystidline  powder.  This  salt  after  drying  in  the  air, 
gives  off  1767  per  cent  (rather  more  than  2  at)  water  at  100° C,  and  23-61  (3 it) 
in  all  at  200°  ;  at  230°.  it  suffers  a  total  loss  of  48  or  49  per  cent,  assuming  at  the 
same  time  a  brown  colour  and  being  partially  decomposed.  It  dissolves  readily  in 
nitric  acid,  with  sepanition  of  fumaric  acid ;  slowly  in  water  and  alcohol,  and  is  in- 
soluble in  boiling  fumaric  acid.     (Rieckher.) 

Fumarate  of  Cupramnumium  is  deposited  in  shining  dark  blue  octshedroos  on 
evaporating  a  solution  of  fumarate  of  copper  in  ammonia.  On  adding  alcohol  to  thii 
solution,  the  salt  is  precipitated  in  silky  blue  needles. 

Fumarate  of  Et hyl,  C«H«0*  =  C«H«(C»H»)'0«.  Fumaric ethtr.  Hagen  (Ana. 
Ch.  Pharm.  xxxviii.  274").— A  solution  of  fumaric  or  of  malic  add  in  absolute  alcohol 
is  saturated  with  hydrochloric  acid  gas,  the  mixture  distilled,  and  the  fumaric  ether, 
which  passes  over  after  the  hydrochloric  ether,  and  when  the  heat  has  risen  con8idr^ 
ably,  is  collected  in  a  separate  receiver,  and  dried  over  chloride  of  calcium.  It  is  an  mlf 
iiqiu'd,  heavier  than  water,  and  ha\nng  a  pleasant  fruity  odour ;  slightly  soluble  in  watw. 

The  ether  heated  with  potash-ley,  is  resolved  into  fumarate  of  potassium  andalcdioL 
Treated  with  aqueous  ammonia,  it  deposits  after  some  time  crystals  of  fumaramide : 
C3«H>K)«  +  2NH»  =  C*N»H«0»  +  2C»H«0. 

Fu»rara<«  o//ron  (ferric).— Recently  predpitated  ferric  hydrate  does  not  di»- 
sdrc  in  aqueous  fumaric  add.  even  with  the  aid  of  heat  The  aqueous  add  forms  r 
biowoish  yellow  precipitate  with  ferric  sulphate.    Fumarate  of  ammonium  or  fodioa 
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fbriiu  vith  sesquichloride  of  iron  a  pUe  brown-riHi  precipitat«,  inaolublo  in  ncess  of 
the  ammonia-Bftlt  (vherebj  it  is  diBiingnlBhad  from  the  precipitate  formeii  bj  ra<?<!iote 
acid).  It  IB  very  bulky,  and  difiicalt,  to  waih;  soluble  in  acidx  but  not  in  ummoum  : 
and  whether  precipitAtad  from  cold  or  from  hot  solutions,  coataios  alter  drying  at 
200°  C.  4 4  08  per  cent,  ferric  oxide. 

Fumaratet  of  Lead.— I.  Nfutrat  or  Monoplumbie  mlt,  C'H'Pb'O' (at 200®  C.)  — 
Halate  of  lead  is  courertod  at  200**  C-  into  fumarata  (Rieckher).  The  dilute  pQtaa- 
einm-salt  mixed  with  ncetate  of  lead  acidulated  with  acetic  acid,  throws  doi»-n  a  while 
eiyvtallioe  powder,  which  dissolroa  on  boiling,  and  crj'stAllisM  after  a  while,  on  cwlitiff. 
in  vhite  shining  tuft«  of  noedlefl.  The  free  acid  behaVM  in  a  aimilar  nuinnor  with 
neatral  acetate  of  lead.  The  dried  lalt  doei  not  decompose  at  200°  C.  When  heiited 
o?er  a  flame,  it  takes  fiie  and  bttraa  away  with  a  glimmering  light,  leaving  a  mixtutii 
of  lead  and  a  small  qtuintity  of  protoxide.  The  neodles,  after  drying  in  the  air,  conlri  j 
16-28  per  eeDt.(dat.)waber{Peloaze);  9'81  per  cent.  (3at.)aocoiding  to  Rieckher. 
The  salt  dtssotrea  readily  in  nitric  acid,  withsepsntion  of  fumaric  acid  ;  it  is  nearly  in- 
soluble iu  cold  water,  and  in  strong  acetic  acid,  but  dissolTcs  with  tolerable  fncility  in 
boiling  water,  separating  out  again  unchnngeil  on  cooling.     It  is  insoluble  in  alcohol. 

2.  A  tnplnmbtc  aali,  Pb''0.2C«H*Pb"0*  (at  250°  C),  is  obtained  by  precipitating  basic 
kcetate  of  lead  with  add  fumorate  of  potaasiam.  Tlie  white  precipitate,  which  quickly 
■inks  down,  givi?s  off  all  its  water  of  crystallisntion  at  130°  C,  and  bears  a  tamperatore 
of  230°  without  deconipoBition,     (Rieckher.) 

8.  Another  iriplumbic  tall,  2Pb"0.C«H*PL"0«  (at  200*  C).  is  obtained  by  treating  the 
nevtmi  salt  with  ammonia.     (Rieckhor.) 

Fnm^raU  of  Magnetium,  C*H»Mg"0<  (at  200°  0.).— Fumaric  acid  mixed  with 
sqveoaa  lioetate  of  magoesium,  and  ev)»porated  to  a  syrap,  yields  no  cryotals ;  but  if  the 
greater  part  of  the  acetic  acid  be  expelled  by  thorough  drying  in  the  wnter^bath,  and 
the  residue  exhaastcd  with  Htcohol,  fumarate  of  magneeium  rcmaiiis  undiseolr&l,  iu  the 
form  of  a  white  powder,  which  giree  off  84*48  per  cent  (4  at,)  water  at  200"*  C,  but 
only  2  at.  at  1 0(»^. 

Fumarate  of  Manganese,  C*H*Mn"0'  +  3aq. — Fumanite  of  ammonium  added 
to  a  solution  of  manganous  solphatei  precipitatce  thi*  ealt  in  the  form  of  a  white 
powder.  When  fiimoric  acid  is  heated  with  Bolntion  of  manganous  scetat^,  a  white 
powder  is  formed,  containing  3  at.  -  247  ppr  cent,  water,  which  it  gives  off  at  100"^  C. 
The  salt  is  sparil^ly  soluble  in  water,  injuilnble  in  aleohol. 

Fumaratet  of  Mercury.— I.  Afen'tiru-  »aft.-  The  potassium-salt  throws  down 
from  the  solution  of  mercuric  chloride,  a  mixture  of  yellow  needles  and  a  white  rnn- 
fiillinp  j<alL  Free  fumaric  acid  gires  no  precipitate,  either  with  corrosive  sublimate  or 
with  m^rcnric  nitrate;  it  does  not  dissolve  mercuric  oxide,  even  with  the  aid  of  heat. 
(Rieckher.) 

Mrrrnrom  salt. — An  Af^neons  solntion  of  mercnrous  nitrate  forms  with  fUmarie  a:id 
or  alkaline  fumarates,  a  white  cryBtaHine  precipitate,  which  suffers  no  perceptible  lnaa 
and  no  change  of  colour  at  100"  C.     (Rieckher.) 

Fuma  ra  te  of  Niei  1 1.  —  Obtained  like  thp  cobalt-salt.  Pale  green  powdfT,  which, 
after  drying  in  the  air,  givpa  off  26-49  per  wnt.  (rather  more  than  3  nt)  wiUrr,  3(f6l 
per  cent.  (4  at.)  in  all  at  200-'  C,  and  at  230°  suffers  x  total  low  of  36-22  per  cent,  with 
colouring  and  partial  decompoNilion.  It  diMolves  in  water,  weak  alcohol,  and  ammonia. 
(Rieckher.) 

Fumaratet  of  Potastium,—\,  The  neutral mU,  C«H'K*0*  f  2  »q.,  obtained  by 
neutralising  the  acid  with  aqneoos  carbonate  of  potassium,  and  evaporating,  forms 
large,  transparent,  colourless  rhombic  tablfie  and  four-aided  prisms,  often  aggregated 
in  stars,  permuni'tit  in  the  air.  and  having  a  miJd,  scarcely  saline  LiJite  (Winckler); 
or  laminae  united  in  radiating  groups  (Pelonze).  The  salt  effloresces  during  the 
evaporation  of  its  solution,  but  deposits  shining  striated  prioms  at  the  bottom  of  the 
vessel ;  sometimes  the  solntiou  yields  on  evaporation  a  liquid  which,  in  12  to  24  hours, 
is  converted  into  a  crystalline  powder.  The  rrvstalii  become  opaque  at  a  gentle  heat, 
amd  give  off  1 7-06  per  cent.  (4  at.)  water  at  1 00°  C. ;  at  a  higher  tem  perature,  they  melt 
imperfectly,  blacken,  swell  np  to  ten  times  their  original  bnlk,  and  leave  a  residue  of 
charconl  and  carbonate  of  potawiium.  The  salt  dissolves  readily  in  water,  but  not  in 
alcohol  (Rieckher).  From  a  concentrated  aqueous  solution,  acetic  acid  throws  down 
the  acid  potassium -salt ;  alcohol,  the  neutral  salt,  cootainiog  1661  per  cent  (therefore 
2  aL)  water  of  er\'stalli.Hation. 

2.  Acid  Malt,  C'H'KO*. — From  the  cold-satnrated  aqueous  solution  of  the  neutral 
salt,  wafer  safunitefl  with  fumaric  acid  preeipitates  thescid  salt  in  needles.  It  forms 
fihining.  tufted  needles,  and  oblique  fniir-sided  prisms,  permanent  in  the  air.  and 
hating  li  plensimt,  utronglj  sour  taste.  They  give  off  1  nt.  wjiter  nt  200^  ('..  and 
deeompone  at  a  hicher  frmpcniture,  like  the  nentml  salt.  Thry  diasolve  much  leaa 
abundiuiily  in  cold  water  I  liitn  the  neutral  salt,  plentifully  in  boiling  v»nit«r;  un  nciirif 
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iiuoliible  in  cold  alcohol  of  81  per  cent,  but  diaaolTe  sptuabg^  tiuran  at  •  hoflhigTw^ 
and  crystallise  on  cooling. 

Fumarate  of  Silver,  C*H»Ag*0*.— Free  ftinuuic  add  added  to  nitrate  of  idfcr 
throws  down  a  fine  white  powder  (Lassaign  el  The  add,  even  when  diawhed  ia 
200,000  pts.  of  water,  still  predpitates  silTer^olution ;  and  alkaline  fbmazataa  predpi* 
tate  it  even  at  higher  degrees  of  dilation,  so  completely,  indeed,  that  the  filtnte  ihowa 
no  turbidi^  on  the  addition  of  hydrochloric  acid  (Pelouze).  The  powder,  after  being 
washed  and  dried  in  the  dark,  is  white,  tolenAly  heavy,  nearly  tastefaie,  and  adheres  to 
the  fingers.  It  turns  brown  when  heated,  afterwards  deoompome,  with  alight  dettmatini 
and  sparkling  and  leaves  a  bulky,  velvet-black  mass,  which  leaves  metallie  lilvflr 
when  burnt.  When  heated,  it  deflagrates  like  gunpowder.  It  dissolves  readily  it 
nitric  add,  with  liberation  of  fumaric  acid.  It  is  insoluble  in  water,  and  is  not  de- 
eomposed  by  continued  boiling.  It  dissolves  readilv  in  ammonia,  and  when  the  am* 
moma  evaporates,  yields  delicate  shining  prisms,  which  give  oflf  potash  when  treated 
with  ammonia. 

Fumarate  of  Sodium,  C^E^slK)*.— The  aelt  predpihUed  by  alcohol  Iboratbs 
aqueous  solution,  is  a  crystalline  powder  containing  10*03  per  cent.  (1  at«)  water;  wfaeh 
the  solution  is  evaporated,  the  salt  crystallises  in  needles  and  prisms  containing  26-li 
per  cent  (3  at.)  water.  The  water  escapes,  for  the  most  part,  at  100°  C.,  completely 
at  200°,  and  the  residue  contains  38*77  per  cent  soda.  It  is  a  crystalline  mass  con- 
sisting of  needles,  permanent  in  the  air,  having  a  faint  silky  lustre,  and  a  warm  saline 
taste ;  it  behaves  in  the  fire  like  the  potAssium-salt^  dissolves  readily  in  cold  water, 
but  is  insoluble  in  alcohol. 

It  does  not  appear  possible  to  prepare  an  acid  fujnaraU  of  sodium  or  9,  fumarate  of 
sodium  and  potassium,  or  of  ammonium  and  potassium.    (R i  e c k h  e r.) 

Fumarate  of  Strontium.  C*H*Sr"0*  +  3 aq. — Aqueous  fumaric  add  does  not 
predpitate  stmntia-water ;  but  on  adding  the  &cid  to  a  solution  of  acetate  of  strontinm, 
a  white  crystalline  powder  is  precipitated,  consiating  of  fumarate  of  strontium  with 
3  at.  water.     It  is  very  slightly  soluble  in  water  and  m  alcohol. 

Fumarate  of  Zinc,  C*H*Zn"0*  +  8  aq. — Aqueous  fumaric  add,  saturated  at  the 
boUing  heat  with  oxide  or  carbonate  of  zinc,  yields,  on  farther  concentration,  large 
oblique  prisms  having  a  vitreous  lustre ;  very  soluble  in  water,  but  insoluble  in  alco- 
hol, and  containing  3  at.  crvHtallisation-water ;  but  the  same  solution,  if  left  to  evapo- 
rate spontaneously  in  a  cool  place,  yields  ciystals  which  contain  4  at  water  (29*06  p*r 
cent)  and  effloresce  in  the  air. 

nmCAaxc  AVBTSKZBB.  CHK)*  =-  (C*H>0*)"0.  (Pe louse,  Ann.  Ch. 
Phys.  [2]  Ivi.  72.)— This  body,  which  may  also  be  regained  as  maleie  anhydride,  is 
produced  when  raaleic  or  fumaric  acid  is  heated.  To  prepare  it,  crystallised  maleie 
acid  is  rapidly  distilled,  with  change  of  receiver,  till  nothing  but  crystallised  famaric 
add  remains  behind ;  and  the  last  distillate  (the  first  being  watery)  is  repeatedly 
rectified  in  the  same  manner,  the  first  watery  portion  of  the  d^illate  being  each  time 
set  aside,  till  the  last  distillate  passes  over  completely,  without  first  yielding  water,  and 
without  leaving  a  residue  of  fumaric  add. 

The  anhydride  melts  at  57"  C.  and  boils  at  176°.  When  slightly  heated  above  itr 
boiling  point,  it  decomposes,  turning  brown,  and  giring  off  gas. 

runULRXC   STBBIt.    See  FrMARA.TR  op  Ethtl  (p.  744). 

nrXMLasZMZBB.  C*NH*0«  =  NJ^^'^'^")"-  (Dessaignes,  Compt  rend. 
XXX.  324  ;  J.  Wolff,  Ann.  Ch.  Pharm.  Ixxv.  293.)— Formed  by  the  action  of  heaton 
acid  malate  of  ammonium.  When  this  salt  is  heated  in  an  oil-biith  to  160° — 200=  C 
it  melts,  swells  up,  gives  off  water  containing  a  very  small  quantity  of  ammonia,  and 
leaves  a  reddish,  transjarent,  somewhat  resinous  masR,  very  sparinp^y  soluble  in  water, 
even  at  the  boiling  heat.  This  residue,  after  being  washed  with  hot  water,  fbrmn  aa 
amorphous  powder,  having  a  pale  brick-red  colour  and  earthy  taste.  When  dried  at 
100°,  it  exhibits  the  comiwsition  of  fumarimide  +  ^  at.  water  (Dessaignes).  When 
the  residue  obtained  as  above  is  exhaupted  with  boiling  water,  the  wash-water  yields 
on  cooling,  a  fine  white  powder,  which  remains  suspended  In  the  liquid,  but  is  immediately 
pre<ripituted  by  acids.  This  substance,  after  being  peveral  times  dissolved  in  water 
and  reprccipitated,  exhibits  nearly  the  composition  of  anhydrous  fumarimide.  (Wolft) 
Fumarimide  is  a  verj'  stable  substance.  It  dissolves  in  hot  concentrated  acid*, 
whence  it  is  precipitated  by  wat^T  without  alteration,  even  after  boiling  for  some 
seconds.  But  if  heated  for  five  or  six  hours  with  hydrochloric  or  nitric  adc^  *od  then 
evap<^)rated  tx)  drynoss,  it  yields  a  crystalline  residue  containing  a  compound  of 
hytUvchloric  or  nitric  aei<l  with  optically  inactive  aspartic  acid: 
C'NH»0-     +     2H-0     =     r*NH'0« 

Fu'iiaiiiniilc.  Aspartic  acid. 
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Add  malcate  and  add  ftiinant«  of  ammonium  yield,  by  dry  diBtilktioii,  ft  rabatance 
cloarly  reaemblixig  fiimarimide  in  most  of  its  reactioua,  bat  not  identical  with  it. 
(Dessaignes.) 

WUWUkMXMM,  An  oreanic  base,  contained  in  Punitory  (Fumaria  officinalis),  flnt 
obaeired  by  Peachier  (LieWt  Organiaeht  Chemie,  p.  633);  more  fully  examined 
liy  Hannon  ^«/i.  Chim.  mid.  [3]  viiL  706).  The  plant  grown  on  a  well-manared  soil, 
and  gathered  in  June  or  July  wnile  in  full  flower,  contains  from  6  to  6  per  cent,  of  tbia 
baae,  to  whidi  it  appears  to  owe  its  specific  physiological  action.  To  obtain  it,  the 
|tlftnt  is  beaten  up  to  a  pulp  with  an  equal  weight  of  water,  the  palp  acidulated 
with  acetic  or  hydrochloric  acid,  then  heated  for  some  hours  over  the  water- 
bath,  and  filtered.  The  filtrate  evaporated  to  a  symp  is  treated  with  boiling 
alcohol,  which  dissolves  the  acetate  or  hydroehlorate  of  Amiarine,  and,  after  concentra- 
tion and  decolorisation  with  animal  charcoal,  deposits  it  in  slender  needles.  Or  the 
expreBsed  and  filtered  juice  of  the  plant  is  mixed  with  twice  its  bulk  of  water,  and 
inveipitated  with-basic  acetate  of  lead,  tho  excess  of  lead  is  removed  £rom  the  filtrate 
with  dilute  sulphuric  add,  and  the  liquid  is  evaporated ;  it  then  deposits  ciystalline 
■olphate  of  fumarine.    (Hannon.) 

Fnmarine  is  separated  from  its  salts  by  caustic  alkalis  nr  their  carbonates,  in  the 
farm  of  a  cardy  pvedpitatA.  It  may  be  ol>tained  in  Uie  crystalline  form  by  spontaneoua 
eraporation  of  its  hot  alcoholic  solution,  but  not  by  evaporation  with  the  aid  of  heaL 
tlie  salts  have  a  bitter  taste.    (Han  n o n.) 

See  YoLoaxio  Exanattoxs. 
RTXv  OH&oaZBS  Ol*.  OH'O'.Cl*    (KekuU.  Ann.  Ch.  Fharm.  Suppl. 
fi.  86;  Bep.  Chim.  pure,  1863,  p.  31.)— Produced  by  the  action  of  perchloride  of 
plMq)horQS  on  fbmane  add : 

(C'H'O^rJQ,  ^  pcii.ci«  «  (CHK>«)".C1»  +  Pa«0  +  BTO. 

When  purified,  it  boils  at  160^  C.      It  unites  directly  with  2  at  bromine  and  is  con- 
wrted  into  chloride  of  dibromosuednyl  C*B}BxHi\(A\ 

nnNCIOATIOV.  S«e  the  artide  Disinfbctaiit  in  Un^»  Dictionary  of  Arts, 
Manr^facturra,  and  Mintt,  iL  27. 

jruMlJiO  UQVOS  OV  BOT&a.  A  mixture  of  two  or  more  sulphides  of 
HiBonium,  obtained  by  distilling  sulphur  with  sal-ammoniac  and  quick  lime  (i.  194). 

WanarO  &ZQ,V0X  or  CABBT.  .a  mixture  of  cacodyl  and  oxide  of 
eaoodyl,  obtained  by  distilling  acetate  of  pntasHium  with  arsenious  auhyilride  (L  403). 

rmnvO  &X^VOS  or  &ZBAVZVS.     Tetrachloride  of  tin. 

nnrozo  ACXB.    The  name  given  by  Braconnot  to  an  acid  which  he  found  to 
exist  in  a  consideralile  number  of  agarics  (Ann.  Cliim.  Ixxix.  265 ;  Ann.  Ch.  Phyc. 
ZKZ.  272).      Accordins  to  Dessaigues,  however  (Compt.  rend.  xxxviL  782),  the  acid 
m  question  is  nothing  but  a  mixture  of  dtric,  malic,  and  phosphoric  acids. 
A  green  coccolite. 

C»H«»NK)«    -    N«j(^'*]^',^'^'.      (Fownes.  PhiL  Trans. 
1846,  263.) — An  amide,  produced  by  the  action  of  ammonia  on  f^irfurol : 
3C*H«0«  *  2Nn«  -  C»»H"N»0»  +  SHK). 

FurfiiTol  set  aside  with  five  times  it«  volume  of  nqucous  ammonia,  is  converted,  par- 
tially in  a  few  hours,  and  completely  after  a  longor  tim«',  into  a  yellowiiih-white,  bulky, 
ciystalline  mass  of  furfuramide.  A  mixturo  of  aqiirous  furfurol  and  ammonia  yields 
the  same  compound,  in  a  few  days,  purer  and  whitor.  Ttic  resulting  yrllowit<h-white 
mass  may  be  dissolved  in  hot  alcohol,  and  crystiillisos  therefrom  on  cooling  in  short 
needles  unit«d  in  tufts. 

Furfiiramide  is  fusible,  nearly  inodorous  wlion  dn-,  inwlublc  in  cold  water,  but 
easily  soluble  in  alrnhol  and  uther.  It  burns  with  :i  hmokj  fiame  and  leaves  a  small 
quantity  of  charcoal.  When  expose<l  to  damp  air,  or  hratcd  with  trofrr  or  alcohol,  it 
is  slowly  resolved  into  ammonia  and  fiirfun)! ;  acidf  produce  this  doi'otnposition  in- 
stantly. Furfuramide  Imilod  with  dilutti  potath-hi/,  is  convi-rted,  without  tlieMighte.ot 
evolution  of  ammonia,  into  furfurine  (Fownes).  Furfiininjido  trt'ati'd  with  xu/- 
pAyrfnc  <ici</ yields  thiofurfol.     (Cahour«.) 

nntnntTVS.  CMl'-N-O*.  (Kownos,  Phil.  Tran.««.  1S45,  253;  Strnhousc, 
Ann.  Ch.  Phami.  Ixxiv.  289;  SvanbtTL'  ami  li<TjjHtran«l.  J.  i>r.  Cht-m.  Ixvi.  23!).) 
— An  orpinic  base,  isoni(-rif  witli  furt'iiriiniide,  and  jirodnowi  tlifivfn)iii  under  the  in- 
fluenc«i  fif  cau.'ttic  |ii">tash,  or  xiiniily  ofiicsit. 

l*r'jiarntioi).  —  \.  Dried fiirfnnimidi.' is  a<lil<'il  toa  laraeqnaiititvofdilutelionincpotash- 
Iey ;  the  liquid  left  to  vw\  sloM'ly  aft»r  fm  i>r  tift«-ci)  iuinut<;.>i,  mUi  P-upon  the  furfurine 
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FURFURINE. 


which  has  separatnl  in  the  fonn  of  a  jeUowiah  oil,  Bolidifira,  and  the  portion  mmiBBi 
in  solution  rrystallises  ovt;  the  whale  of  the  fnrfiiTinfi  is  coUetctod  on  a  filter,  wwhra 
with  cold  water,  and  dinwWed  in  excess  of  boiling  aqtiroos  oxalic  acid,  from  which 
impure  acid  oxalate  of  fntfurine  crystallispa  on  cooling;  this  impure  oxaIa.t«  is  wa*b«d 
on  H  fllt<>r  with  c-okl  water,  nnd  dissolred  in  boiling  water;  thp  solution  boD«d  fora 
few  minnfes  with  animal  charcoal  p^e^^ou8ly  ptirifled  by  hydrochloric  add,  then  (Utpred 
at  the  boiling  heat ;  the  pure  white  salt  whicli  separutcfl  on  cooling  is  dissolved  in  lioilio^ 
water,  the  solatton  snpersatnnited  witli  ammonia,  and  filtered  hot;  and  the  crystaU  of 
fiirfurine,  which  form  on  cooling,  are  waahed  with  cold  water  (Pownea).  The  crQ(!« 
bnue  may  also  he  pcrified  by  repeated  solution  in  alcohol  and  precipibitlon  with  wait* 
(Sranberg  and  BergsLrand). — 2-  Fnrftiramide  is  also  readily  converted  into  fnr- 
furine  by  heating  it  for  half  an  hour  to  110''— 120^  C.  The  resulting  bmwn  mm 
disaolred  in  altjotiol,  and  treated  with  excess  of  oxdlic  acid,  yields  aciil  oxulale  nf  f^^ 
furine,  from  which  the  ba.'^e  may  be  obtained  aa  above.  By  this  mcana  farfurinr  nuy 
bo  prepared  directly  from  furfurol,  viz.  by  pasaing  dry  ammoniacal  gaa  into  ftirfurol 
heated  to  1 10°— 120**  C.  The  furfaml  then  turns  brown,  and  in  the  eours*  of  half  an 
honr  to  an  hour,  i»  converted  into  furfurine.  (C.  Bertagnini,  Ann.  Cb.  Phano. 
IxxxviiL  128.) 

Pmprrtiea.—F arfmine  crystallises  in  whit*,  mjft,  silky  needles,  reseinbltng  those  of 
caffeine.  It  melts  con.Hiderably  below  100°  C,  to  a  nearly  colonrle«s  oil,  which,  oa 
cooling,  aolidige»  to  a  soft  resin,  and  afY^Twards  to  a  resinous  crystalline  mass.  It  ia 
pcmianent  in  the  air  (FowneaV  When  perfectly  dry,  it  renaina  unaltered  on  txpo- 
lure  to  the  air;  but  when  moifit^  it  qmckly  turns  greyiah-groeD.  j-eUowish^brovB, 
andoft«n  red  (S  van  berg  and  Berg  at  rand).  It  is  inodorous,  and  baa  bat  httk 
tast-e.  It  exhibitfl  an  alkaline  reaction,  which  is  particularly  strong  in  the  bot  aaocaaa 
or  alcoholic  solution  (Fo  wn  es).  When  a  tolerably  strong  solution  of  neutral  snlphata 
of  furftirine  ia  heated,  the  precipitated  brown  powder  (p.  749)  aepiirated  by  filtmtaon, 
and  the  filtrate  treated  with  ammonia,  furfurine  is  precipitated,  not  in  the  pulvendeat 
or  prystalline  state,  but  in  the  form  of  a  tough  coherent  mass,  which,  after  a  littla 
kneading,  becomca  brittle  and  as  hard  as  stone ;  the  recently  precipitated  mass, 
examined  by  the  microscope,  exhibits  her©  and  there  crystalline  groups  likesoow-l 
Vurfuriiie  appears  tUcu.  when  heated,  to  pass,  like  quinine,  into  anotbt^r  n»odifica1 
(.Svanberg  and  Bergstrand).  It  diiisolvca  in  1-57  pts.  of  b«iiling  icat<y,  and 
TJit€«  almost  completely  on  coolinp  ;  readily  in  cold  nlfvluil  or  tUter,  and  cryi 
when  the  solvent  is  evaporated.     (Fownes.) 

Furfurine.  when  heated  in  the  air,  bums  with  n  red  amoky  flame,  and  lesToi 
trace  of  charcoal  (Fo  w  n  e  s).     Aqueous  ptrwdic  acid  decompoaes  it,  with  •epaxatioD  d 
iodine.     (Bodeker,  Ann.  Gh.  Pharm.  Ixxi.  64.) 

I*urftirlae-«alts.  Furfurine  dissolves  very  readily  in  dilute  acids  and  neutnliKa 
them  oompl«^tely.  It  expels  ammonia  from  sal-ammoniac  at  a  boiling  heat,  but  at  orii- 
norj-  tcmperfiturea  la  itself  preripitnted  from  its  combinations  with  acids;  by  ammonia^ 
potash,  or  8oda.  The  salts  of  furfurine  have  an  extremely  bitter  taste.  They  &w 
prrapitated  white  by  corrosive  sublimate,  yellow  by  dichlorido  of  plntinam,  but  giTe 
DO  precipitate  with  tincture  of  galls.     (Fownes.) 

Acetate  of  Furfurine  is  very  soluble  in  water,  and  very  difficult  to  OTStaDM. 

Ca  rbona  te.  (?) — According  to  Dubereiner.  furfurine  unites  with  carbonic  acid.  Ac- 
cording to  Davidson,  on  the  contrary,  the  base  diaaolvefi  in  water  tlirongb  which  carbonie 
acid  ia  passed,  but  separates  out  unaltered  whpn  the  solution  is  left  to  eva-porate. 

CArcmate  {acid),  2C'*H'*N»OMI'0.2Cr=0'.— Orange-yellow  powder,  sparingly  «o- 
luble  in  cold  water,  becoming  brown  when  dry.  (R.  Davidson,  Ed.  N.  PhvL  J.,  new 
aeries,  ii  284.) 

Hi/drobromate,  C'*H'-N*0*.HBp  +  aq. — Short  prismatic  needles  aolublo  in  26  pti» 
«rater,    (Davidson.) 

^j/./r^fA/oraf/',  C'»H"NK)*.HCl  +  nq.— Dilute  hydrochloric  acid  aatuMted  with 
ftirfurine,  yields  tufla  of  deliente,  gilfcy,  neutral  needles,  which  retain  their  Imtie 
when  dried  in  vacuo  over  sulphuric  acid.  They  diasolre  readily  in  water,  less  easily 
in  hydrochloric  acid.     (Fownes.) 

The  chloroplatinate,  2(C«»H'»N'0».HCI)J^CIV  ia  obtained   n»  a  light-y«llo* 
precipitate,  on  mixing  the  Sfdution  of  the  bydrochlomte  with  exoeaa  of  chloride 
pIntinuTn  (Fownes).     When  the  chloride  of  platinum  is  poured  into  a  hot  soluUoe, 
hydrochlorate  of  furfurine  in  weak  alcohol,  the  platinum-salt  of  furfnriue  separatea 
cooling  in  lung  light^yellow  needles  resembling  picrate  of  potassium.     (Stenhout 

Hjdnxhlonite  uf  furftirine  alsn  forms  double  salts  with  mercuric  chloride  (Fowneal. 
and  with  the  chiondff  of  gold,  puUadiuin  and  iridvtnu     (Doberei  ncr.) 

Ht/driodate,  C'*II''N-CH.II1  +  jkj. — Colourless, slender, oblique  four-sided  priwis, 
aoliibic  i»«  hb  pts.  of  ctjld  water;  Mthiljlu  also  in  rtlcf>h  d  and  ether,      (Davidson.) 
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Jf^//d/«.— AquMus  mellie  acid  Deutnilu!«d  with  fiirfurine  yielda  the  aalt.  After 

hil^  in  itixtular  gpronpa  of  crystHUs,  which  b^  recry^tallisation  am  o1)tained  in 

Btifiil  monocliaic  prisms.     The   salt  gives  off  67  per  cent  water  between  100* 

'Vnd  12.5°  C,  and  begins  to  turn  yellow  at  180°     (Ksrinrodl,  Amu  Ch.  Phana. 

l«xi.  171.) 

Si tratr,  C'»H"NMD'.HNO'.— Trunspirent,  colourless,  highly  lustrous,  hard  OTstal*, 
which  ciBoresce  io  tbcqo  orer  sulphuric  acid,  and  dissolve  readily  in  water,  slowly  in 
nitric  add.  (Fownes).  According  to  Stptihoiiae,  it  crystallises  from  the  aqueou* 
■olutioB  in  long  irregular  acuminot*^  nyatals ;  but  from  the  alcoholic  solution,  in  rery 
regular  rhombic  prisma  of  considerable  bi/,c  and  peooUar  lustre ;  i^  however,  very  strong 
alcohol  is  uaed.  tJie  crystals,  which  are  at  first  perfectly  Iranspnrent,  sooo  beeoniA 
opaque,  whereas  those  obtained  from  weak  alcohol  retAin  their  Initze  and  transpac 
rency. 

Oxalatrt. — The>  neutrcd  oxalate  forms  tufts  of  needles  very  soluble  in  water.  The 
acid  oxalatt  forms  thin  transparent  tables,  which  retain  their  lustre  in  a  tlry  Tscuum, 
leddea  litmus  etrongly,  and  dissolve  very  sparinglj  in  cold,  more  readily  in  worm 
watec     (Fownes.) 

Ptrehloratf,  C"H"NH)».HCTO*  +  aq.— Fnrfarine  dissolved  in  warm  very  dilate 
perchloric  acid,  yields  very  long,  thin,  brittle  prisms,  having  a  glassy  lustre  and  a 
disagreeable,  ajdine,  bitt^pr  taste  ;  they  efflortajce  at6()*C.,  mdtat  150°  to  160°,  solidify- 
ing on  coolin|i;  to  a  gltissy  brittle  mass,  and  explode  at  a  higher  temp<>jaturo.  They 
dissolve  readily  in  water  oad  alcf»hol  (Bodeker.  Ann.  Pharm,  Ixxi.  63).  The  crystals 
are  right  rhombic  prisms,  having  the  angles  of  the  lateral  edges  —  72°  33'  and  107°  27 , 
the  obtuse  iatenii  edges  truncated,  the  acute  [levelled;  cleavage  from  one  obtuse 
Wteral  edge  to  the  other.     (Dauber,  Ann.  Cli.  Pliarm.  luj.  67.) 

Pkotphatea  of  Fttr/urine. — «.  Mtt^pho»phiiU{^) — When  strongly  ignited  am- 
inonio-sodic  phosphate  was  dissolved  in  water,  the  solution  pncipitated  by  chloride  of 
barium,  and  the  washed  nietaphosphate  of  barium  digested  for  24  hour«  with  neutral 
mlph«tfl  of  furfurine,  a  tiltratti  was  obtained  wbtcli  hod  a  nfutr.d  reaction,  but  did  not 
yieJd  any  crystallisable  compound.  On  evaporation,  it  left  a  gummy  ma««,  which  be* 
eame  black  and  glassy  when  heated.  (Svanberg  and  Bergstraud.) 

b.  OrthophofphaU».—a.  C'*H'*N*0«.H«PO*.— A  boiling  alcoholic  solution  of  fiir- 
furine, uixL'd  with  a  large  excess  of  ordinary  phosphoric  acid,  deposits  crystala  on 
cooling,  which  graduBJly  assume  a  biowniah  yellow  colour,  if  left  in  the  moiher-Uquor ; 
but  if  quii'kly  taken  out,  and  pressed  between  paper,  retain  their  silvery  lustre  on  aub- 
•cqaent  czpoenre  to  the  air.  They  are  right  four-sided  prisms,  so  short  that  they  ap- 
pear like  thin  lamuue.  The  crystals  do  not  diminish  in  weight  or  decompose  at  160°  C., 
bat  when  more  stmugly  heutfd,  they  aiisume  a  blackish  grey  colour,  and  between 
200°  attd  216°,  melt  into  a  black  ritreoiis  mn«»,  whirh  dissolves  completely  in  warm 
alcohol,  and  then  no  longer  exhibits  the  reactions  of  ordinary  phosphoric  acid.  The 
salt  di8*»fjlves  sparingly  in  cold,  readily  in  hot  water  and  alooholj  but  appears  to  bo  in- 
soluble in  ethtT.  (Svanberg  and  Bergatrand.) 

3.  (C'*H'N'0»)«.H»1'0*.— Obtained  by  adding  1  at,  furfurine  dissolved  in  Alcohol 
to  a  solution  of  1  at.  of  the  sidt  c,  and  heating  the  mixture.  The  filtrate  on  cooling 
de(>osit8  whilf,  shining,  obliqiK!',  four-sided,  anhydrons  prisms,  which  in  the  dry  stAte 
Are  pennanent  in  the  air.  They  may  be  heated  to  130°— I3fi^  C.  without  decomposi- 
tion, but  at  higher  tempenitures  behAve  like  the  salt  «.  The  neutral  salt  disaolvea 
rendily  in  boiling  water  and  alcohol,  but  is  nearly  insoluble  in  ether.  (Svanberg 
And  BergHlrADd.) 

y.  tC'»U"N-0*)'.H»PO*.— A  solution  of  the  salt  a  mixed  with  a  lar^e  cxceae 
of  the  alcoholic  BolulioR  of  furfarine,  deposits  this  salt  on  cooling  in  long  oblique  four- 
rided  prisma,  which  are  white  and  destitute  of  lustre ;  anlivdrous ;  pennanent  in  the 
air;  may  be  ht-ated  to  120^ — 136'^  C.  without  (lcrom|xwition;  \>ul  at  higher  temperature 
behave  like  the  two  preceding  salt^  They  diBW>lve  readily  in  water  and  alcohol,  but 
very  sparingly  in  ether.  The  sniutiona  have  an  alkaline  reaction.  (STAnberg  And 
^erg«trand.} 

.  Pyropfu'xjthiitr^  (C'*n'*N*11*)*.n*P*0*  +  sq.— An  alcoholic  solution  of  furfurine, 
tralised  with  pjrophosplioric  acid,  and  evaponitwl  in  the  drying  chamber,  idtitnnl«»ly 

ields  a  glassy  crystaJliiie  crust,  whieh  clissolves  readily  in  wat^r  and  ulrnliol,  and  has 
.  neut™!  reaction.  The  salt  gives  off  lo  jier  cent,  water  at  ordinary  tt-niftTiituroa, 
ind  214  per  cent,  more  at  100°  C.  Hence  if  the  16  per  cent,  be  reg-ml.d  as  hygro- 
•eopic,  the  salt  may  be  supposed  to  contain  I  at.  water.  Between  116°  and  120^,  it 
assumei*  a  greyish  aspect,  apparently  from  incipient  di>comtx>Hition.  (Svanberg  and 
BergBtrAnd.) 

Sulfhatt  of  Furfurine. — a.  Neuiral. — Sulphuric  acid  naturatcd  with  furfurine,  de- 
poeita  when  evaporated,  either  by  heat  or  under  the  exsiccator,  a  bUck-brown  powder. 


^ 


7fiO  FUEFURUL. 

When  hydrochloniitc  of  Atrfbnne  is  decomposed  with  salpliBte  of  silrer,  the  n^vfoli  n* 
deposited  from  the  coIourecTand  acid  mother-liquor,  but  they  eontaiB  ovlj  0*3  per  oeat 
nulphuric  «cid,  and  thert>4bre  caonot  consist  of  sulphate  of  fhrfurineu 

b.  Acid  salt,  0'»H"N«0*.H'SO'  +  8^  sq.-Wlien  fhrftirine  U  dimolred  in  ume. 
what  dilute  sulphuric  acid,  and  a  slight  excess  of  the  acid  added  after  the  eolution  haM 
been  warmed,  short  four^ided  prisms  are  soon  deposited  (irregolar  rhombie  tabteta, 
according  to  DaTidson),  which  dujsolre  readily  in  water,  leas  readily  in  alcohol  or 
ether,  and  least  of  all  in  water  acidulated  with  sulphuric  acid.  The  sdntion  has  a 
sour  and  bitter  tast^^  and  is  coloured  red  by  strong  sulphuric  acid.  The  salt  efSor* 
esces  readily  at  ordinary  temperatures,  giving  off  all  its  water  of  cry  stall  isatio^ 
Amounting  to  21-62  per  cent  (3|  at).  Between  80^  and  90^  C,  it  loses  ^  of  its  weight, 
ajid  appears  to  decompose ;  at  a  higher  temperature,  it  cakes  together,  and  then  melts 
into  a  black  mass,  which  no  longer  dissolrtfs  completely  in  water.  (Svanberg  and 
Bergstrand.) 

Tartrate  of  Fur/urine  (acid). — This  salt  crystallises  fmm  amther  acid  solntimi 
■oi  furfiirine  in  tartaric  acid,  in  oblique  four-sided  prisms,  which  are  permaneat  in  the 
air,  and  do  not  give  off  water  at  150°  C.  When  treated  with  potash,  they  give  off 
ammonia.  The  solution  mixed  with  ammonia  does  not  yield  any  precipitate  of  fnrfu* 
rine  (Svanberg  and  Bergstrand.) 

Btbyl-rorfturlii*.  C"n"N»0»  -  C'»H"(C«H»)N»0«.  —  The  hydriodate  of  thb 
base  is  obtained  by  heating  alcoholic  furfurine  with  iodide  of  ethyl  to  100°  C.  in  a 
sealed  tube.  It  separates  from  a  hot  alcoholic  solution  as  a  gummy  masts,  but  hj 
spontaneous  evaporation  it  may  be  obtained  in  fine  crystals  derived  from  a  rhomluc 
prism.  It  dissolves  in  36  pt«.  of  water,  and  more  freely  in  alcohol  and  ether. 
(Davidson,  loc.  cit ) 

Hydrate  of  Ethyl-furfurine,  C^IP'X^Cf.HO,  aocoidbg  to  Davidson,  more  |ho- 

bably  €P*H*'N'O*.2H0.  or  ^"^"^'g!^' "  "^'^""•^^y  <l«'»™PO»"»g**»«^y<^«i*f«' 
with  moii(t  oxide  of  silver,  and  evaporatiug  the  filtrate.  It  is  sympy,  easily  soluble 
in  alcohol,  sparingly  in  water,  and  exjMjls  ammonia  from  ite  salts  at  100'^  C.  Hm 
ehlorovlatinate  has  the  composition  2(C"H'*N-0».HC1).RC1*. 

It  does  not  appear  possible  to  replace  another  atom  of  hydrogen  in  furnirine  by 
ethyl  or  other  alcuhol-radicle. 

Amyb-ftirftarlne.  C^H^N^O'  =  C«»n"(C»H»)N»0».— The  hydriodate,  obtained 
by  heating  furfurine  with  iodide  of  amyl  for  four  days,  is  a  gummy  masa.  which  dis- 
solves but  sparingly  in  water,  but  may  be  obtained  in  radio-crystalline  mas»e!>.  The 
ehioropiiUinaU,  2(C-''H*'N"0».HCl).PtCl*,  is  a  yellow  powder  sparingly  soluble  in  wntcr. 
{Davidson.) 

rUHmBmoXh  C»H«0«.  (Doboreiner  [1831],  Schw.  J.  briii.  368.— Ann.  Ch. 
Phann.  iiL  141. — Stenhouse,  Phil.  Mag.  [:<]  xviiL  122;  xxxvii.  226. — FowIn^ 
Phil  Tr.u».  1845,  263;  Ann.  Ch.  Pharm.  liv.  62;  Phann.  J.  Trans.  viiL  113.-- 
Cahours,  Ann.  Ch,  Phys.  [3]  xxiv.  277.— Schwanert,  Ann.  Ch.  Pharm.  cxvi.  257.} 
—A  volatile  aromatic  oil  which  may  be  regarded  as  the  aldehyde  of  pyromucic  afii 
(C*H*0*),  being  convertible  into  that  acid  by  oxidation:  isomeric  with  fucusol  (p.  718) 
It  is  prodaeed  by  heating  sugar,  starch,  bran,  madder,  and  other  vegetable  suli^tiinoef 
with  dilute  sulphuric  acid,  either  alone  or  mixed  with  peroxide  of  manganese,  aud 
appears  to  be  a  product  of  oxidation ;  thus,  its  formation  from  staivh  might  bs 
represented  by  the  equation  : 

C*H"0*  +   0'  -  C»H«0»  +   CO*  +   3H»0. 
Dobereiner,  who  first  obtained  it  as  a  wrondar^'-product  in  preparing  formic  acid  by 
distilling  sugar  with  sulphuric  acid  and  peroxide  of  manganese,  called  it  Artificial «/ 
of  Ants  (kUnstliches  Ameistnol).     The  name  furfurol  is  derived  irota  furfur  (bran)  and 
oleum  (oil). 

From  the  experimentji  of  Dobereiner  and  of  Cahours,  it  wt)uld  appear  th.it  sujiar, 
starch,  and  sawdust  distilled  with  sulphuric  acid  alone,  do  not  yield  furfurol.  According 
to  Stenhouse,  on  the  other  hand,  chips  or  shavings  distill.^!  with  dilute  sulphuric  pcid. 
yield  furfurol :  also  linseed-cake,  the  woody  ehell  of  the  cocoa-nut,  and  mah<H:any. 
The  furfurol  obtained  from  mahogany  is  very  free  from  resin,  and  more  eaaily  puritied 
than  that  obtained  from  other  sources.  According  to  Em  ni  et  (SilL  Am.  J.  xxxii.  140), 
sugar,  stardi,  gum,  and  wood,  distilled  with  sulphuric  acid  so  far  diluti-^l :»  not  to 
exert  any  carbonising  action,  yields  at  100°  C.  scarcely  anything  but  furfurol ;  but  as 
soon  as  the  residue  blackens,  nothing  but  formic  acid  is  obtained.  Fownes  obtained 
only  indistinct  indications  of  furfurol  by  distilling  staroh  with  dilute  sulphuric  acid, 
and  from  recently  washed  linen,  not  a  trace.  He  is  of  opinion  that  the  source  of  the 
furfurol  is  to  be  found  in  the  matter  which  lines  the  interior  of  the  vegetable  cells, 
called  by  Payen,  matiire  tncnatantc.    Furfurol  is  likewise  obtain-jd  by  heating  bran 
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vith  «  T«r7  Rh<ong  soladon  of  chlorids  of  zinc.  The  givator  the  qoantit^  of  itareh  in 
the  bnuL,  the  snuller  ia  the  qnuntity  of  fnrfurol  obt«.in)Hl.  Pare  alArch  and  pectin 
distin«(l  with  chloride  of  zine,  do  not  yiel*'  t'urfuroJ.  Bran  distilled  witJi  chlorid*  of 
c&lcium  does  nut  yield  furfurol,  but  possibly  luJKht  do  00  if  hrcted  tuidesr  prvwurv 
{Babe,  Ann.  Cb.  Fhurm.  Ixxxr.  lOUV  Fxirfurol  is  also  fottod  among  the  prodact«  of 
the  dry  diatillation  of  augar.     ( V  6 1  c  k  p  1.  tfrid.  69. ) 

Prtj>aration.—\.  One  part  of  fuffir  in  distilled  with  3  pts.  of  manganese,  3  pta.  of  oO 
■of  ritriol,  and  6  pta.  of  water ;  the  formie  acid  in  the  diatillate  saturated  with  cnrbo* 
Hate  of  flodiiun  ;  tibe  liquid  rediatUled  ;  the  diatillale  saturated  with  chloride  of  CHldum ; 
Aod  lastly,  the  fktrfurol  distilled  off  (Diibcreiner). — i.  One  part  of  wbeal-floor  or 
«aw-duat  is  distilled  with  1  pt,  of  oil  of  vitriol  diluted  with  an  equal  bulk  of  water  is 
a  copper  BtiUL  which  may  be  half  filled  with  the  mixture,  the  distillation  being  conti- 
nueu  till  th«  reftiduc  bf^na  to  char;  the  distillate,  together  with  abon^  a»  much  water 
aa  waa  at  first  used,  pour<»d  baok  into  the  »till :  the  liquid  redistilled  nearly  to  dryoen; 
the  formic  and  sulphnroua  acids  in  the  distillate — which  is  r«''ndered  milky  by  th« 
furfurol — eatutated  with  potash,  which  colours  the  liquid  yellow ;  one-fourth  of  the 
liquid  then  distilled  off;  the  resulting  distillaieniiu'd  with  a  Urge  quantity  of  chloride 
cf  ealciom  and  partially  distilled;  and  this  process  repeated,  if  necessary,  till  the 
greater  part  of  the  oil,  which  in  surtnonnteci  by  an  aqueouR  solution  of  itself— is 
obtained  in  the  froe  state.  By  this  proc««s,  100  pts.  of  flour  yield  0-62  pta.  of  fnrferol 
^^Stenhouse).— 3.  Two  partfl  of  oiitmeal  are  heated  with  2  pt«.  of  water  and  I  pt.  of 
oil  of  ritrinl  in  a  still,  and  th»  mixture  sltrnHl,  till  tlie  pasty  mass  has  bpcome  liuuid 
£roni  formatioD  of  dextrin  -  the  liquid  is  then  distilled ;  1  pt.  more  of  water  added  as 
isoon  as  sulphurous  acid  begins  to  escane  ;  the  disttllution  continued  till  sulphurous 
acid  comes  off  in  larger  quantity;  thf>  whole  distillate  poured  b;ick  into  the  still;  half 
of  it  poured  off;  and  this  half  neutralised,  as  in  2,  with  potash,  &c.  (Fownes.) — 
4.  Twopts.  of  bnui  are  dtattlled  in  a  similar  manner  with  2  pts.  of  oil  of  ritriol  and 
6  pta.  of  water;  by  thia  process,  100  pts.  of  l^nm  yield  0'8  pts.  of  furfurol  (Fownes). 
In  subsequent  exi>erimenta,  Fownes  obtained,  by  (iiatilling  64  ot  (troy)  of  whent-bran 
with  32  oz.  Bulphunc  add  and  an  equal  volume  of  water,  1  oc  of  furfurol;  and  firom 
64  oz.  wheat  flour,  treated  in  the  same  manner,  a1>ont  11  drm.  of  impure  furfuroL — 
6.  Six  pts.  of  bran  are  distilled  with  5  pts.  of  oil  of  ritriol  and  12  pta.  of  water  in  a 
capacious  still,  till  a  strong  odour  of  sulphurous  acid  is  emitted,  and  the  dlstillata 
is  partinlly  and  repeatedly  rectified  over  chloride  of  calcium.  One  hundred  parts  of 
1  ran  yield  by  thia  process  2-6  pta.  of  furfuml  in  till.  p:irt  of  which  is  held  in  solution 
in  the  watery  distillate,  but  may  be  precipitated  by  ammonia  in  the  fonn  of  furfiira- 
mide  (Ca hoars). — 6.  To  save  the  repeated  rectifications,  the  first  distillate  maj 
be  immediately  saturated  with  ammonia;  the  mixture  set  aside  for  24  hours  in  a 
cool  place,  and  shaken  occasionally  ;  the  forfnramido  which  separatw*  is  then  to  be  dis- 
tilled with  dilut«  byflrochloric  add  not  in  excess,  and  the  distillate  rectified  orer 
chloride  of  calcium  (DobereinerV^T.  According  to  Sf<-nhouse,  a  xery  advan- 
tageous process  for  preparing  furfurol  is  to  distil  bran  with  more  t)wn  half  its  weight 
of  aulphunc  acid  prenously  diluted  with  2  pts.  of  water.  Hydrochloric  ocid  may  also 
be  naed,  but  it  haa  the  diaadTantage  of  distilling  over  with  the  oil.  To  obtain  furfurol 
in  large  quantity,  Stenhonse  miates  32  lbs.  of  whea^bran  with  20  Il>s.  of  sulphuric  acid, 
diluted  as  just  mentioned,  in  a  capacious  three-necked  glazed  earthenware  Woulfe'a 
hottle  (such  as  are  used  in  the  preparatinn  of  nitric  and  hydrochloric  acidi>ou  r he 
large  scale) ;  distils  by  passing  steam  into  the  mixture  ;  neutralisM  the  strongly  acid 
distillate  with  chalk  ;  rectifies  the  diNtiliat^  repe.ttedly;  and  sepuratea  the  oil  lii}-  antu- 
mting  the  liquid  with  common  salt  and  re<Ustiiliiig :  this  process  yields  from  12  to  13 
ounces  of  crude  fmfiirol,  cortaining  a  considerable  quantity  of  acetone.  Schwanert 
proceeds  in  a  similar  manner,  using  100  pts.  strong  sulphuric  acid  and  300  pt.t.  water 
tu  100  pts.  bran,  and  obtains  3  pta,  of  furfurol,  partly  directly,  partly  after  comrrrsion 
into  furfuramide  by  ammonia  and  (lubwquent  decomposition  of  that  compound  by  dis- 
tillation with  hydrochloric  acid. — 9  Bran  and  chlonde  of  line  (in  the  proportion  of  S 
to  21  :  1),  in  the  stute  of  solution,  strong  enough  to  form  a  damp  mass  cohering  in 
lumps,  are  distilled  together,  whereupon  water  passes  over  first,  then  fijifarrtl  then  hy- 
drocnloric  acid,  «nd  lustly  a  solid  fafTy  mass  connsting  of  m.irpanc  acid  with  a  ranall 
<juantity  of  a  hydrocurbon.  The  distillate  is  strained  Ihrongh  Hnen,  neutralised  with 
potash,  saturated  "W'ith  common  salt,  and  rectified  ;  and  the  furfurol,  after  being  eepa- 
TAted  fipom  the  water  which  passes  over  with  it,  is  dried  over  cWoride  of  calcium  and 
again  rectified.  The  watery  portion  of  the  distillate  etiU  contains  a  little  furfural, 
which  may  be  converted  into  furfuramide  ns  in  (6).  Six  pounds  of  bran  thus  treated 
yielded  from  I  to  2  oz.  and  «ometiniP»  more  of  furfurol;  bnin  containing  a  larger  pro- 
portion of  fstnrth  yielded  lews  (Bal-o.  Ann.  Ch.  Pharm.  Ixxxv.  100).— 9.  The  moat 
abundant  and  economical  source  of  furfurol  is  in  the  preparation  of  garancin  by 
boiling  madder  with  sulphuric  acid.     If  the  wooden  boilers  in  which  garancin  m 
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■nsuaUy  manufactured  were  fitted  with  condeiMwrB,  forfarol  might  }tt  ol)Uine^  tu  lay 
quuntily  without  expense.  Furforol  w  aLw  produced  by  botlinc  any  kind  <if 
tnaddpr  with  solution  of  mdphate  of  alunjimum.  (St  en  ho  use,  Epiitidary  ctrm- 
munica/ion.) 

CJrude  furfurol  obtuined  from  ary  <if  ths  preceding  soupcps  is  always  eotit»mifuit<d 
with  «nothpr  aromatic  tiil,  Mrta/ur/urol,  which  hiw  A  hipher  boiling  point;  oxidiMs 
wry  readily;  is  for  the  most  part  converted  during  the  distillation  into  n  brown  resiit; 
nod  when  mixed  -mth  a  few  arop«  of  strong  sulphuric,  hydrochloric,  or  nitric  »d<l, 
immediately  exhibits  a  jmrple  coloar,  a  reaction  formerly  indicated  by  Stenhoase  and 
FowTiefc  tt9  characteristic  of  furfarol ;  pure  furfurol  does  not  exhibit  it.  Furfurol  nur 
be  freed  from  metafurfurol  by  repeated  rectification  ;  the  latter,  being  l«as  volatile  and 
much  more  oxidable.  remainei  behind.  The  purity  of  the  product  may  be  teMUi  by 
boiling  an  aqueous  solution  of  the  furfUrol  for  a  f'-w  minutes  with  canstic  potash,  sod 
treating  the  dark  yellow  liquid  with  excess  of  sulphuric  or  hydrochloric  add  ;  if  mets- 
furfiirnl  is  present,  a  deep  red  colour  is  produced ;  if  not,  the  colour  pemains  tmrhanged. 
(Stenbouse.) 

iVopr<i«i.— Furfurol  when  recently  prepared  is  a  coloorlew  oil,  but  it  soon  torn 
yellow,  even  in  the  dark,  and  brown  when  exposed  to  light;  under  watar  the«<>«haa^ 
take  pkce  loss  quickly  (Fownes).  According  to  Schwanert,  the  first  portions  of  fu>- 
furol  which  distil  over  (?  in  the  rectification)  soon  become  darker  colour**!  when  im. 
mened  in  water,  op  kept  in  sealed  tubes;  but  the  latter  portions  remain  nearly  eolour- 
leM,  a  ftct  which  seema  to  indic«ite  the  presence  of  a  more  volatile  imp^ty  in  tbt 
first  portion.  Pure  furfurol,  which  will  not  alter  by  keeping,  can  only  be  obtained  hj 
Mpoated  rectification. 

Furfurol  possesses  great  refnicting  power.  It  smflUa  like  u  mixture  of  the  oils  d 
cinnamon  and  bitter  alraondH.  and  has  an  aromatic  taste,  like  that  of  dnnamon  oil 
apedflc  gravity  1'1648  at  16  6°  C.  (Fownes).  Boils  at  162-8— 163  S**  in  meUWJc 
TeaseJfi  with  the  barometer  at  29-9"  (Fownes),  at  ISft"  (Stcnhouse),  and  volatiliw 
sncbanged.  Vapour-density  »  3*344  (Ca hours),  3'49 (Fownes),  calc  (2  vol)  » 
3-328.  It  diafloWes  in  12  pta.  imlfr  at  lo-6°a  (Fownes),  in  II  pts.  at  \i°  (St«o- 
bouse) ;  it  is  rerj  soluble  in  alcohol. 

Jkemnpositiont. — 1.  Furfurol  is  veir  inflammable,  and  bums  with  •  yellov,  tbt 
tnnoli7  flame. — 2.  When  its  nqueous  solution  is  boiled  with  recently  precipitated  and* 
of  «V«pr,  metallic  silver  is  deposited,  and  the  filtered  Uquid  yields  by  eraporattao 
ciystnls  of  pyromucate  of  silver,  C*H*AgO*.  Hence  furfurol  is  related  t/>  pypn- 
mucic  acid  in  tlie  same  manner  as  common  aldehyde  to  acetic  acid.  It  Hkewise' ex- 
hibits the  characters  of  an  aldehyde  in  combining  with  acid  sulphite  of  sodium  (iW. 
in/.), — 3.  Hot  nitric  acid  converts  furfiipol,  with  violent  evolution  of  nitrous  funies^ 
into  oxalic  acid- — 4.  Strong  sHlfihuric  acid  <Iis.»inlves  it  in  the  cold,  without  ci^lour  i 
pure,  with  purple-red  colour  if  it  contains  metafurfurol,  and  water  added  to  the  k.Iu- 
tion  precipitates  the  furfiirol  unaltered ;  but  if  the  solution  is  heated,  the  farfiirul  i» 
decomposed  and  carbonised. — 6.  Strong  hi/droohforic  add  acts  on  furfurol  in  a  aimiiu 
manner.— 6,  With  chlorinr  and  broi/iiue  it  fonns  resinous  products.  Iodine  disaolre* 
ill  it  abundantly,  without  violent  action. — 7.  Caustic  pottuh  dis.*oIve«  fHirfurol  slowly  in 
the  cold,  forming  a  dark  brown  liquid  from  which  acids  throw  down  a  r^iuou*  sub- 
■lance;  the  same  reaction  takes  place  more  quickly  on  beating  the  liquid. — 8.  iW^ 
ttum  with  md  of  heat,  decomposes  furfurol  w(th  violence, 

9.  Furfurol  left  in  contact  with  amnumiu  for  a  few  hours,  is  completely  conveitfd 
into  ftirfnramide.- — 10.  It  disflolves  in  mrthf/famine  and  rlht/lomine  with  out 'decomposi- 
tion in  the  cold,  hut  if  hejited  it  blackens,  and  a  blackish  resinous  substance  sepaiat** 
containing  only  traces  of  nitrogen  ;  these  basics  do  not  therefore  act  upin  furfimil  is 
the  same  manner  as  ammonia  (Wurtz).  -  11.  With  phenijhmin^  furfurol  form*  a  r»d 
colouring  matter  (Stcnhouse^  Ann.  Ch.  Pharm.  Ixxiv.  282).  When  an  atjueoH*  ela- 
tion of  furfurol  is  added,  with  constant  iip^'tation.  to  a  solution  of  phenylamtne  in  »<^itf 
acid  of  ordinary  B!tren«rth.  the  mixture  turns  red,  and  if  sufficient  furfnrol  solution  )i« 
been  added,  becomes  colourless  after  a  while,  and  dcf>oeit«  a  dark-coloured  viscid  •nb- 
stance,  nearly  insoluble  in  water,  but  6olubl<>  in  alcohol,  wood-spirit,  and  strong  4frtif 
acid ;  ammonia  dissolves  it,  forming  a  colourti'as  soluKon,  but  the  red  colour  n»»ppr*» 
on  adding  acetic  acid.  The  red  substance  does  not  unite  with  mordants  ;  iriwiwff** 
fine  red  colour  to  silk  and  wool,  but  the  colour  is  very  fugitive,  failing  quicklv  mw  ia 
the  dark,     (Persos.  R^p.  Chim.  «p]>.  1860.  220.) 

Ci'inpound  of  Furfurol  with  acid  Sulphite  of  Sodium.  C  :  ~  - 
Pure  furfurol  shaken  up  with  &  strong  aqueous  acid  sulphite  of  sodium.  i 

forms  a  solution^  which,  when  evapomfefl  over  oil  of  vitriol,  or  better  w  .i^  ..  ,-  ,.,', 
with  an  equal  volume  of  strong  alcohol  and  loft  to  itaelf,  deposits  white  or  reddish 
laminsE,  havinj;  a  fatty  Iwt^tre;  they  may  be  purified  by  trcalioent  with  strong  ulcolwl, 
ftod  recrystalUsaUou  from  wa.\.et  xavAst  «.U:^ec  of  alcohol.    (Schwaneru) 
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SuJpkwrtted  and  Sdmittntted  Derioaiivtt  of  t'wfuTol. 

Tbloftirfol*  On*0S. — Tbun  compoaad,  ducorered  by  Cthours  (Ann.  Ch. 
Phyt.  [3]  xxir.  2SI),  In  produced  by  tho  action  of  aulphydrmte  of  aiDmoniuraoQ  a  aoln- 
tioQ  of  furfurol,  or  by  alowly  ptuaiag  sulphydric  acid  gM  through  a  solation  of  Aurftir- 
atnide  ia  a  large  quantity  of  alcohol,  auvd  cashing  tlu'  prccipiUt«d  powder  with 
aJcobol.  Ab  thus  prepared,  it  is  a  yellowish  crystalline  powder ;  but  if  the  solphoretted 
Lydrogen  be  paesad  quickly  through  a  warm  coDceutnited  alraholie  solution  of  forfiir- 
anude.  the  tluofurfol  scparatea  in  the  form  of  a  reaiti,  but  witfi  the  same  compoajtion. 

Tbiofurfol  melts  when  heated,  and  yields  a  crysUdliQc  sublimate,  having  the  com- 
poaition  C*H»0' ;  probably  thua : 

2C*HH)S  -  C»H»(y  ■«-  CS^ 

Thiofurfol,  heat<Hi  in  contact  with  the  air,  diffhses  a  i^trong  rcpalsiTe  odonr.  and 
bums  with  a  bluish  flame,  somewhat  sraiiky,  and  with  tho  odour  of  sulphuroun  iicid. 

The  componnd  0"H*0*,  purified  by  two  crystjillisiition.i*  from  alcohol,  sipfKMini  ir 
colourless  or  yellowisb.  iridescent,  long,  burd,  easily  friahli*  n««ile«.  It  is  Niolently 
attacked  by  nitric  acid,  and  converted  into  oxalic  acid.  It  ia  insolubl*  in  cold  wjiti'r 
bat  dissolres  sparingly  in  hot  water,  whence  it  erystallisas  on  cooh'ng ;  toleniKly  wi<U 
in  ether;  also  va  alcohol,  especially  when  warm,  forming  a  solution,  which  vlowly  tuma 
brown  on  exposure  to  the  air.     (Cahoura.) 

■«]«nloftirfol.  C*H'OS«.— Sflenhydric  acid  acta  upon  furfiiPul  Bimikrly  to  sul- 
phydric acid,  the  clear  liquid  boooming  turbid  and  depositing  aelcniofurfol  in  th» 
form  of  a  rt-sinous,  very  unstable  sabstflAoe.     (Cahours.) 

ZtTSOZTB.     See  ScAPOLm. 

VUBXX1-OZ&.  In  the  alcoholic  fermentation  of  pntatAes,  com,  and  the  mare  of 
gnipes.  ilit-re  are  always  foruiinl,  together  with  common  alcohol,  volatde  oily  bodiea. 
whicli,  for  the  most  part,  boil  at  higher  temperatures  than  the  ethylic  alcohol,  and 
therefore  pasa  over  with  the  latter  portions  of  the  distillate  in  the  procees  of  rectifiaitiuu. 
These  oily  products,  deaijijnated  by  tba general  name  of  fu«>et-oii  resemble  each  other  ia 
their  tuste  and  smell,  which  iiro  naoMOlu  and  fiory,  and  likewise  agree  in  compoaition,  in 
w)  fnr  as  they  all  contain  ethylic  and  amylic  alcohols ;  bat  most  of  them  contain  in  addi- 
tion, fatty  acids  and  ethers,  and  some  contain  other  members  of  the  alcohol^aenM, 
OH^'^'U,  the  nature  and  quantity  of  these  products  varying  considerably,  according 
to  the  source  fbom  which  the  ftuel-oil  XM  derived,  and  the  circanwtuncos  of  the  fermen- 
tution. 

Potato- fusel -oil  usually  consists  ohnoat  entirely  of  ethylic  and  umylic  alcohol*, 
the  latter  oouHtitutiug  the  greater  qoantity  ;  it  may  be  freed  fn^m  etliylic  alcuhol  by 
ujitatiiig  it  with  water,  which  dissolves  the  ethvlic,  witii  only  a  HtnuU  pn>[^>ortion  of 
tn^Mnylic  alcohol,  separating  the  oily  liquid  by  a  tap-fimnel,  and  rcH.-tifying (soe  Ahtuo 
AtCOuoL,  i.  203),  Some  samples  of  potato- fusel-oil.  however,  contain  tetrylic  or  bo- 
lylic  alcohol,  C*H"'0,  in  addition  to  the  precediiig;  in  fact,  it  was  in  rectifying  a 
wimple  of  tins  kind  of  fusel -oil,  that  Wurtst  made  (he  discovery  of  tetrylic  aJcobol 
(Compt.  rend.  xxxv.  310).  Thi«i  alcohol  has  likewise  been  found  in  the  Auel-oil  froaa 
beet-mplAsses,     (Wurts,  Ann.  Ch.  Pharm.  idii  107.) 

In  fusel-oil  from  the  brandy  distilled  fivm  marc  of  grapes,  Chancpl  (Compt.  rend. 
xxxvii.  ilO)  found  tritylic  alcohol,  C'flX) ;  and  from  the  portinn  of  tho  same  kind 
of  fusel-oil  lose  volatile  than  amylic  alcohol,  Paget  (iii<£.  730)  obtained  a  liquid  which 
he  supposed  to  be  hesylic  alcohol,  C*H'*0 ;  but  this  result  is  doabtftiL    (See  Hbxtuo 

AXOOHOI..) 

Most  kinds  of  fusel-oil  contain  st- vejral  members  of  the  series  of  fiitty  acida,  OHM)*. 

Bowney  (Chem.  Soc.  Qu.  J.  iv.  372)  found  in  fusel-oil  from  the  Scotch  distilleries, 
water,  ethylic  alcohol,  am^rlic  alcohoL,  and  a  coloured  oUy  residne  insoluble  in  water, 
and  containing  capric  actd  In  the  form  of  caprate  of  amyl. 

Wetberill  (Chem.  Gaz.  IHaS,  p.  281)  found  in  ncutral-fusol-oil  obtained  as  a  resi- 
due in  the  precHLration  of  alcohol,  partly  from  wheat,  partly  from  nrnize,  acetic  and 
caprylic  acias,  together  with  (1p*w  distinctly  indicate*!)  formic,  caproic  and 
oBnanthylic  acids:  also  a  my  lie  and  a  little  ethylic.  but  no  bntylii:  alcohol. 

Fehling(J.  Phann.  [3]  xxv,  74)  fnaod  in  fusel-oil  fn)m  the  spirit  of  l>eet^mo- 
Uwes,  fwrflnil  volatile  fiitty  acida  (capric,  caprylic  &<?.),  and  a  neutral  fat,  answer" 
ing  nearly  to  the  formula  CH^O*,  or  C^H^O*.  When  heated,  it  gar*  off  the  odoor 
of  acrolein,  and  when  sttponifled,  yielded  capric  acid. 

Fusel-oil  from  boin-molHsses  has  also  been  eiiimined  by  A.  Perrot  (Compt.  rend 
xlv.  309)  with  the  following  results.  The  portion  which  distilled  between  80''  ami 
110°  C.  contained  ethylic,  tetrylic  and  smylic  alcohols,  wlthoiat  any  appre- 
ciable portion  of  tritylic  alcohol.  The  lic^uid  remaining,  after  the  amylic  alcohol  had 
been  diHtillcd,  paasod  ori'r  bctMecn  1 10^  aiul  300^.     It  coaaisted  chiefly  of  compouud 
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fftliPTs,  the  only  euhstance  of  more  Bimple  conBtitution  conUined  In  it  being  a  foetid 
liquid,  C«H'»0,  which  distUled  at  about  200°  C,  tio&t«4  on  water,  and  did  not  exhibit 
the  Inaction  of  an  alcohol  with  perchloride  of  phosphorus.  The  portion  of  th«  aboTi;- 
mentioned  residue  whieh  passed  OTer  between  HO**  and  200°  waa  heated  for  aome 
time  to  100^  with  caustic  potash-solution,  and  the  upper  layer  of  the  prodact  diatilled 
l»j  itself  The  greater  portion,  containing  ethjUc,  tetrrUe,  and  amylic  alcohds,  dis- 
tillod  hehreen  94''  and  135° ;  the  flmall  portions  which  distilh'd  between  140°  and  190^ 
did  not  contain  hexylic  or  octylic  alcohol,  and  the  reaidae,  which  passed  orer  betweca 
190°  and  202°,  conaiated  of  the  aliore-mentioned  componnd,  C"H"0.  The  mixture  of 
acida,  aeparated  from  combination  with  the  potash,  contained  in  small  quantity  (fro- 


bably)  valerianic;  caproic,  and  osnanthrlic  acida,  in  larger  quantity,  caprylie 

Miiller, 
186i;p.  498.) 


and  pel argonic  acids.     (See  also  A.  ! 


J.  pr.  Chem.  Iri.  103;  Jahreebct 


Capri c  acid  has  Wen  fonad  in  potato-ftael-oil  by  8.  W.  Johnson.  (J.  pr.  Chem. 
Ixrii.  262.) 

In  nira  fusel-oil  from  Sarinam,  G.  J.  Mulder  (Jahresber.  1868,  302)  fovnd  an  ub. 
aapotiifinble  waiy  Ixxly,  together  with  palmitic  add,  oenantbic  add,  and  arwy 
amall  ociaiitity  of  cenanthic  ether.     (S^e  Ure'*  Diotumary  of  Artt,  Ac  iL  813.) 

Dr/us elation  of  Alcohol. — As  foflel-oil  injpcjts  to  alcohol  a  Teiy  onpleuant 
taste  and  emell,  itbecoraps  a  matter  of  gr«>at  importance  to  the  distiller  to  renore  it  (hno 
all  spirit  intended  for  drinking.  The  complete  removal  of  the  fusel-oil  is,  however,  a  matter 
of  consinlerable  difficulty,  and  indeed  ia  seldom  attAiaed  on  the  large  wnlA.  Sinple 
diRtiliatioti  will  not  efTect  the  object^  although  the  boiling  pointa  of  ethylic  and  anjyKe 
Blw)hol9  differ  from  one  another  very  considembly,  eommoo  alcohol  boiling  at  79®  CI, 
and  amylic  alcohol  at  132°.  If,  however,  the  epLrit  be  diluted  with  wat«r  before  recti- 
fication, and  the  etrong  spirit  which  comea  over  at  first  be  collected  apart,  and  thti 
D|>enition  repeated  sevpral  time«,  a  tolerably  pore  enirit  will  at  length  be  abtaioed, 
thongh  at  con«iderttble  expense  and  loss.  In  tbe  modem  stills  constracfed  so  that  the 
more  condensable  portions  of  the  vapour  may  be  liquefied  and  fiow  back  again,  by  far 
the  greater  portion  of  tht  fu8cl-oil  is  thus  removed  at  onoe,  together  with  the  water,  and 
a  comparatively  pmr*'  dintillate  is  obtained.  Still,  however,  a  certiiin  portion  of  th* 
fuael-eil  always  diffuses  into  the  alcohol-vapour  and  poasea  over  with  it. 

For  the  complete  defnselation  of  spirit,  various  methods  have  be«>n  devised,  but  tint 
which  19  moat  generally  adopted  consists  in  absorbing  the  fbaol-oil  by  fBood^hanoai, 
To  give  the  charcoal  its  full  absorbing  power,  it  must  be  recently  ignited  and  left  to 
cool  in  weU-closed  vesaels ;  it  is  then  reduced  to  coarse  powder  in  rotating  borreU  con- 
taining a  few  iron  balls.  To  effect  the  defuselation  with  the  amalleet  possible  quantftr 
of  charcoal,  the  epirit  may  be  made  to  trickle  through  a  number  of  casLi  filled  witfi 
the  charcoal  and  placed  one  above  the  othpr.  According  to  Lfidersdorff  (Diagl.  p«L 
J.  ic.  369),2  fluflrts  (or  2'28  litres)  of  spirit  of  80  per  cent  Tralles,  require  far  defa- 
eelatioi)  the  following  quontitioa  of  different  kinds  of  charcoal :  — 


Xome  charcoal 

Fir 

Birch       „ 

WiUow    „ 

Oak 

Bone-black 


Fouto-iptrtt. 
OnncM. 


••11 


Com-^ilrt. 
OuBoai, 


:| 


10 


8 
14 


These  numbers  must  however  be  nnderatood  aa  merely  approximat«  exprenioot  1 
the  relative  defuseliring  power  of  the  several  kinds  of  charcoal,  inasmuch  as  the  detee^ 
tion  of  imall  quantities  of  fusel-oil  in  spirit  is  a  matter  of  considerable  difflctilty. 

In  practice,  however,  the  freatment  of  spirit  with  charcoal  in  the  cold  is  leldoa 
adopted,  since  a  targe  quantity  of  spirit  remains  in  the  charcoal  and  a  eonsidersUe 
portion  of  it  is  lost  by  volatilisation  during  the  transference  of  the  aatorated  diaraai* 
to  the  still ;  moreover  this  operation  takes  a  great  deal  of  time.     For  this  mSoD  itj 
more  usual  to  add  the  charcoal  to  the  spirit  m  the  rectifying  apparatus — whidi,  h 
ever,  is  a  bad  method,  and  never  yields  epirit  free  from  fiweJ-oiL.  at  least  in  the  i 
portions  of  the  distiEate ;  a  bt<tter  method  is  to  pass  the  vapour  of  the   epirit    " 
an  apparatus  filled  with  charcoal,  before  it  ia  eondensed. 

Various  methods  of  defuselation  have  been  proposed,  bnt  for  the  mo«t  part  with  in- 
different reaulta,  which  consist  in  adding  to  the  charcoal  certain  chemieal  ra^enti 
that  will  act  upon  the  fusel-oil ;  or  in  treating  the  alcohol  with  these  rvngeota  afttf 
deftiselation  with  charcoal,  and  before  rectification  ;  or  in  using  these  reagents  withoat 
ihe  charcoal 

Peters  (Dingl  poL  J.  cviiu  79)  introducM  between  the  ehanoal  in  the  ««i» 
BMd  in  the  cold-digeeting  process,  a  hiyer  of  fine  pulverised  peroxide  of  \ 
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«<•«?  pinced  between  two  pieces  of  flanneL  Hourier  (iWi/.  rxri.  68)  lUM  eharfXHil 
mixed  with  halt  its  weight  of  tlakfd  lime,  also  for  cold  digest  iou ;  7  a  1  b  a  a  (ibid,  c  So") 
OMa  charcoal  with  toap-boiUr^  fyc  A  method  very  generally  practieed,  ib  the  addition 
of  aobitioa  ot chtoridi  of  litM 'More  roctification  to  the  npirit  provioaslj  defbselised 
with  charcoal  (1  lb.  of  saturated  e^ilntJon  of  chloridi?  of  limp  to  150  litn-s  of  spirit). 
On»-third  of  this  qoaatity  of  chloride  of  time  is  howprcr  sufficient,  if,  aft(>r  it  has  been 
mixed  with  the  spmt,  an  equivalpnt  quantity  of  chloride  of  sine  be  added,  hvpophlo- 
rite  of  tine  being  then  formed,  which  is  eaaUy  decomposed  (DingL  pol  J.  clnii.  378). 
Stein  {ibid.  cxxxriiL  429)  causM  the  Tapoor  of  the  spirit  to  pass  through  a  mixture 
of  2  pts.  chiorid*  of  calcium  and  1  pt.  charcoal,  whereby  it  Ls  defuseltsed  and  dehy- 
drated at  the  same  time.  Knop  (Pharm,  Ccntr.  1847,  p.  687)  mixes  the  spirit  with  a 
eolation  of  cupric  sulphat*  precipitated  hy  potaah,  tbeo  adda  excess  ^  the  alkali,  and 
digests  forBorac  lime,  whereby  cuprous  oxide  is  formed. 

The  use  of  lime  alone,  or  of  potunh,  or  of  strong  siilphnric  or  nitric  acid  is  not  to  b« 
recommeoded,  inasmuch  as  the  two  former  exert  but  little  action,  and  the  acids  pro- 
duce compound  ethers,  which  gire  the  spirit  a  peculiar  odoor  not  exactly  that  which 
is  desired,  acd  at  the  same  time  do  not  completely  decompoee  thefusel-oiL  Hiiuefeld 
(Erdmann's  Joum.  f.  techniache  Chemie,  xi.  527)  uses  manganate  of  potasnum  {mmeral 
ehamaUan),  whiL'h,  howeTer,  acts  upfin  the  alcohol  as  wcU  as  upon  the  fusel-oil;  alaa 
chloride  of  lime,  which  girea  the  spirit  a  somewhat  onpleaaaDt  odour. 

MilJk  has  long  been  used  aa  a  di'ftise lining  agr-nt  (Erdni.  Joum.  (.  techn.  Chem.  xt. 
369),  its  action  Kinj;  probably  due  to  the  fat  which  it  contaiu.i.  Breton  (Monitenr 
indostr.  18fi8,  p.  2308)  utates  that  oiive  oil  shaken  up  with  spirit  containing  fusel  oil 
takes  up  the  whole  of  that  impurity,  and  when  the  whole  is  left  at  rest,  settles  down 
»ml  may  be  separated  by  filtration.  For  operating  on  the  laige  scale,  he  recommends 
that  the  spirit  be  filtered  through  a  layer  of  pulrerwed  pumice-stone  slightly  drenched 
with  the  olL  As  soon  as  the  oil  in  tbu  pumice  becomes  sMturated  with  fiiaei-oil,  tba 
filtration  is  intermpfed,  and  steam  at  tbe  pressure  of  2  or  3  atmospheres  is  passed 
through  the  ptimice ;  the  fusel-oil  then  rolatilises,  and  the  oiled  pumice  may  be  again 
ttsed  for  defuaelising.  According  to  Kletziosky  (Dtngl  pol.  J.  cxlriii.  150).  good 
»eda-*oap  dissolrcd  in  spirit  (that  prepared  with  the  oleic  acid  of  the  stearic  add 
manufacture  answers  best)  is  capable  of  retaining  20  per  cent  of  its  weight  of  fusel-oil 
when  tlie  spirit  is  distilled  off  from  it,  so  that  a  distillate  is  obtained  quite  free  from 
fwiel-oil :  4  lbs.  of  soap  are  stated  to  be  sufBcient  for  defuselisiug  1  Pmssiao  eimer 
(about  69  litres  or  16  gallons)  of  spirit,  whatever  may  bo  the  proportion  of  alcohol 
contained  tn  it.  The  soap  after  being  used  may  be  completely  freeti  from  fnael-oil  by 
distillatioa  with  steam  at  a  temperature  ulxjve  100"  C,  and  may  then  be  used  for 
defiuelisiag  fre«h  quantities  of  impure  spirit.  Lastly.  Tandevelde  (DlngL  pol.  J. 
clrii.  240)  states,  that  bmndy  may  be  complelelv  freed  from  fusclH)2  by  oooliug  it  to 
— 16°  C.  the  fhsel-oil  falling  to  the  bottom.  The  brandy  may  then  be  decanted  or 
Altered  and  rectified.     The  statement,  however,  requires  confirmation. 

The  best  mode  of  detecting  the  presence  of  ftt»cl-oil  lo  spirit  is  to  allow  the  spirit  i*i 
eraporate  slowly,  as  by  rubbiog  it  on  the  hand,  or  rinsing  a  glass  out  with  it  and 
leaving  it  to  stand  till  the  odour  of  the  ethylio  alcohol  is  no  longer  perceptiblo ;  tha 
smell  of  the  fusel-oil,  being  then  no  longer  disguised  by  the  alcohol,  becomes  appa- 
rent  Diluting  the  alcohol  with  warm  water  iikewiae  brings  out  the  smell  of  the 
fusel-oiL  The  turbidity  produced  in  silver  fiolutioa  by  JuseTated  spirit  doe*  not  afford 
a  Tery  trustworthy  indication,  since  a  like  effect  may  ^fise  from  the  presence  of  many 
other  Bubsitiinces.  9tein  (Dingl.  poL  J.  civ.  169)s|)lace8  the  spirit  in  a  large  ghisa 
together  with  dry  porous  chloride  of  calcium,  by*^hich  the  ethylic  alcohol  is  gra- 
doally  absorbed,  and  keeps  the  veawl  coTored  for  SQjne  time;  the  odour  of  the 
fusel-oil  becomes  very  perceptible  after  about  two  hours.  (Bandw.  d.  Chem.  2*« 
Aufl.  ii.  [3]  794.) 

TJfBXmJM  MET&&.  Ac  alloy  of  lead,  tin  and  bismutk,  which  mclta  below  the 
tempf  ratmrc  of  boiling  water  (I  fiOl). 

rVSZOV.     See  Hbat. 

PPHTIC.  Two  yellow  dyes  are  known  by  this  name,  tis.  old  fustic,  obtained 
frvim  Mi>rus  tinctoritt,  and  j/oung  fusiic  from  Mw  Ottinus.     (See  Dtmso,  ii.  366.) 

nrSTZxr.     The  name  given  by  Prcihser  to  the  colouring  matter  of  Rhiu  Cotinug, 

PVBTl.  The  radicle  C*H'.  homologous  with  mylyl,  CH,  vinyl,  CH',  &c, ;  some- 
times called  valyl. 

Ditulj»Mdrof^Fuat{l,  C»H»S  or  C**H*S*,  is  obtained,  together  with  other  ]irodttctfl.  by 
distilling  disulph^X'hloride  of  amylene  with  excess  of  potash.  It  is  a  clear,  colouriess 
liquid,  having  a  not  unpleasant  odour,  of  specific  gravity  0-880  at  13°  C,  boiling  at 
112°  C;  insoluble  in  watw,  miFcible  in  all  proportions  with  alcohol  and  ether. 
(Guthrie,  Chem  .Soc.  Qu.  J.  xii.  126.) 
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GABBEO— GADINIC  ACID. 


GABBSO.  The  nanie  givon  bj  the  Italian  artbts,  and  by  L.  von  'Bacb,  to  a  rock 
essontiaUy  compoeed  of  felspar  and  diaUagf,  called  by  the  French  geologiBts  enpbo- 
tido.  Beaidea  the  essential  conHtituenta  jtust  mentioned,  it  contuns  talc,  ampoibote 
or  HTtinoto,  garncti*,  gniina  of  pyrites,  &c.  Thia  rock  'a  abandant  in  the  Aljw.  Il  i» 
found  in  great  qujintity  among  tho  rounded  pebble*  in  the  neighbourhood  of  the  Lake 
of  OoneTV  Von  Buch  met  with  it  on  the  oleTsted  portioas  of  Monte  Boas,  fomuig 
considerable  masses  tmperposed  on  the  micaceoos  achisty  and  mixed  in  eerenl  pboei 
with  serpentine.  The  tops  of  the  mountainB  of  the  territory  of  O-enoo,  which  OT«r- 
look  the  gnlf  of  Spezzia,  are  composed  principally  of  it.  In  Corsica  it  forma  diatiwti 
of  somewhat  conaidemble  extent,  whence  is  aerired  the  Vfrde  di  Corsica,  a  fine  Tarirty 
fif  this  rock.  The  nrro  di  prato,  the  vrrde  di  prat^,  the  graniU  di  gabbro  ct  thi 
Florentines,  are  mert4y  diallages,  habitually  metalloid,  and  mixed  sometimfs  with 
serpentine,  sometimes  with  felspar  or  jade,  which  are  brought  from  the  moiint«ios  cH 
Tuscwny.     (D'Aubisson.)  U. 

Gabbro  is  closely  related  to  eMrpentine  (t.  Buch.  Geoqnoatitht  Beobacktuityfn^x.ii\, 
6.  Rose  (BolL  80c.  jB^^log.  [2]  ir.  106 1)  obsenred  at  Zobtenbet^,  is  SQeflia.  a  strati- 
fied gabbro  interposed  between  serpentine  and  granite,  and  resting  on  the  latter.  la 
lome  places  it  was  conTt'rted  into  a  green  ilate,  at  others  into  serpentine. 

The  ^rabbro,  or  ouphotide.  of  Mont  Gentvre  has  been  e.\amined  by  Delesse  tAon, 
Min.  [4]  iTi.  238").  The  felepar  of  this  rock,  which  containB  water,  belongs  to  the 
triclinic  system  (p.  619),  but  docs  not  constantly  exhibit  the  same  oompositio<i.  ap- 
proaching sometimes  to  labrador,  sometimes  to  vosgite,  sometimes  to  anorthite,  wbieb 
u  also  the  case  in  some  of  the  porphyries  of  the  ?oage«.  This  gabbro  also  enataJM 
magnetic  iron  ore,  frequently  titaniieroua  or  chromiferous  iron  pyrites,  talc,  and  se^ 

Kntine,  the  latter  often  in  such  quantity  as  to  make  it  doubtful  whether  the  rock  shoold 
called  gabbto  or  serpentine.  It  likewise  contains  carbonate^",  generally  a  fxmm 
wirlwnate  with  lime  and  mafniesia,  which  occurs  in  the  felspar  and  d tallage  crystals.  M 
well  as  in  the  general  mH»s  of  the  rock.  The  felspar  is  the  predominating  eonstitneot; 
indeed,  tho  propetrties  of  the  entire  formntion  do  not  differ  mui-h  from  tho^e  of  felspar. 

The  composition  of  tlie  entire  rock  is,  according  to  Delesse,  45*00  silicai,  26-83  alumiu 
«nd  ferric  ozida,  8*49  lime,  13-90  magnesia,  soda,  and  potash,  and  6*7  8  carbooie 
anhydride. 

The  gabbro  of  Odem  in  the  Vosges  contains  the  same  principal  and  SBbordiut* 
constituents.  At  the  points  where  it  touches  the  transition -si  ate,  the  lamiiue  of  met 
penetrate  into  this  rot'lt,  and  the  gabbro  passes  by  insensible  gnidationa,  soaMtiBMS 
into  a  kind  of  tulcose  slate,  sometimes  into  a  serpentine  slate.  The  gabbro  of  Odgn 
contains,  in  addition  to  the  above  constituents,  amorphunsquarte.  calcspar.  alsoepidote, 
«*besto8,  and  small  crystaJa  of  albite  and  axinite.    (Delepse.  Ann.  Min.  [4]  xri.SJS.) 

The  following  are  analyses:  a.  Of  a  tne-grained  gabbro  at  the  entrance  of  th« 
Radauthal,  in  the  Harz,  containing  about  equal  quantities  of  labrador  and  diaUa^p^ 
with  sniiill  quantities  of  magnetic  iron-ore  and  traces  of  iron  pyrites  tmifannly  dis- 
trihnted  through  it  (Kcibel,  Jahresber,  f.  Cheaa.  ISflft.  p.  768):  A.  Of  a  rock  rM«B- 
I'liTig  fiaM>ro,  occurring  on  the  Baharamer  mountain,  near  Christiania,  containing 
aiigite.  or  hornlilende,  and  dialloge,  more  rarely,  black  mica  (Kjerulfi  ihid.  ISii, 

p,  ioon: 

*^  CaCI*.  W«t«  and 

ai(F       Al'O'       FeO     Fe*0*     MnO       MgO        C»0       K*0      SafO  CaF*,  and  L.  w  hy 

P*0^      i^rnitlot). 
4»U        tVl9  S-U        8-5)        003  KM        10-SO        0"2H        tW  tOl*         »&)  a  ItOH 

47-98        »'94       15*90  .    .       ll-M       H-3a       yns       lOTi  13y—  K"** 

On  th«^  jrribbro  of  Neurode  in  Silesia,  see  G.  v.  Rath  (Pogg.  Ann.  xcv.  633  ;  Jahrrt- 
ber.  1856,  p.  990),  On  the  relations  between  the  occurrence  of  gabbro,  greeiutuOif, 
hurnblende-rock,  and  other  allied  rocks,  on  the  one  hand,  and  of  metalliforoos  Teios  on 
the  other,  see  Btirat  (Ann.  Min.  [4]  liii.  3J51  ;  Jahresber.  1847-8,  p.  1284.) 

G-AJBBBOirXTE.     Syn.  with  ScAPOLrrs. 

a&DZlVXC  ACZ9.  A  ctystalline  fatty  acid,  obtained  f^m  cod-lirer  oiL  A 
turl^id  residue  of  this  oil,  after  being  heated  and  then  cooled  to  6°  C,  deposited  em- 
tailine  laminie  of  this  acid,  which  were  purified  by  saponifying  with  sods,  precipitating 
with  basic  acetate  of  lead,  washing  the  dried  precipitate  with  ether,  decompoeang  tbs 
residue  with  hydrochloric  acid,  and  recrystallisinp  from  alcohol.  The  arid  thus  i«ri- 
fied,  melted  between  63°  and  64°  C,  and  solidified  again  in  a  distinctly  crvstalliBe  form 
at  60°.    From  the  analysis  of  the  barium-  and  silTer-aalta,  the  fetnttUA  of  the  acid 

•  CmCI'  =  tyi  1 1  C«F«  -  O-O*;  PH)»  =  OSL 
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WM  eoncludod  to  b«  (T**U"0*JI;  which  i«  roiy  improbable,     (Lock,  Chem.  C«Dtr. 
1857,  191.) 
OAOOXHrTTB.     (Y")'SiO*  or  iYOeiO*.    Ytterb^.    (Dans,  ii.  211 ;  Qm. iii. 

409.) — A  hliiok  mineral,  iiiclininj;  to  brown  or  green.  It  i»  gfutrallv  mnorphoas,  but 
it  oocasiniinUj  met  with  in  moiioplinic  prisms  of  aVkOutllfi".  Clearupp  ira[M>rfprt. 
Transparent  at  the  angles.  Powder,  grpyish -preen.  Harder  than  lelfpar;  readily 
•enitchw  glftAH,  Hanlni'flii  «  65 — 7-0.  Specific  gravity  —  4-0— 4-36.  Gadolinite 
is  found  in  very  anmll  quantities  only,  disiwmjaated  amount  the  pt-gmatite*  in  the 
neighbourhood  of  Fahlun,  and  at  Ytterby  in  Sweden.  It  is  sonietiraes  coated  with 
carbon»te  of  yttrium.  It  is  ii  flilicat«  of  yttrinra,  and  serves  for  the  rreponition  of 
yttrift ;  it  likewis<»  contninR  ft'rrouB  and  cerous  oxides,  together  with  oxide  of  terbiam 
aiid  oxide  of  erbium.  (?)     (Moeander.) 

a.  SjdinUnj  GadtdiniU. — Of  splintery  fracture.  Wljen  this  variety  is  heated  before 
the  blowpipe,  it  becomes  suddenly  incandt'scent,  increases  in  density,  and  lH»conie8  in- 
soluble in  acids,  ffenerally  evolving  a  little  water,  and  swelling  up  to  a  white,  ctiuli- 
llowsr-like  mass.  IMssotves  readily  in  borax,  yielding  a  green  Wd  (from  ferric  oxide), 
Karverfort  gadolinite*  parts  with  hut  little  water  when  heated,  drcs  not  swell  up,  but 
fuses  to  a  turbid,  grejash,  or  reddish  bead.  Splintery  gjadolinite  dissolves  in  bydro-> 
chloric  acid,  with  supanitioD  of  gelatinous  silica :  but  after  besting,  it  is  insoluble, 

b.  Vitrrctui  GatkfliniUr. — Of  conchoidal  fracture ;  becomes  brilliantly  incandescent 
when  gradaally  heated,  turning  greyish -green,  and  swelling  up  aligblly,  increasing 
wmewnat  in  density.  Its  edges  blacken  before  the  blowpipe,  but  it  does  not  fus&. 
BeJiaves  with  borax  and  hydnDcklotic  acid  like  a. 

m.  A,  froin  Ytterby. 

Scherw.  Btrlln, 

Potash 0  19 

Boda 018 

Lime 023 laO 

Mngnesia 0-^4 

Cerous  oxide 7*90 

Oxide  of  T.w"*hininin     ,        .    6*33 

Yttria  .....  44  98 60*00 

Olucina         .         »        .         .  lOLS 

Ferrous  oxide        .        .        .12-13 14-44 

Silica 26-69 26-62 

Alumina 048 


99*42 


100 -65 

aE.L. 


OAXITTZXr. 


A  peculiar  brown  subBtance  contained  In  ood  liver  oiL     (De  Jongh.) 

OAOATZ^.  The  ancient  uajne  of  Jet  (Bioscorides  and  Pliny),  derived  from 
the  rivi-r  (.fa^ufl  in  Syria,  near  the  mouth  of  which  it  was  found. 

OABVXTS  or  Automolite.  iA\'YZn"0*  or  ZnO.Al'O*.  (B«  n *,  ii.  104 ;  Om.T. 46,1 
A  grevniah  or  gTfiyiah  mineral,  eometimea  transparent,  but  generally  opaque.  It  crystal- 
lises in  large  ri?guW  octaihcdrona,  often  forming  beautiful  twin  cr}'8ta]«.  Its  cleavage  is 
octahedral  and  perfect.  Hardness  «  S'O.  Specific  gravity  »  4*1 — ♦S.  Powder,  pale 
bluisb-grcon.     Harder  than  quartz.      Gahnite  has  only  been   found  at  Faliltin,  in 

»  Sweden,  and  at  Franklin.  New  Jersey,  disseminated  amongst  talcose  slate, 
Gahnite  does  not  melt  before  the  blowpipe.  Heated  with  carhoniite  of  *oda,  it  docs  not 
dissolve,  but  concretes  to  a  dark  slag,  which,  when  hiattxl  on  charcoal,  jieUls  an  incmst* 
ation  of  oxide  of  zinc.  Dissolves  with  great  difficulty  and  veiy  spsiringly  in  borax  and 
microcosmic  salt ;  dissolres  in  a  mixture  of  borax  and  carbonate  of  soda,  yielding  a 
■      de&r  beud,  coloured  with  ferric  oxide.     Insoluble  in  aqueous  acids  and  alkalis. 

I  Abi<-b. 

I  Oil 

I      423) t 


Magnesia 
Oxide  of  Zinc 
Ferrous  oxide 
Alumina, 
Snica       . 


CUmiCTIW.    A  gelatin-yiddiDg  substance,  said  by  Morin  (J.  Fhano.  [3]  zxt. 
423)  to  exist  m  milk. 


F&hluD. 

N*.  America. 

.       6-26    . 

2-22 

.     3002     . 

.     S-l-80 

.       685     . 

4-50 

.     6514     . 

.     6706 

.       384     . 

.       1-22 

100-10 

99-88 

C.  E.  L, 
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65-8 

66(M 

27-6 

19-28 

1-8 

3-4) 
20  i 

6-34 

a>8 

7*62 

103-4 

lOo-OO 

Th«  Tftoji  maj  be  extracted  bj  alcohol ;  it  is  of  a  dark  yoUow  colotir,  tna9[«R«^ 
Bud  mdte  easilj  at  the  tcmperatxire  of  the  water* batb.  It  oontAinv,  aa  the  raeaa  »• 
suit  of  Johnston's  anftlyBis,  73-88  p.e.  carbon,  8-46  hydrogen,  and  17-67  oxygen,  Whn 
ht'iittdto  120°  to  130"  *Q:.,  it  yields,  Bmonpt  other  products,  an  ofl  of  a  fiaeindtgo* 
colour,  and  very  soluble  in  alcohol,  to  which  it  imparts  it*  colonr.     (Gerh.  it.  37S.) 

From  the  recent  eiptriments  of  Mossmer  {Ann.  Ch.  Fharm.  cxix.  257),  it  appcan 
that  galbanum,  distiUtd  with  wat<>p,  yielda  about  seven  per  cent  of  a  Tolatfie  oil, 
isomeric  with  oil  of  turpentine,  C"H'",  which,  after  rectification,  ia  colonrltas,  hai  • 
df  HHity  of  0-8842  at  9°  C,  aud  boils  at  IftO**.  It  tBTns  the  pkne  of  polariaatioo  totlM 
left,  its  Bpociflc  rotatory  power  being  01857.  Index  of  refractioii  »  1*4642.  lib 
other  c&mphenes,  it  forms  a  rn-etallijiable  compound  with  hydrochloric  add. 

The  residne  of  the  diutillation  cunsists  of  a  reainons  maais  and  a  torUd  Vqni 
containing  gummy  and  exbrictiro  m^itteis.  ^Thia  liquid,  distilled  with  if^^JtaA 
acid,  yielded  an  add,  the  silrer-salt  of  which  wa«  intermediate  in  eompontM* 
between  tceUte  uid  piopionate  of  MilTer.)    On  boiling  the  icsinoiu  mass  vitJi 


cTyaiauim 
id.    (BJ^ 


OALACTXTX.     A   calcureons  variety  of  natrolite,   found   at   Kilp«tridc  and 

Bishoptown  b  Sttitland.    (Jahr^^slDor.  f.  Chem.  vii  840,  ix.  861.) 

OAZ^AAC  or  BBBA  BITTTISS.  A  solid  fat,  much  reaemMing  palm-oil,  the  pro- 
duce of  a  spedea  of  baaaia  (BoMia  I'arkii),  indigenous  in  the  interior  of  Africa :  alM 
of  another  tree,  resembling  tho  American  oak,  growing  in  West  Africa.  It  soften*  a 
about  36°  C.  (960  F.),,^nd  melts  completely  at  43-3°C.  (110«  F.).  It  di»«..lT«  foirtha 
most  part  in  boiling  alcohol,  and  perfectly  in  cold  ether,  deparating  in  CTystailioe 
needles  by  cooling  or  evjiporntion.  By  Baponificjition,  it  yields  margahc  acid.  {^  " 
Thomson  and  E.  T.  Wood,  Phil.  Mag.  [3]  xxxiv.  360.) 

OA&AVOA  or  ^AfcAarOA^.  A  name  applied  to  several  roots  ,  . 
aromatic  properties.  Two  principal  kinds  are  described,  via.  Galanga  ntinor  «m 
Gtilanga  vMJor,  The  formtr,  which  is  most  prized  for  its  aromatic  propertjea,  is  ob- 
tained' from  a  plant  of  onknowu  speciM  gtowing  in  China.  It  bos  a  reddish  coloor,  an 
aromatic  odour,  and  very  acrid  taste.  'Hie  grraiter  galangal  is  the  produce  of  a  idta- 
roinaceoas  plant,  the  Almnia  Galanga,  of  wildenow,  and  a  native  of  China  and  the 
Malayan  archipelago.  The  roots  are  cylindrical ;  reddish-brown  externally,  and  marked 
with  whitiBh  circular  ringH,  hghter  coloured  externally ;  they  have  an  agreeable  aromatic 
odour,  but  less  powerful  than  those  of  the  lesser  galangal,  and  a  hot  p<-pptry  taste.  Ac- 
cording to  Bucholz,  they  contain  in  100  parts:— 0-60  volatile  oil,  4-60  re«in,  970  ex- 
tractive matter,  8-20  gum,  41-00  mucilage,  21*65  wt»dy-flbre,  and  1230  water. 
The  root  of  Km/nvfrriu  Galanga,  a  scitamiuaceoua  plant,  growing  in  the  mounUinoiu 
districts  beyond  Chittagonir,  and  formerly  supposed  to  be  the  tame  galanga,  yieldi  a 
ciystallisable  principle  cafied  kaempferide  {q.v.)  (Felonse  et  Fr^mj^  7nnf<,vL 
868;  Penny  Ct/clop^ie,  xi  35.) 

OAliAPBCTXra.     See  Hjxlotsitb. 

O ATriB  A  WTtM.  A  gum-reein,  commonly  supposed  to  be  the  produce  of  Balcm 
Gathanum,  an  umbelUferoiLS  plant  native  of  the  Cape  of  Good  Hope.  This,  however 
is  douLtfnL  It  is  tmport«d  &om  Ethiopia  and  other  parts  of  Africa,  and  fri^ni  Penti. 
It  comes  over  in  masBes  composed  of  white,  yellowish,  brownish-yeUow,  and  bfovo 
trara,  unctuous  to  the  touch,  Boftening  betwixt  the  flngen ;  of  a  bitterish,  somewhst 
acrid,  dkagreeable  taste,  and  a  very  strong  smell;  generally  full  of  bitaofitallu, 
le^ives,  seeds,  and  other  foreign  matters. 

Galbannm  contains  more  resinous  than  gummy  matter:  one  pound  yields  vit^ 
alcohol  upwards  of  nine  ounces  and  a  half  of  reoiuooa  extract ;  but  the  grnnmy  extract 
obtained  by  water  trom  the  same  quantity  amounts  only  to  about  three  ouno«a.  Tbs 
resin  is  bard,  brittle,  insipid,  and  inodorous.  The  gummy  extract  baa  MSDCwhat  of  t 
nauseous  taste.  The  whole  smell,  flavour,  and  specific  taste  of  this  jnioe  tende  ia  aa 
essential  oil,  which  rises  in  distillation  both  with  water  and  spirit,  and  girea  a  stroDf 
impregnation  to  both.  From  a  ^und  of  galbimum  are  obtained,  by  distillatiao  witi 
water,  six  drachms  of  actual  oil,  besides  what  is  retained  by  the  water.  Ia  diil 
respect  galbanum  agrees  with  asafiittida,  and  diFeru  from  ammouiacum. 

According  to  the  analysM  of  MeiM&er  and  PdioLier,  galbunum  contains : — 

Beein      » 

Gum       ........ 

Vegetable  mucilAge  .        .        «        •        . 

Volatile  oU 

Water 

Insoluble  matter 
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milk  of  lime,  and  ppecipitottng  the  fiUmtp  with  hydrochloric  «eid,  a  hooey-yellow 
rrrin  WM  obtained,  soluble  in  aleobol  and  ether,  conlAioing  &om  71*93  to  7205  p.c.  car 
boa,  and  8-0  to  8*2  hydrogen,  agrmng  nearly  witJii  Johnston's  analysis  abore  quot«'d. 
Whpn  heated  to  100^  with  alcohoUc  hydrochloric  add,  it  yielded  ambelliferone, 
C'H'O*.  acrfBlalline  body  previouaty  obtained  by  Sommer(Arch.  Pharm.  [2]xcviii,  1), 
by  thedr}-  distillation  of  giUbanum  and  other  rcaina  derived  from  umbcilaoroua  plants. 

(See  UMBELttFEUrnNE.) 

The  purified  galbanum  resin  yields  by  dry  distillation  a  smnD  quantity  of  water  and 
•  greenuh  blue  viscid  aromatic  oil,  which,  after  a  while,  solidifies  to  a  crystalline  pulp : 
the  oil  may  be  separated  from  the  crystalline  matter  by  repeated  boiling  with  water, 
and  filtration  throogh  wet  flltera  The  aqneotu  eotutioo  yields  crystals  of  nmbel- 
liferone.  Tlie  viscid  oil,  after  being  freed  mm  the  last  traces  of  that  sul)t»tance  by 
tmttment  with  dilute  potash,  yields  by  repeated  rectification  a  splendid  blue  oil, 
C*H*0,  which  boils  at  asS**  C,  is  soluble  in  alcohol,  insoluble  in  alknlim,  iw  tvsinixed  by 
bromine,  coloured  green  by  alcoholic  ferric  chloride,  and  ycUowish-red  by  nitric  acid: 
in  a  freezing  mixture,  it  quickly  beoonHfl  Tiacid.  By  distillation  with  sodium,  it 
yields  (a)  a  colourless  oil  CPH",  boiling  at  264";  and  (6)  by  distilhition  with  ph«Bphorio 
anhydride,  a  yeUowiah  oil,  CH^O,  which  boila  between  26QP  aud  253°.   Hcnco  the  blue 

oil  appears  to  b«  an  akohol,       ^   [O,  the  oil  5  an  ether,  r>Hva ( O,  aad  tha  oil  m 

a  hyilride,  O'H*  H.  (Mossmer.) 

OA&SV&.    Native  sulphide  of  lead.    See  Laan,  STn-nnna  ov. 

OA&^N>T.     See  Tobpextijcii. 

OAXtXTAVmc  AOI9.    See  the  next  article. 

OAXtXimC.  The  herb  of  (r<t/f W7n  tie-rttm  and  G.  Ap^rine  eentaiBS  citric  acid, 
pnvi]<itabli.'  ly  neutral  acetate  of  lead;  galitanoic  acid,  a  peenliar  variety  of  tannic 
aciii,  precipitable  from  the  filtrate  by  basic  acetate  of  lead,  and  consisting,  in  the  hy- 
pothetically  anhydrous  state,  of  C*iJ'C**»  (?)  and  rnbichloric  acid  (o.p.),  precipi- 
tnt<*d  from  the  last  filtrate  (together  with  seibaeic  acetate  of  lead)  t^^  ammonui, 
Galitannic  acid  is  most  abundant  in  Galium  vcrvm  ;  citric  acid  in  G.  Aparine ;  and 
ruHchloric  acid  occurs  to  about  equal  amount  in  both.  (Sehwarz,  Ana.  Ch.  Phann. 
Ixxxiii.  57.) 

In  Galium  MoHugo,  L.  (the  entire  plant,  excepting  the  root),  Vielguth  (Chem. 
Cenitr,  1856,  423),  found  a  camphor-like  volatile  oil,  chlorophyll,  fixed  oil,  wax,  resin, 
albumin,  starch,  sugar,  bitter  principle,  oxalic  acid,  a  faanic  acid  which  imparted  a 
grern  colour  to  iron-salts  (aspertannic  acid),  citric  acid,  and  rubichloric  acid.  The 
air-dried  olnnt  yielded  7'6  per  cent,  ash,  containing  14'5  per  cent.  K*0;  6-5  Nh*0;  23*4 
CaO;  7-6  MgO ;  0-3  A1»0*;  06  Fe»0';  trace  of  Ma'OM-3  d;  5&S0";  10-4  P'0«, 
II-l  SiO*;  4  0  sand;  and  15-4  C0». 

OAXX..     So«  BiTLK, 

0&X.KJUWZC  ACm.  C^^O^— Thi5  acid,  which  has  the  compositioQ  of  acid 
galiatj?  of  ammonium  mtnm  1  at  water  (C^H*  (NH«)0*—  H'O],  is  obtained  by  adding  to 
as  alcoholic  solutioa  of  tsonio  a  mixture  of  1  pt  of  a  concentrated  solution  of  sulphite  of 
ammontum  and  5  pta.  of  strong  ammonia,  until  the  whole  smells  strongly  of  ammonia. 
The  object  of  adding  the  snJpliite  is  to  prevent  the  oxidising  action  of  the  air.  The 
liquor  becomes  heatwl,  and  (pudually  deepens  in  colour.  It  is  evaporated  to  dryness, 
and  repeatMly  exhausted  with  boiling  alcohoL  On  evaporating  the  alcoholic  liquors, 
l^illamic  add  is  deposited,  aud  is  reerystallised  from  water  slightly  acidulated  with 
hydrochloric  acid. 

Gallamic  arid  CTystalUsoa  in  beautiful  reetangular  pbites,  havinp  a  fatty  aspect,  con- 
taining 2C'H'N0'  +  3  aq.  At  100^  C.  it  losea  its  water  (13'8  per  cent.).  It  is  very 
npiiily  dpoompDsed  in  ppe8<?ne<;  of  alkalis.  E.  A. 

OAIiXiSaTTBSOirXO  ACIIK     See  Galuc  Actn  (p.  761). 

OAK&BinttXC   ACm.    Syn.  with  METAaAi.ua  Aced. 

OAX.Z.XC    ACES,      C'H«0*  -  ^^' g*?'^"'[  0».     (Om.  xii.  396  ;    Gerh.  iii  857.) 

This  acid,  which  was  diaeorend  by  Scheele,  exists,  ready  formed,  in  many  plants,  and 
is  also  obtained  by  the  metamorphosis  of  ^[idlotannic  acid  (tannin).  It  is  contained  in 
gallnuta,  in  sumach,  Ln  heLlo1x>re  root,  in  dibidivi,  in  the  scorns  of  Quemts  Mgylopt,  in 
green  and  black  tea,  in  Um  ursi  leavec,  in  sandalwood,  in  <x)lchiciun,  in  strychiioa 
bark,  and  in  mo«t  astringent  narts  of  plants. 

To  obtain  it  from  plants  wkieh  at  the  same  time  contain  tannin,  an  infbston  of  the 
plant  is  pri'cipitated  M-ith  gr'latin  ;  the  liquor  separated  from  the  filtrate  is  evaporat4:>d 
to  drynesa,  and  eihrnL^twl  with  alcohol ;  the  alcoholic  solution  is  evaporated  ;  and  the 

I      reaidoc  is  fxhan«teil  by  hoilinp  wwter,  whti;h,  on  fooling,  deposits  galhc  acid  in  crystala. 

I     They  are  purified  by  reiTy^taLlisa'ion  and  treatment  with  animal  charcoaL 
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ChtWic  arid  is,  however,  mnch  more  convMiiently  obt«in6<l  by  the  metamorphoni  of 
Ibp  tnnnin  in  gallnute  (gidluLiutiie  ucid).  The  gttllaula  arc  powdered,  and  cxpr»»«d  to 
tho  air  for  tibout  a  month  at  u  tciafK-rature  of  20^—26*'  C.,  being  kept  eontinuAllT 
mrtist*nrt!.  The  mans  beconips  covered  with  inoald,  which  most  be  eonstantlv  removed. 
At  the  expiration  of  that  timf  it  is  prpsscd.  The  liquor  in  coloured  deep  brown,  but  coi»- 
t.iiiiB  oul>-  a  small  quantity  of  gjUlie  acid,  tho  greftttr  part  of  which  remains  in  the  r«fi«lu«. 
This  ia  extracted  bj  boiling  whTi't,  and  the  crystaia  which  depoeit  on  cooling  are  re- 
dissolved  iu  8  timea  their  weiglit  of  boiling  wat«r,  iind  treated  with  aninud  cfajueool 
This  method,  tbonf<h  the  least  costly,  requires  a  long  time.  The  metomorohocd*  aeeaa 
to  dt-pend  on  tho  action  of  a  kind  of  nitrogenoos  ferment  in  the  gallnat.  If  an  ennet 
of  the  gallnuta  be  employed,  the  metamorphosia  also  takes  place,  bat  mnek 
alowly. 

By  the  action  of  acida  or  alkulia,  gallotanmo  acid  is  reaolred  into  gluooce 
KaUieacid: 

Tkonin.  GalHe  uttd.      OIucom. 

and  thiB  ia  th©  mo«t  convenient  way  of  obtainiag  gallic  acid. 

According  to  Liebig,  the  Ix'st  mode  of  proceeding  ifl  to  precipit«l«  a  &->''"  -  -^ 
tannin  by  aulphnric  acid,  und  introduce  tho  precipitate  into  boiling  dilntt- 
Hcid.    After  a  few  minutes,  gallic  ucid  is  deposited  in  crystals.    They  are  pur 
ftulphuric  acid  by  repeated!  cryBtaUisation,  dissolved  in  boiling  water,  and  ; 
lend  ttdtU'd.     The  precipitate  in  washed,  diflFhaed  in  boiling  water,  and  deoon. 
f<nl|jhuretted  hydrogen.     The  mixturo  filtered  boiling  disposita  coloured  CQ'k^t^  ca 
cuoling. 

Gallic  acid  may  be  also  obtained  firom  tannin  by  the  action  of  alkalis  ;  but  this  pro« 
ei'fw  is  scarcely  to  be  reoonkmendfid,  fhim  the  rcadineaa  with  which  gallic  acid  ■ 
oxidiBcd  in  presence  of  potash. 

Lastly,  gallic  acid  if  produced  bj  the  action  of  hot  ooncentrfttcd  potash -solatioo  oa 
di-iodoaaliq/lic  acid: 

C'H'I'O*     +     2W0     =     CH^O*     +     2HL 


Dlio<lofc»licjlle 


GaIUc  add. 


h  conaiderable  portion  of  the  gallic  add  than  formed  is,  however,  converted  daring  tb« 
procMs  into  pyrogaUic  acid.    (Lautemann,  Ann.  Cb.  Phann.  cxx.  317.) 

Gallic  acid  OTrBtaUifl«(i  in  long  ttilky  needles,  or  in  tricUnic  prinoa.     Obeerred  eoai* 
bioalion,  oP  .  T  .  oo/P  .  ooP' .  ooPoo,      Inclination  of  the  facea,  T  :  ool^w  ■■  9SF>\ 
P  :   00 T  =  126°  20  ;   oofoj    :   »T  =  84*»,    oo/P  :  »P;  =  160°;  T  :  oP  »  ll«*: 
oeJ^oo  ':  oP  «•  about  IfiO'^.     Cle^ivage  pamUel  to  T;  lem  distinct  parallel  Co  afco. 
The  crystala  are  inodorous,  and  have  an  astringent  alightly  acid  tosti^     They  disaoll^H 
in  100  ptB.  of  cold  and  in  3  pts,  of  boiling  wat^r,  and  the  soliution  redden*  U^v|^H 
Thpyaie  very  soluble  in  alcohol,  lesa  soluble  iu  ether.     They  lose  2  at.  ^  9'6  per**^^ 
of  water  at  100°  C. 

Pure  and  diy  gallic  acid  heated  to  210"  or  216®  C.  decomposea  into  pyrogallic 
acid  and  carbonic  anhydride: 

C'H'O*  =  CO'  +  CTI«0». 

Gallic  uld.  Prrogftlllc  add 

When  gnllic  acid  is  kept  for  aorae  time  at  230"  C,  a  browniah,  Inatrooa,  soluble  reaidae 
ia  obtained,  which  precipitates  gelatin,  but  not  the  v^et«ble  alkalii.  (Bflncdioi'i 
gallulmic  acid.) 

"VSTien  gallic  acid  is  rapidly  heated  to  250^  C,  earlionic  anhydride  i»  given  off; 
insteadtifpyrogallic  acid,  a  black  ulmic  compound  i«  obtained,  histixius.  tMsteleai, 
completely  inwduble  in  water.  This  is  metagallic  acid  (y.c.)  It  is  wdnble  in 
alkalis,  and  its  alkaline  sjilta  precipitate  the  ««lts  of  theeortlis  and  mefala. 

An  aqucon*  solution  of  gallic  acid  doea  not  change  if  excluded  ir*>ni  the  air ;  bat  ia 
presence  of  oxygm,  more  eBpecinlly  in  the  presence  of  fdkalia  alao,  carlttnic  anh; 
diaengaged  and  a  bhick  uubNt^mce  deposited. 

Pure  ftiiltic  add  precipitate's  neither  gelatin  nor  the  vegetable  alkalia,  a 
by  which  it  ia  distinguished  from  tjmwin  j  but,  when  mixad  with  gam,  it 
precipitate  with  gelatin. 

Boiled  with    an  exceea  of  potash,  gallia  acid  ia  changed  into  *  bkek 
tanuometanic  acid: 


Gallic  acid 


TanTiom(«lanlc 
Add. 


C0«  +   HK> 


Solution  of  gallic  acid,  mixed  with  and-carbonate  of  cal^um  and  exposed  to  t&e  atr, 
becomes  ultimately  of  a  dArk  blue  colour.  When  the  aolution  is  boiled,  Mrixaal*  d 
caldum  is  depositodL,  wd  the  liqitid  becomes  oolonrlesa,  but  on  cooling  is  again  hlna 
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This  coloration  U  said  by  Wiiokenroder  to  be  due  to  the  formatioa  of  •  peculiar 
ftciil,  called  gillerythronip  or  cyADOsallie  acid. 

Gently  heated  with  coDceatrated  tu^hurie  acid,  gallic  add  lows  the  elemonta  of 
water,  and  bocomea  converted  into  rufigallic  acid. 

By  the  action  of  4  at.  of  cUuridt  of  mdyi  on  gallic  acid,  tetracetylgallic  acid 
15  formed:  qth^  ^  4(C«fl«0Cl)  =  4HC1  +  C'»fl«*0'. 

C«llk  Cbiortdeof  Te(r*c<-t}lvalllc 

Kid.  Kctjrl.  aeld. 

It  OTatdUiaes  in  small  lustrous  needles,  which  ara  diillcixltly  solable  in  water ;  it  is 

deoompoMd  by  the  action  nf  bases,  fonoing  gallates. 
Triacetylgallic  acid,C"H'(C»H»0)'0».  dtbntyrylgallic  acid.C'H*(0*H'0)«O». 

and  dibeoKoylgallic  acid,  C'II\CH*0)*O*,  are  airoilarly  formed.     (Nachbaur, 

J.pr  ChenLlxxU.  i3l.) 

Oalltc  acid  ia  decompoeed  by  permangatuxU  of  pot<utium,  with  dJaengngeiaeot  of 

carbonic  acid  ;  the  decolomstion  of  the  permanganate  ia  so  complete  that  a  volumelric 

method  for  determinLng  gaUic  acid  haa   been  baaed  on   thia  reaction.     (Mori a, 

Gompt  rend  ih-i.  677.) 

"*  ~  llic  acid  reduces  ^nfd  and  *i7tvT  $alts  to  the  metallic  state. 

^       'ic  acid  expek  carbonic  acid  from  its  aalta,'  it  ia  a  tribaaic  acid,  and  forma  tfafM 

^rieaoraalta:  TrimetaUHc  gallate  .  .  .  C'H»M»0» 
Bimetallic  gaUat*  .  .  .  (7H'M»0» 
Monometallic  gallate  .        .        .         (7H'M0» 

Thrre  are  alao  basic  and  acid  compoosds.     The  alkaline  gallates  are  soluble. 

Aluminium-aalt.  This  body  has  no  definite  composition.  When  freshly  pred- 
pitated  hydrate  of  alumina  is  added  to  a  solution  of  gallic  acid,  the  latter  ia  entirely 
precipitated,  while  the  former  is  not  altered  is  appearance. 

An  acid  ammonimn-salt,  C''H*(NH*iO*+ H*0,  is  prepared  by  aatnratiiig  a  solu- 
tion  of  gallic  acid  ta  abaolate  alcohol  with  ammoniacal  gas.  The  salt  which  deposits 
ia  waahwl  with  alcohol,  and  then  dissolved  in  the  amallect  quantity  of  boiling  water. 
It  crystalliaes  in  fine  neodlea. 

The  neutral  or  triammontc  gallate  is  not  known. 

Antimony-ialt. — White  precipitate  obtained  by  the  doable  decomposition  of 
tartar-emetic  and  an  alkiJiiie  gallate. 

Barium- aalt,  C'^H'^Ba'D^*.— Freshly  precipitated  carbonate  of  bariom  is  added  to  a 
boiling  solution  of  gallic  acid,  oa  long  aa  effervenconce  is  produced :  the  liquor  diluted, 
filtered,  and  Bvapordt«d,  yitilils  crystals,  which  roost  be  remored  aa  rapidly  oa  they  are 
pruduced.     The  mure  rapid  the  cuncontraLiou,  the  purer  the  crystals. 

The  calcium-tali,  C"H'*Cn"0'*  +  liiq.,  is  prepared  in  like  manner.  Thin  pale 
yellow  crusts  composed  uf  adherent  needles. 

Cobalt-»al(,  C'H<Co"0*  +  3D»0.— Depoaitod  as  a  crimson  powder  when  ncetate  of 
cobalt  is^  boiled  with  eicess  of  gallic  acid  solution,  and  the  mixture  tvafKjrati^d. 

Lead-salt,  0'^H*Pb"O*  +  aq. — Obtained  as  a  white  precipitate,  which  becomes 
crystalline,  by  adding  acetate  of  lead  to  an  excess  of  a  boiling  tK>lution  of  gallic  acid. 

Basic  laid -mU,  C'<n*Pb«0^».Fb"0.— When  gallic  acid  ia  added  to  an  exccas  of  A 
boiling  acetate  of  lead  solution,  a  white  tluky  precipitate  is  formed,  which,  by  boiling, 
ia  converted  into  a  yellow  crystalline  basic  salt  of  tlio  above  composition. 

Jron-aalt. — Ferric  solutions  colour  gallic  acid  of  a  deep  blue.  When  the  liquid 
ia  hsMtad.  it  becomes  decolorised,  and  carbonic  acid  is  liberated,  the  ferric  salt  being 
reduced  to  the  state  of  protoxide.  Acconiiug  to  Mahia,  port  of  the  gallic  acid  is 
converted  into  metagalUc  acid  (q-v.) 

MaffHfgium-galt,C'R*Mg"0*  +  2H'0.— Obtained  by  boilingacetate  of  magncaium 
with  excess  of  gallic  acid,  evaporating  lo  dryoeas,  and  treating  with  alcohol  to  remnve 
free  gaUic  acid.  The  gallate  of  magnesiom  foimui  a  light  white  powder,  ditiicultly 
voluble  in  water. 

Manganete-tali, C''B.*yLa"0*  +  aq. — Obtained  by  double  decomposition,  as  a  white 
graiiuUr,  crystalline  powder,  which  rapidly  becumes  brown  in  the  air. 

Hickfl-talt. — A  basic  oickel-Balt  of  variable  compositioa  is  prepared  by  treating 
gnllic  acid  with  carbonate  of  nickel. 

Potas»ium-»alt,  2C*H*K0*.C'H*0»  +  H'O.— Aa  this  salt  is  rapidly  changed  by 
conUct  with  the  air.  its  preparation  requires  epecial  precautions.  An  alcoholic  solu- 
tion of  potash  is  graduallr  added  to  an  alc<iholic  s^jlution  of  gnllic  ftcid.  until  the 
precipitate,  which  at  first  disappenre,  begins  to  be  pernianont.  If  the  liquid  bo  then 
agitnlod,  the  precipitat*  sejiarates  in  viliil<^  fl.tkfs.  These  are  filtered  and  washed 
with  ab^ohnl  to  rcm'iro  free  galHc  acid,  and  then  dissolved  in  water,  concentrated,  and 
prccipitati-d  by  alcohol  in  colourloea  needles. 
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So rfi M «•* «<i / ^  C*H*NiiO*  +  3H*0.— Propared  in  the  aame  nuknijer.  atid  cioti*:«ta 
of  fio8  needles,  wbich  lose  their  water  of  crynLallisation  at  100®. 

Strontium-mU,  C'*H'*Sr' O*  +  4H'0.— Proparnd  like  the  bimnm-salt,  and  cod* 
BJiitfi  of  small  needlBd,  little  soluble  in  water  and  iiisdiuble  in  alcohoL 

Tin-salt,  C'H*Sn"0*.Sn"O.— White  cryBtAlline  p<iwder,  obtained  bj- adding  gallie 
acid  to  a  eolution  of  dichloridu  of  tin,  previouidy  neutrnliBed  with  ammoQia. 

Zine-talt,  C^H*Zn"0\Zn"0.— Deposited  aa  a  bulky  white  precipitate  wh« 
gallic  acid  w  added  to  an  excess  of  solution  of  ocetato  of  sine  El  A> 

OAliliXCIirZTB.     Syn.  with  RuntB. 

OAX.^imT'S.  OAXXiS,  or  MTUTOwAXXdi.  Noix  df  gatle,  GatJaf/d.—Yj.- 
crpecenccK  pivduivd  on  thi-  learrs  iind  leaf-stalks  of  the  dyer's  oak  iQuenr^t*  tn/ecUtvt) 
by  the  punctures  of  ihe  Kall-wusp  (Cynipt  fvlii  quercut  s.  DtjMepis  gaU<r  tinttorw\ 
niude  for  the  purpose  of  depoaitin^  the  e^s.  The  excrescence,  in  its  earlj  st^ite.  forma 
a  spongy  mas^,  enclosing  tke  eggs;  at  a  later  stage  it  hardens,  and  is  perfotaled  by 
the  insects  as  they  make  their  escape. 

The  b«8t  galli,  cantaining  the  largest  quantity  of  tannin,  come  from  the  Lerant.  and 
among  these  the  mirst  highly  priznl  are  the  black,  blue,  or  Aleppo  galls.  Thry  tn 
besTy,  compact,  prickly,  uf  blackish  or  brownish  colour,  and  not  eaten  or  perforate! 
The  white  galh,  which  are  leas  Talued,  ore  generally  somewhat  lai^ger,  of  yellowiih- 
grey  colour,  much  lighter,  spongy,  and  perforated  by  the  completely  derelopwd  iocect. 

luforior  kinds  of  gallnuts,  callod  Trieste  galU,  are  obtained  &om  Dalmatia,  lUyhA, 
and  CalaLriu,  whrre  they  grow  chiefly  on  the  Quereu*  Ccrrit:  they  are  smaller,  pnekJ; 
on  the  surface,  and  of  brownish  colour. 

Davy  found,  in  the  best  Aleppo  galls,  26*0  per  cent  tannic  acid,  ppecipitable  Vjy  im- 
ttitT!4«d  animal  membnuie  ;  2'5  mueuji  and  extractive  inatNT;  6'0  gallic  acid;  2*5  cal- 
cium- and  other  salts;  and  63  inBolnhle  fibre.  According  to  Guibourt,  ^tloiii* 
coatain  65*0  per  cent  tannic  acid,  2  gaUic  aeid,  2  elkgic  and  luteogallic  acids.  (h7 
volatile  oU  and  chlorophyll,  2'5  brown  matter,  26  gum,  2  starch,  105  woody fifart^ 
1*3  sugar,  albtuniii,  and  inoiganic  salts,  and  11  water. 

The  ipUls,  or  oak-apples,  of  the  oommoa  English  oak  are  sinularly  constitatod,  bet 
contain  only  a  small  proportion  of  tannic  acid, 

Gidls  are  extensively  used  for  the  preparation  of  ink,  for  the  production  of  black 
and  grey  tJtit^  in  dyeing,  for  turkey-red  dyeing,  and  in  calico  printing.  The  galls  rf 
the  common  oak  and  Qutrciu  Cerris  are  used  for  tunning  in  Hnngary,  Dalmatia  sad 
the  southern  prorinces  of  Austria.    (See  Ure'a  Dicti&nart/  uf  Art*,  &c.,  ii  320.) 

min.  Tanning  principle,  (Devreux,  J.  Phys.  xliL  401. —  Seguin.  Ann.  Clmn. 
xz.  16.=Braconnot,  ibid.  L  376.— Pelletier,  ibid,  boivii.  103.— BerxeHuji,  ihii, 
xciv.  318.— Pelenae.  Ann.  Ch.  Pbye.  liv.  337.— Liebig,  Ann.  Ch.  Pharm.  x.  172.— 
Biichner,  ibid,  liii  176,  349.— Steiihouse,  PhiL  Mag.  [3]  xxii.  417  ;  xxiii.  331 ;  Proa. 
Key.  Soc,  xL  401.— Wethcrill,  J.  Pharm.  [3]  xii.  107.— Mnlder.  Ann.  Ch.  Phim. 
xxxi.  124. — Wackeureder,  J.  pr.  Chem.  xxiv.  28. — Strecker,  Ann.  Ch.  Phann. 
Ixxxi.  248;  xc  328;  Chem.  Soc.  Qu.  J.  v.  102;  PhiL  Mag.  [4],  viii.  167.— Rochleder 
and  Kftwalier,  J.  pr.  Chem.  htxiv.  23  and  399.— Gmu  xv.  449 — Gerh.  iiL  847-) 

This  acid  is  contained  in  the  gallnuta  of  Qturcus  infectoria  and  other  apedes  of  oak, 
in  the  various  species  of  suraaeh  (Stenhousc),  and  in  Chinese  gallouta,  the  excrescencss 
formed  on  the  branches  of  a  trt'C  growing  in  Japan,  which,  accordiAg  to  Schenck 
(N.  Repert.  Pharm,  v.  26  and  SOr!),  is  also  a  species  of  sumach  (J?Aatf  mmiataia,  at 
m.  Chinenait), 

Many  other  plants  contain  sub-etances  which  resemble  gallotannie  add  in  msBj 
respects,  vix.  in  having  a  slight  acid  reaction,  and  an  astringent  but  not  acid  taste ;  ia 
precipitating  albnmin  and  geLstin  from  solution,  and  uniting  with  animal  membnas 
into  a  subsraiice  which  resists  putrefaction,  namely  leather,  the  skin  then  becomiBg 
tanned.  All  these  substances,  cdlr-d  tannic  scids.  or  tannins,  were  original^ 
■opposed  to  be  identical  with  galtotannic  acid,  or  to  differ  from  it  only  in  eooseqiieDes 
of  the  admixture  of  foreign  mutters ;  but  the  more  exact  invpstigation  to  which  theyh»T» 
been  submitted  of  late  years,  has  »hovm  that  most  of  them  diflv*rin  some  essential  proper- 
tie')  from  gall ot^mnic  aeid,  this  acini,  indeed,  existing  only  in  the  plants  aboTQ  roeotioasd. 

The  various  Fpecies  of  tannin  may  be  divided  into  two  genera— those  which  gn» 
bkck  or  blue,  and  those  which  give  olive-green  precipitates,  with  ferric  salts;  and 
Stcnhouse  has  shown  that  most  of  the  tannins  which  give  bluish-black  precipitates 
with  ferric  salts  ore  glucosides,  that  is  to  say,  they  are  n^olved,  by  boiling  witk 
dilute  adds,  into  glucose  and  another  subrfauce — a  property  first  pointAi  ontiB  ths 
esse  of  gallotannic  acid,  which  yields  glncose  and  gallic  acid,  by  Strecker;  whefMi^ 
amoog  those  whicb  give  green '^roci  pi  tales  with  ferric  salta,  only  one,  via.  the  taaais 
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of  willow-baric,  app««n  to  b«  a  g!aco«ide.  Among  the  tanniiu  of  tb«  flnt  dirivion. 
(^itllotjiiinic  Add  in  especially  diHlin^ished  by  yielding  pyrogallic  meid  vh«n 
lieated,  whereas  the  other  tannine  yield  different  products.  (Sk^e  Taj»xij«.) 

Prrjtaration  of  Gallutunnic  acid. —  1.  A  percolating  apparatus  in  half  filled  with 
finr>ly  pulverised  gallnutfl,  and  commercial  ether,  coatauiing  water  and  alcohol,  in 
poured  in.  The  liquid  which  runs  away  aeparates  into  two  layeta,  the  lower  of  whidi 
is  a  heavy,  nyrupy,  amber-coloured  solution  of  tannic  acid,  water,  and  efhw ;  while  the 
upper  is  mobile,  consi^ng  of  ether,  water,  gallic  acid,  and  a  small  qoAnlity  of  tannic 
■dd.  Ether  is  poured  into  the  spparatoa  u  long  ai  the  lower  ftnUam  oontinoea  to 
increaae:  the  upper  layer  is  then  removed;  and  the  lower  ia  repeatedly  washed  with 
eth«r,  and  dried  in  vacuo  or  by  heat  Gallnuta  thus  treated  yield  from  36  to  40  per 
oent  tannic  acid.    (Pelouee^  Ann.  Cb.  Fharm.  x.  146.  210.) 

2.  100  pts.  of  powdered  gallnuta  are  treated  in  the  percolating  apparatus  with  a 
mixture  of  300  pta,  ether,  16  pta.  alcohol  of  90  per  cent,  and  6  pt«.  wati»r  (or  20  pts. 
alcohol  of  69  per  cent.) ;  thc^  residue,  ailer  the  liquid  has  nm  ofi^  ia  twic«  treated  with 
the  same  mixture,  then  three  timrs  with  puxe  ether;  and  the  whole  of  the  eitiscts  ara 
fkbaken  up  together,  and  left  to  settle  for  a  week.  The  apper  of  the  two  layers  thus 
formed  is  decanted  from  the  syrup  below,  the  latter  is  evaporated  over  the  water-bnth, 
nod  the  residue  is  dried  between  100°  and  110"  C.  To  pnriiy  the  tannic  acid  thus 
obtained,  or  by  the  first  procces,  from  admixed  pillie  acid,  ellagic  acid,  voktile  oil,  and 
chlorophyll,  100  pts.  of  it  are  shaken  up  with  100  pta.  water  and  200  pts.  ether, 
wher*"by  three  layers  are  formed,  the  upp«*r  connieting  of  ether,  the  middle  of  aqueous 
g&Uie  acid  and  impure  tannic  acid,  while  the  loweet,  which  is  syrupj,  and  amount*  to 
215  pts.,  leaT4>8,  on  evaporution,  60  pb4.  of  pure  tannic  acid  (Guibourt.  Ann.  Cb, 
Pharm.  xlviii  369).  Mohr  employe)  for  the  extraction  a  mixture  of  equal  vtilumM  of 
ether  and  alcohol  of  90  per  cent.  The  filtrate  is  syrupy,  but  thinner  than  that  obtAined 
by  the  first  method,  and  forms  only  one  layer,  exhibita  hnt  little  turbidity  on  the 
addition  of  a  large  quantity  of  eth(*r,  and  if  7  fluid  ounces  of  ether  are  used  to  2  ounces 
of  gall«,  yields  a  quantity  of  tannic  acid  amounting  to  72  per  ce«t  of  the  galls.  If  a 
mixture  of  4  rola.  ether  and  I  vol  alcohol  of  90  per  cent,  is  ii»«i,  the  extract  has  the 
•aroeoonatitation(Hohr,  Sandrock).  With  Chinese  gulls,  hydrated  ether  acts  better 
than  ether-alcohoL    (E.  Kiegel,  N.  Jahrb.  Pharm.  iii  252.) 

According  to  Strt*cker,  tinnic  acid,  prepared  and  purified  as  above,  cannot  be  fnrther 
resolved  into  different  substances  by  repeatedly  treating  its  ethereal  solution  with 
WMfer,  but  exhibits  the  same  composition  before  and  afttr  this  treatrafnt^  R«x*hledpr 
and  Kawalier,  on  the  other  hand,  regard  the  tannic  acid  obtained  from  gallnats  by 
exhatistian  with  ether  and  water,  as  a  mixtare  still  oontaimng  gallic  and  ellagic  acids ; 
to  iwparate  thps^*  j^ubstunces  they  proceed  as  foUowa : — 

The  Bolntion  of  tannic  acid  in  the  smallest  possible  qnantity  of  wftter.  is  shaken  up 
with  a  small  quantity  of  solution  of  neutral  aoetste  of  lead;  the  filtrate  is  mixed  with 
water,  and  filtered  uj^uin  from  the  very  impure  (annate  of  lead  thereby  precipitated; 
and  the  new  filtrate  ia  precipitated  by  neutral  acetate  of  b-ad  in  three  portions.  By 
decomposing  the  firnt  and  third  of  these  precipitates  with  snlphydric  acid,  and  cxp<'lling 
the  excesa  of  that  acid  by  a  stream  of  carbonic  acid,  solutions  are  obtained  which, 
when  boiled  with  sulphydric  acid  out  of  contact  with  the  air,  yield  a  large  portion  of 
ella^ric  acid.  If  the  tannic  acid  solution,  obtained  in  like  manner  from  the  middle 
portion,  be  precipitated  by  t«rtjir-emetic»  with  addition  of  a  little  carbonate  of  ammonia, 
— the  precipitate  washed  with  hot  water,  and  decomposed  underwater  with  sulphydric 
acid, — and  the  excesH  of  that  acid  <>xpellcd  bj  passing  carbonic  acid  into  the  hot  liquid, 
the  filtnte,  when  left  to  itself  in  vacuo,  becomes  turbid,  and  deposits  a  brown  sub- 
stance. The  solution,  separated  from  this  subetaitoe  by  filtration  and  evaporation  in 
vacao,  leaves  colourless  amorphous  tannic  add,  which,  when  boiled  with  hydrochloric 
■dd,  no  longer  leaves  any  residue  of  ellagic  add, 

Propertifs. — Gallotannic  acid  is  a  ^roiourless,  amorpbons  mass,  remaining,  when  its 
aqueous  solution  iji  evaporated,  in  transparent,  vitreous,  sbining,  fissured,  easily  friable 
lumps.  It  is  inodorous  ;  has  a  strongly  astringent  taste,  not  at  all  bitter  ;  reddens 
litmna  strongly ;  does  not  soften  between  the  fingers.  It  acquires  a  yellow  colour  by 
exposure  to  light,  tvi'tj  in  closed  vessels.     It  do<'8  not  act  on  polarised  light. 

Oallntannic  acid  dissolves  readily  in  wat*T,  forming  a  colourless  frothing  liquid. 
The  following  table  exhibit*  the  specific  gravity  of  aqueous  gallotanic  acid  at  \5P  0 
•ccording  to  Hammer  (J,  pi.  Chem.  Ixxxi.  169) : 
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Oftllotwinie  ueid  is  precipitated  from  ita  aqaeooB  solaUoD  by  sarwiil  aatti,  as  by  sal-am 
moniAC  common  gait,  uulphate  and  aoetata  of  potjuwium  (not  by  nitre  or  GUnl  rr « 
salta,  according  to  Strecker);  by  sulphuric  and  hydrochloric  acid  (Bereel  ios);  {r-n. 
Tery  concentrated  eoluti(>n  by  phoaphorie,  oxalic,  and  tartaric  acid  (Wackenrodrn, 
and  by  arsntic  acid  <  B.»rzeliu6).  When  boric  acid  ia  dissolved,  with  aid  of  h«al, 
in  aqu«K>us  tannic  acid,  the  mass  solidifii^s  on  cooling  to  a  white  jelly,  which  dricb  op 
to  a  bulky,  anow-whita  mass  (Bcrselius).  These  predpiut**  were  regarded  l)^ 
BxneUiM  as  compoanda  of  tannic  acid  with  tnineral  adds ;  but  the  precipitate  thnnrn 
d<jMm  by  Bulphanc  acid  retains,  after  prewure,  only  a  ^mall  and  variable  ouaDtity  of 
sulphuric  acid  ;  that  produced  by  hydrochloric  acid  give*  off  all  ita  hydrochloric  acid 
in  vacuo  over  qoicklime  :  hence  the  precipitates  can  be  n»>;Mrde<l  only  as  niixt«r«  of 
tftnnic  acid  with  mineiul  acida,  produced  because  tannic  ucid  is  le^s  soluble  in  acjdn- 
lilted  than  in  pure  water.     (Strecker.) 

Gallotannic  acid  (UmoItph  in  hjdratrd  more  abundantly  than  in  abaolutf  aimU 
(Pelouze).  According  to  Pelouze,  BoUey,  and  Luboldt,  it  diasolres  but  apttnngij' 
anhydrous  ether,  and,  when  covered  with  it,  remains  perfectly  pnlveRtlent,  « 
to  Strecker  and  othen,  while,  according  to  Mohr,  it  dimolvea  in  oonflider»bl«  <_ 
With  fthcr  containing  water,  it  form!",  after  some  seconds,  a  Tery  heavy  liquid,  ] 
that  which  separatea  in  the  prepumtion  of  tannic  acid  (p.  763).  Of  tiw  two  I 
thus  formed,  the  lower  consiBlB  of  tannic  acid,  which  has  taken  up  the  water  < 
father  and  only  a  very  small  quantity  of  etht^r,  while  the  upper  layer  containa  ether, 
enmli  quantity  of  tannic  acid,  and  the  foreign  substances  tAkea  up  with  it  (Pelonse 
When  tannic  acid,  dried  at  110<'  C,  is  covered  with  anhydroua  ether,  the  eolatiaa 
Btunding  above  the  excess  of  pulverised  tannic  acid.  aft<»r  l>eing  agitated  for  a  consi- 
d«'rable time,  containa  in  solution  only  0206  per  cent.  Ht  S^'C,  and  0  384  per  cent  tt 
ordinary  tempcralures.  On  adding  to  the  ether  half  a  volamp  per  cent,  of  water,  the 
taucic  acid,  which  has  hitherto  b-een  greyish  yellow  and  puirerttlent,  deb'quewf*  to 
brownish  lump«,  and  on  addition  of  a  few  drops  more  water,  to  a  syrup.  After  adilitioB 
of  1  ToL  per  cent,  of  water,  the  supernatant  ether  contains  1-2  per  cent,  timnic  and  m 
jwUiition.  On  coiitinuonwly  dropping  water  into  the  raiiture  and  agitating,  thre*  laym 
arc  formed,  the  InwpNt  of  which  is  syrupy,  and  contains  0'2d7  grma.  t&Qnic  add  la  « 
cubic  centimetre.  The  middle  layer  is  somewhat  liehter  than  the  lowest,  and  coataiaa 
in  a  cubic  centimetre  0"0B2  grms.  tannic  acid  dissolved,  in  a  large  quantity  of  wMv 
and  a  small  quuntity  of  ether.  The  syrupy  iayer  contains  both  ether  and  water,  and  » 
perlmpa  a  tanuate  of  ethy!  and  hydrog«»n,  analogous  to  ethylsnlphuric  acid.  (Bollej, 
Chem.  Soc.  Qu.  J.  xiii.  29S  ;  Ann.  Ch.  Pharm.  cxv.  63.) 

Gallotannic  acid  (cTude)driedftt  150°  C.  remains  pulverulent  when  covered  with  lOpti 
of  anhydrous  ether,  while  the  eupemataut  ether  takes  up  2  or  3  per  cent,  of  «hd  wi> 
stituenta,  chiefly  the  foreign  substances  miied  with  the  tannic  acid.  Water,  ritW 
present  in  the  ether,  or  subsequently  added,  is  greedily  absorbed  by  the  tannic  tetd, 
and  causes  it  to  deliquesce  to  a  viscid  mass  or  a  syrup,  which  does  not  mis  with  tb* 
excess  of  ether.  Whi^n  a  folution  of  100  pta.  tannic  acid  in  100  pta.  water  is  mixid 
with  160  pts.  ether,  the  liquid,  if  agitated  and  left  at  rest  at  a  temperature  of  IS^C 
ftepinitea  into  three  layers,  the  lowest  of  which  haa  a  specific  pavity  of  1-07,  takes  sp 
hulf  the  total  space,  and  contains  40*5  per  cent  tannic  acid,  42*2  ether,  and  17^ 
W!iter.  The  middle  layer,  which  hsa  a  density  of  1"02,  contains  14-16  per  cent,  taaait 
acid,  I0'09  ether,  and  7o76  water;  the  uppermost,  of  density  0-752,  iji  chiefly  fth* 
containing  in  solution  small  quantities  of  foreign  matters  and  water.  AIao,  when  i 
erms,  tannic  acid,  39  grms.  ether,  tind  20  grma.  water  are  shaken  up  together  and  I 
left  at  rest.,  three  layers  are  formed,  the  loweet  of  which  increases  by  continual  agits 
nt  14-5°,  at  the  expense  of  the  upper,  till  it  occupies  S6*6.  and  the  upper  17*5  pt^< 
the  entire  space,  the  middle  layer,  which  remnins  unaltered,  occupying  20  pts. 
bt^ttom  layer,  when  removed  with  the  pipette,  is  found  to  be  soluble  in  4*6  to  t  ' 
of  water,  more  abandantly  in  lukewiirra  than  in  cold  water.  But  if  watecr  be  at 
the  mixture  as  it  stunda.  divided  into  three  layers,  a  quantity  equal  to  11  timei^ 
v.iJumo  of  the  lottom  layer  will  be  required  to  diseolve  it  (the  top  layer  at  the  <  ' 
time  diminishing  to  f )  bi^cauae  the  water  dissolves  the  bottom  layer  only  aofitf  i 
CAD  take  up  ether.  Water  saturated  with  ether  dissolves  only  }  of  the  bottom  lajrer. 
The  b.ittom  layer  is  therefore  hydrated  tannic  acid,  containing  ether  in  solntvic;  »h» 
middle  layer  is  water  oontaining  ether  and  tannic  acid ;  and  the  top  layer  is  r/Aerwtucb 
hm  taken  up  water,  tannic  acid,  and  the  foreign  conatituonta  (Lubolt,  J.  pr.  Chea. 
IxviL  367).  According  to  Mohr,  ou  the  contrary  (Ann.  Pharm.  IxL  362X  ue  Wnt 
of  the  three  layers  contains  t^innic  acid  dissolred  in  water;  the  middle  layer  ttanie 
noid  dissolved  in  ether.  This  statement,  and  another  made  by  Mohr  to  the  efict  that 
tjinnic  add  deliquesces  to  a  syrup  in  aobydrous  etber,  and  that  by  addition  of  maet 
tannic  acid,  the  ether  may  be  completetj converted  into  this  ^ymp,  ai«  not  Kcotidlabk 
with  the  eJtperimests  above  deecribed.  ^ 
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Tti'  Tiicid  fljmip,  which  scparotM  at  the  bottom  of  the  mixtare  of  gallotanjiic  acid, 
WHter,  AD(1  ether,  unites  urith  the  vtipernataQt  ether,  on  Mddition  of  a&ohol,  to  a  thin 
filternMe  liijuid.     (Mohr.) 

GttUotannic  itcid  disaolTes  in  acetone,  with  eTolation  <iX  heat,  the  solution  drying  ap 
to  a  jellj  uid  Iftaring  a  powder  which  haa  the  uapeot  of  eAllotannic  acid.     (Knop.) 

Galbtdnmcaciddo*^  notunite  with  urea  (Hlaaiwetz,  vVein.  Aluid.  Ber.xx.  208).  It 
docs  not  diiwolre  in  picamar  (p.  162)  even  st  the  boiling  heat(Reichenbach,  Sehw. 
J.  Ixriii.  365).  It  dijiHolrea  iu  6  pts.  glyarin  (Cap  and  OaroK  J.  Pharm.  [3]  xx.\i. 
81)  ;  in  bitttr  ahtumd  oil,  in  almoat  all  proportions,  the  Balution,  which  turns  brown  io 
contact  with  the  atr,  slowly  deponting  crystals  of  bonsoic  acid  (Knop).  It  diMulvea 
in  othtT  oils,  both^«<i  and  vnlaiile. 

Dttiction  and  Estimntion  of  Gallutannic  y4ci'<f._>Thia  acid  is  precipitated  from  ita 
aoueous  eotution  bj  mineral  acids,  as  a  gclatinoua  nrnsa  inaolnble  in  exceaa  of  the  acid. 
W  ith  frrric  salts  it  form«  a  bliuah-black  precipitate;  with  ferroua  oalta.  this  precipitate 
forma  only  as  the  solution  is  gradually  oxidised  by  oxpoeure  to  the  air.  With  tartaf* 
tiitetic  it  forma  a  white  gelatiDoua  precipitate.  With  solation  of  gelatin,  it  forma  a 
white  precipitate,  not  absolutely  insoluble  in  water,  unleas  the  tannic  acid  is  in  excess^ 
in  whidi  case  tbt>  precipitat<>  is  grDyifih,  and  afigregated.  to  an  eUstic  mass.  It  is  owing 
to  this  property  that  taiinic  acid  combiia's  with  animal  akin,  forming  leather.  It  In 
entin-ly  rcmorcd  from  a  solution  by  immersing  in  it  a  piece  of  skin  ;  and  the  add  may 
b<>  eafimuted  by  detenniniag  the  iocrewe  in  weight  of  the  akin.  With  most  oryanu! 
alkaloids,  gallotonnic  acid  forma  white  oompounds,  ioaoluble  in  water,  solable  in  aeetio 
acid. 

Estimation  of  Gallctannic  Aeid  in  Gall-nut*,  fe. — 1.  The  aqueous  extract  is  mixed 
with  solution  of  gelatin,  as  long  as  a  precipitate  is  thereby  produced,  the  quantity  of 
tiinnic  acid  which  the  same  solation  of  gelatin  (or  another  of  kmown  strength)  is  capable 
of  precipitating  having  been  determined  by  a  previous  eipcrimrnt  (Wheeler,  Mem. 
Chem.  Soc  iii.  319.— Feb  ling,  Pharm.  Centr.  1863,  872.— G.  Miiller,  Chem.  Centr. 
1R59,  42).  MiiUcr  mixes  tlie  gelatin-solution  with  \  pt,  alum  to  acc<*l<»rHte  the  clartfl- 
cation  of  the  liquid.  To  obviate  the  necessity  of  filtering,  or  waiting  for  the  slow  de- 
I>0!»ition  of  the  precipitate  towards  the  end  of  the  experiment,  Wheeler  dips  into  the 
solution  a  Rla8»  tube  loosely  closed  at  the  bottom  with  sponge,  and  tries  wliether  the 
gelatin  solution  which  enters  the  tube  still  gives  a  cloud  with  solution  of  gelatin. 
— 2.  Stoin  mixes  the  aqueous  extract  with  a  known  volume  of  a  standard  solution  of 
neutral  acetate  of  Ifad,  dilutes  the  mixture  to  a  given  volume,  mmI  determint«  the 
quantity  of  lead  remaining  in  a  mRasnred  portion  of  the  filtrate  (Scbwciz.  polyt. 
Zoistchr.  ii  180.) — 3.  Monier  (CompL  rend.  x!vi.  677:  Dingl.  cxlviii.  2U9)  mixes  the 
aqueous  extract  with  solution  of  permnnganatc  of  potassium,  which  rapidly  decompoaes 
tannic  acid,  thcqunntity  of  tannic  acid  which  this  solution  is  capnM*'  of  decomposing 
having  bet>n  previuufly  determined. — t.  Hammer  (J,  pr.  Chem.  Ixxxi.  159)  determines 
the  pppcific  gravity  of  the  solution  (p.  763),  both  before  and  after  the  removal  of  the 
tannic  acid  by  addition  of  about  a  fourfold  quantity  of  animal  skin  which  bus  been 
HofteniHi  in  water,  pressed  between  linen,  then  washed,  driinl,  *nd  pulverised. 

On  the  estimation  of  tannic  acid  see  also  Fr.  MuUer  (N.  Br.  Areh.  xxxriii.  147\ 
Lfiwenthal,  J.  pr.  Chem.  Ixixi-  lfit>);  Handtke  (»W(/.  IxxxiL  345);  H.  Sackui 
{_Uef>er  den  Grrbprocess,  Dissn-tat.  Berlin,  1860). 

Decompoaiiions, — 1.  Qallo-tnnnic  acid  heated  to  160°  or  IflO**  C.  becomes  darker  from 
incipient  decomposition  fStrccker);  at  215"  it  ia  resolved  into  water,  carbonie  anhy> 
dride,  and  pyro^IIic  aad,  whii>h  volatilise,  and  mettigallic  acid,  which  remains.  At 
'HtfP  only  metagallic  add  is  formed,  without  pyrogaliic  acid  (Pelouse): 

C*»H»0"  -  4C^*0»  +  SCO»  +  3H»0; 
MeU«*Uic 

and  C"H«0'*  =  3C<H«0»  +  C«H«0«  +  3C0«. 

■cid.  Acid 

The  two  decompoaitiona  may  go  on  simultaneonsly,     (Strecker.) 

2.  GaUotannic  add,  heated  in  a  platinum  spoon,  decrepitates,  uodergoca  semifbsioD, 
swells  up,  caxboDisos,  takes  fire,  and  burns  with  a  bright  flame,  leaving  an  eaaily  com- 
bustible einder  (Berzelius). — 3.  Exposed  on  a  watch-glass  to  itrongly  oronised  air^ 
it  acquires  a  yellow  or  yellow-brown  colour,  becomes  glutinoua  and  fluid,  strongly  acid, 
trom  formation  of  oxalic  acid,  and  if  the  action  be  continacd  long  enough,  disappeara 
completely,  being  converted  into  water  and  carbonic  acid  (Schonbeio,  J.  pr.  C%«Tn. 
IxxxL  12).  Aqueous  gallotannic  add,  through  whiob  ozonised  air  is  parsed,  ab- 
sorbs it  quii'kly  and  completely,  beeomfle  daric  brown-red.  then  again  lighter,  and 
forms  oxalic  add  and  a  eubstanoe  iriueh  rodncea  cupric  oxide,  these  products  being 
decomposed  by  tbe  further  action  cf  the  oxone,  so  thai  the  liquid  ultimately  leaTM 
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but  linle  residue  when  eraporatcid  (Oomp-Besrinez,  Ann.  Cb.  Fharm.  cr,  IMV 
When  a  ynry  dilate  aqucouB  Bolatlon  of  gullotunnic  acid  ia  exposed  to  the  dtr,  i| 
boi'omes  turbid,  from  separation  of  grcj  crystalline  gallic  acid ;  oxygen  is  abfiorb«d  at  tin 
same  tinns  and  an  equal  volume  of  carbonic  aohydndc  is  produced  (PcIodm).  Aifunn 
gallotannic  acid,  eyaporated  -with  aid  of  heat  in  open  vessela,  leases  a  brown,  tran^ 
lucent  mass,  which,  when  treat«d  with  water,  Icarea  a  dark>brown  residae ;  and  hj 
repeated  evaporation  and  ro-8olutioQ,  a  further  quantity  of  the  same  enbetaace  ia  ob- 
tamed  (Berxelius).  Tliis  realdue  ia  the  oxidietd  tannic  acid  of  the  older  chemttu, 
Prroxide  of  hi/dr<tg<m,  trad  oxygenated  oil  of  turpentine,  do  not  produce  any  perceptible 
alteration  in  gallotannic  acid.    (Schonbein.) 

4.  Aqueous  gallotannic  acid  dissolves  finely  divided  iodine. — 6.  Aqneona  iodir  and 
eliminateg  from  gsliotannic  arid  even  in  the  cold,  carbonic  anhydride  mixed  with  a  nnall 
quantity  of  carbonic  oxide  (Mil  Ion,  Compt.rend.  xix.  272). — fl.  Brtrmine  acts  violently 
on  gallotannste  of  potaeaium,  and  forms  a  brown  resin  (Cahonrs,  Ann.  Ch.  Pbys.  xix. 
607). — 7.  By  a  email  quantity  of  cAfonw^,  aqueous  gallotannic  add  is  clouded,  colourwl 
brown,  and  altered  in  the  eame  manner  as  by  evaporation  in  contact  with  the  air;  a 
larger  quantity  of  chlorine  decompo»eB  it  completely  (Berzelias).  Cblorate  of  po- 
tamium  acarcely  exerts  any  action  upon  iL     (Simon.) 

8.  Strong  sulpkmie  aetd  dissolves  jjallotannic  acid  with  lemon-yellow  rar  brown* 
yellow  colonr,  beoomes  purple-red,  and  gives  off  solpharooA  acid  when  moderat«Jj 
neated  ;  and  at  a  stronger  heat  beoomea  pitch-black,  and  forms  humlc  acid  (Wacken- 
roder).  By  boiling,  or  by  continued  digestion  at  a  moderate  heat,  -with dii utr  $a!. 
phuric  acid,  gallotannic  acid  is  resolved  into  gallic  acid  (Liebig),  and  dextroglneow» 
(Streeker,  see  p.  762).  Small  quantitieit  of  ellagic  acid  and  humous  cabstanees  are 
likewise  formed,  probably  aa  aocondary  products  (Streeker).  Acetic  add  is  not  pn>- 
duce<l  in  tliis  reaction.     (Liebig.) 

9.  When  gallotannic  acid  is  boEed  with  aqueous  hydrochloric  acid  oot  of  contact  vitk 
the  air,  ellagic  acid  and  sugu  are  5lmo«t  always  obtained,  their  quantities,  howcTtr, 
not  bearing  any  definite  proportion  to  one  another.     (Boehleder  and  Kawalier.) 

10.  Nitric  acid  does  not  precipitate  iiqaeonii  gnllntannic  acid,  or  with  difficulty  only, 
but  colours  it  yellow,  then  red,  and  dccf»mp<>so9  it  quickly  with  formation  of  aabc 
acid  (Stenbouse).— 11.  When  aqueonspnllotannie  add  is  mixed  with  aqoeooi  onric 
oHd  of  the  strength  of  3  per  cent.,  an  inodorous  deep  blue  liquid  is  formed,  traiupaROt 
only  in  thin  films,  and  leaving  on  ovajH>ration  a  black-blue,  amorphona,  uiaolal' 
layer.  On  dissolving  this  residue  in  aqueous  o!>mic  acid,  osmic  oxide  is  Beparst«d.t 
reaction  being  accelerated  by  heat ;  and  the  rwi-brown  filtrate  obtained  after  bcidl  _ 
the  liqnid  with  ammonia  }iel<l9,  by  eTaprfrntinn,  brown  cryHtalline  needles  and  a  hi- 
mou9  subvtance.  The  needles  contain  oxalic  acid,  and  an  acid  very  much  like  avbetie 
aind.     (Buttlerow,  J,  pr.  Chem.  Ivl  207.) 

12.  Gallotiinnic  auid,  boiled  with  exoeits  of  weak  pota»h-Ly,  yields  gmllie  acid 
(Liebig,  xii  398).  The  solution  separat-ed  from  the  gallic  acid  does  not  cootaia 
acetic  acid.  By  prolonged  boiling,  the  gnUie  acid  is  resolved  into  carbonic  and  pjru- 
gitliic  acids.     (Liebig.) 

Wlieji  gallotiinnic  acid  is  treated  with  aikali»  in  a  current  of  hydroi^n.  jjallic  acid 
and  a  gum,  C'H^O",  are  produced  (Rochleder  and  Kawalier,  Wien.  Akad.  Be. 
xxT.  6dS). — 13.  Gallotannic  acid  boiled  with  hydrate  of  barium,  yields  gallic  add  tad 
glucate  of  barium  (Rochleder  and  Kawalier).  Baryta  or  umewat«r  in  auMi 
quickly  colours  gallotannic  acid  green,  blue,  red,  and  yellowish-brown ;  acids  deeoknn 
the  eolulion.    (Wackenroder.) 

1+.  When  gallotannic  acid  is  boiled  for  several  hoars  with  an  equal  wetf^ht  of  a 
tidphite  of  sodium  or  potassium  and   12  pts.  of  wat-er.  or  when  the  solution  is  ( 
rated  till  it  froths  up  in  viscid  bladders,  a  quantify  of  gallotnnnic  acid  is  obtained,  i  ^    _ 
to  75 — 79  per  cent,,  and  6  or  6  per  cent,  of  a  ueoond  body,  which  has  th«  compoaitioa, 
but  not  the  properties,  of  sngar.     (Knop.) 

Ifi.  Chromic  acid,  heated  with  an  aqneons  solution  of  gallotannic  acid,  qoiddy 
decompotiefl  it,  with  evohition  of  carbonic  anhydride  (Hiine f eld,  J.  |)r.  Cb«m.  sri 
361).  Acid  chroro^tc  of  potassium  produces  a  yellow-brown  precapitat«.  which 
quickly  turns  black  (Wackenroder).— 16.  Peroxide  of  manganese  heated  withaqoe- 
ouH  gallotiuintc  acid,  with  or  without  sulphuric  acid,  decompose*  it,  with  evolation  of 
carbonic  anhydride  and  formation  of  brown  extractive  matter.  No  gallic  acid  is 
produced  in  this  reaction  (Hiinefeld).  'Bj  permanganate  of  potassiurtt,  aqiumi» 
pallotanuieacid  is  rapidly  oxidised,  thesolution,  if  concentrated,  giving  off  carbonic  anhj- 
dridt^.  In  this  reaction,  a  bodyof  undetermined  constitution  is  produc**<l, besides  earlcnJc 
acid  and  water  (Mo  nier.  Gompt,  rend.  xlvi.  577).  One  milligramme  of  ..n. (,„,.;„ 
acid,  dis-solved  in  a  litre  of  water,  is  sufficient  to  decolorise  the  acid  st'i 
permanganate  (M  o  e  i  c  r ).    When  permanganate  of  potassium  is  added  to  a  -  _      ;  i 

I  loltttion  of  gaUotaniuc  iid^  \.\ve  cQ\o%a  oC  Ike  ^rmanganat«  disappears  qnickly  at  &t»t  ( tbs 
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Hqnld  becoming  jelloir  and  then  coloarlesa) ;  more  alowly,  if  s  portion  of  (ha  gtOotloaic 
acid  liu«  bifn  decomposed,  bo  that  the  instant  at  which  th«  lut  portion  of  th«  gallotuinto 
trid  diMppMTB  cannot  be  rMOgnis^  with  certainty ;  100  pta.  pllotannic  acid  take  np 
aboat  60  pts.  oxygen  from  the  permanganate.   (Mohr,  7>Yn>frurA,2  Aufl.BraunMh.d21.) 

17.  Gallotannic  acid  reduces /«Ttc  tolutumt,  partiallr  at  common  temperature*,  com- 
pletely at  the  boiling  heat,  to  ferrous  8olution»  (Wackenroder;  see  p.  768).— 
18.  From  ntjrric  m]t\  it  reduces  cuprous  oxide  ;  firom  mercuric  chloridty  mercnrons 
chloride ;  from  solutions  of  mercurcua  or  m<rcuric  oxidt^  it  g;radually  throws  down 
metallic  mercuiy  (Wackenroder).  Carbonate  0/ stiver  i»  reduced  by  gollotannic 
acid,  even  in  the  cold.     (Sehiff.  Aon.  Cli.  Phono,  cix.  66.) 

19.  Aqueous  gallotannic  acid,  whirh  remains  unaltered  when  not  exposed  to  the 
air,  decomposes,  with  erolutioa  of  carbonic  aobyt^lride  and  formation  of  gallic  acid  —  if 
it  remains  in  contact  with  the  nitrogenous  constituents  of  the  gall-nuts;  therefore,  in 
infusion  of  ^U*)  uid  more  quickly  in  gall-ootfl  moistened  with  water  (Robiq net, 
Pelouse).  Ellagic  acid  is  formed  at  the  same  time  (Erdmann,  Mulder).  The 
formation  of  mould,  which  commonly  takes  place,  has  no  influence  on  the  transfomui- 
tjon  (Winckler,  Rdport.  63,  401).  The  deeonipositi on  takes  place  eren  in  closed 
▼enels  (Nesenbeck,  Br.  ArcL  xxxi.  129),  ana  more  qiiickly  in  proportion  as  the 
solution  of  tannic  acid  ia  more  dilate  (Kobiquet).  The  transformation  may  be  re> 
garded  as  a  femieutation  process,  inasmuch  ua  it  is  stopped  or  retarded  by  antiseptic 
substances,  ss  alt^hol,  wood-Tuiegar,  creosote,  mercuric  oxide,  and  corrosive  sublimate, 
and  gall-nuts  freed  from  tannic  acid  excite  rinous  fermentation  in  solution  of  sugar 
(Larocque).  The  pectase  of  the  gall-nuts  is  the  ferment  which  excites  the  gallons 
fermentation,  and  the  simultaneous  coDTersioD  of  the  pectoee  into  pectin.  The  pectase 
tif  gall-nuts  is  also  capable  of  couTcrting  the  pectin  of  fruits  into  pcctic  acid  ;  and  pec- 
tase from  turnips  can  excite  the  gallous  fermentation.  Gallotannic  acid  prepared  with 
ether,  but  not  purified,  still  contains  sufficient  pectase  to  give  rise  to  its  decomposition 
when  dis(K)lTe<l  in  wat^r.  Emulsin,  yeast,  vegetable  or  animal  albumin,  and  legumtn 
Jv'tard  hither  (ban  promote  the  gallons  fermentation.     (Robiquet.) 

0«llot«iinate«  or  TaxiUAtca.  Gallotannic  acid  ia  tribasic,  forming  neutral  or 
triinrtallic  saiu,  having  the  composition  C*'H"M'0'^ ;  likewise  acid  and  bane  salts. 
Ail  these  salts,  however,  alter  qmckly  in  contact  with  the  air,  and  are  difficult  to  ob- 
tain pure ;  hence  but  few  of  thpm  have  been  analysed.  The  acid  exfwls  carbonic  acid 
from  carbonates,  and  forms  predpitatea  with  the  solutions  of  most  metallic  salts. 

Tannate  of  Aluminium. — Hydmto  of  aluminium  shftken  up  with  aqueous  gallo. 
tasnic  add.  quickly  unites  with  it,  forming  a  compound  which  is  insoluble  in  water, 
but  soluble  in  excess  of  tannic  acid* 

Tannatf  of  Ammonium,  C"IP'(NH«p"  (?)— Carl»onate  of  ammonia  added  to 
aqueous  tannic  acid,  throws  down  a  white  precipitate,  which  changes  to  a  white  powder 
in  Taeuo  (Bcrzelius).  An  excess  of  carbonate  of  ammonia  causes  the  white  pred- 
pitate  produced  at  first  to  disappear  immediately,  and  the  liquid,  after  standing  for 
some  time,  scqtiires  a  red-brown  colour,  and  deposits  light  white  flocks  (Buchner). 
Ammonia  gas  passed  to  saturatioo  into  a  solution  of  tannic  add  in  absolute  alcohol, 
throws  down  white  flocks:,  or,  if  the  solution  is  very  strong,  a  wliite  resin,  which  l»e- 
oonea  friable  when  repeatedly  treated  with  absolute  alcohol  This  snbslance,  dried 
twUr—B  filtering  paper,  and  then  over  oil  of  vitriol,  fonna  a  reein  having  a  faint  brown 
tint,  and  very  soluble  in  water,     (Buchner.) 

The  Bait  dried  over  sulphtme  acid,  gives  by  analysiN  .51*.'?  per  cent,  carbon,  46  hy- 
drogen, and  3  3  nitrogen,  agreeing  approximately  with  the  formula  alcove  given. 

Tannate  of  Antimony  is  a  white,  gelatinous,  sparingly  soluble  precipitate,  ob- 
tained by  mixing  solution  of  tartar-emetic  with  gallotjiunic  acid.  Its  composition  re- 
■embles  that  of  the  ferric  salt     (  P  e !  0  u  r  e. ) 

Tannaif*  of  Barium.^-a.  Biiryta-wnter,  added  to  aqueooB  gallotannic  acid, 
throws  down  a  basic  salt  (Berzelius).  The  predpitate  dissolves  in  aqueous  gullo- 
tannic  add,  not  in  excc^ss  of  baryta-water;  it  turns  green  when  left  to  stand,  or  washed 
in  contact  with  the  air,  also  if  it  has  been  prepared  with  barpta-water  not  in  exeese. 

h.  When  carbonate  of  barium  is  added  to  aqueous  gallotannic  add  as  long  as  eflTer- 
TMeence  takes  place,  the  liquid  then  filtered,  and  the  filtrate  conopntrated.  only  small 

auaotities  of  flocks  separatr*  on  cooling,  bat  alcohol  added  to  the  brown  solution  throws 
own  a  white  light  powder,  wb'oh,  after  washing  with  alcohol,  turns  brown  in  drying. 
e.  From  warm  aqueous  solutiotw  of  alkaline  tannates,  chloride  of  barium  throws  down 
a  white  precipitate:,  pparingly  soluble  in  cold  water,  more  soluble  in  boiling  water 
(BerKeliufi).  The  light  flocculcnt  predpitate  assumes  a  very  faint  reddish  colour 
when  washed,  and  after  drying  at  lOfP  C.  contains  39-7  percent.  C,  28  H,  36-8  O,  and 
30^7  BaK)  (Bachner).  S tracker  regards  the  salt  as  a  miztorc  of  tribarjrtic  and 
dibarytic  tannater 


768 


GALLOTANNIC  ACID. 


Tannate  of  Cadmium, — Hot  aqneoiu  gallotaiuuc  add  throws  dovn  fim  < 
■Uiua-«alt8  A  white  prectpitAtc,  which   assumes    a  jellow-gTvca   coloiir  sImb  i 
licoomra  Bnhjdroas  at  100^,  aod  oontainft  214  per  ceat.  CdO.     IiMolnhle  in  wtur 
and  in  alcohol      (Schiff.) 

Tannate  of  Calcium  is  obtained  as  a  white  precipitate,  on  mixing  the  cmocs- 
tntt^  Kilations  of  tannate  of  ammonium  and  chloride  of  calciam ;  the  pi«ei|nUle '» 
M>lahle  in  pure  water.  When  a  oolution  of  gallotannlc  acid  i»  mixed  wrth  eseca  4 
hydrate  of  lime,  a  nearly  insoluble  batie  salt  is  produced,  the  solution  retatnigg  (all 
traces  of  gaUotannic  acid. 

Tannate  of  Chromium.  (?)— Chromic  hydrate  forms  with  aqneonji  l 
acid,  an  inHoIoble  compound,  which  is  likewise  precipitated  on  mixing  a  Bolation  { 
c'.iromicMlt  with  gallotannic  acid  (Berzelius).     According  to  H.  B««,  chmoucl 
are  not  precipitated  by  infusion  of  galls. 

Tannatt  of  Cobalt. — CobdtHialta  iorm  a  yellowish  pi«dpitat«  vith  in 

pillB. 

Tannate  of  Copper  is  precipitated  in  bulky  yellow  flocks  on  adding  gallo 
acid  to  a  solution  of  cuprie  acetate.     If,  on  the  other  hand,  the  oopper-calt  be  i 
by  drop*  to  solution  of  tannin,  a  reddish  white  precipitati*  is  formed,  eo 
soluble  in  ammonia.     According  to  Wackeoroder,  the  ammoniacal  solacion  ia 
cipitated  by  aalphydric  acid. 

Tannate  a  of  Iron. — Ferrovt  Tannate  is  a  white  gelatinoua  precipitate^! 
on  mixing  the  concentrated  solutions  of  ferrous  sulphate  and  gallotannic  acid. 
solutions  give  no  precipitate. 

Ferric  Tannate. — When  a  nuxtupe  of  gallotannic  add  and  a  ftrrooa  salt  is  ( 
posed  to  the  air,  the  precipitate  quickly  acquires  a  bluish-block  colour,  being  ovdiird 
to  ferric  tannate.  This  black  precipitate,  which  forms  the  colouring  matter  of  comiseQ 
ink,  is  produced  immediately  on  niiiing  a  ferric  suit  with  cicesa  of  gallotannic  r^^^^ 
The  reaction  is  very  delicate,  indicating  the  presence  of  the  smallest  traces  of  f 
Hcid.  If.  on  the  other  hand,  the  tanuin  solution  is  added  drop  by  drop  to  an  exx 
the  ferric  salt,  no  predpitate  is  formed,  the  liquid  not  eren  becoming  eokfvrsd;  1 
the  gaUctannsc  acid  is  oxidised,  and  the  ferric  salt  reduced  to  ferrous  salt.  The  aune 
dnction  takes  place  when  the  black  precipitate  of  ferric  tannate  is  boQed  wHh  an 
of  tannic  add,  eurbonic  acid  being  then  evolved,  and  the  mixture  becoming  ooloodat 
The  black  predpitate  dried  in  tlie  air  contains  1202  per  cent,  ferric  oxide,  i 
nearlj  wtiii  tbp  formula  C"U"Fe'"0*»,  which  requires  1192  per  oent,  Wia 
on  the  other  hand,  found  the  quantity  of  iron  in  the  precipitate  obtained  by 
tannic  acid  with  ferric  salts,  very  variable  ;  the  only  way  in  which  h«  obtained  a  t. 
Btant  compound  was  by  precipitating  ferrous  sulplute  with  gallotajuiie  acid,  and  { 
posing  the  precipitate  to  the  air, 

Tannatta  of  Lead. — These  salts  rary  in  oompoeition  according  to  the  pfopoitJois 
of  the  solutions  used  for  precipitation ;  the  variation  extending  from  3  to  10  ntums  iif 
lead  for  27  atoms  of  carbon  (S tracker),  a.  On  mixing  a  solution  of  gallotannic  scisl 
with  a  quanti^  of  lead-acetate  not  sufBciont  for  complete  predpitation,  a  white  jt*- 
ctpiLate  is  obtained,  which  beeomea  slightly  brown  on  oxpt>snre  to  the  air.  Whco 
boiled  with  water,  it  loses  part  of  its  acid,  and  leaves  a  compound  wntainmg  34' Jl 
percent,  lead-oxide  (Renelius).  This  salt  probably  contains  C*^'*Pb*0"(eaJak- 
tion  a6'2  per  cent,  lead -oxide). 

Gallotannic  acid  heated  witJi  lead-oxide  gives  off  4'4  per  cent,  water,  whidi  is 
equivalent  to  the  substitution  of  3  at.  lead  for  3  at.  hydrogen ;  the  salt  thus  ptDdacol 
ia,  thereforo.  also  the  neutral  salt,  C*'H»»Pb*0". 

b.  Anuther  tanuate  of  lead  is  obtained  on  pouring  a  solution  of  gallotannic  aad 
into  a  boiling  solution  of  acetate  of  lead.  A  villuw  pulverulent  precipitate  is  tivm 
formed,  which  mny  be  obtained  of  constant  comp^niition,  by  boiling  it  for  shoot  s 
qnancr  of  an  hour  in  the  liquid,  in  pivsenc©  of  excess  of  the  lead>a«eiate  sod  fits 
acetic  acid.  It  is  nearly  insoluble,  and  when  dried  at  100°  C.  contains  202  prf 
cpiil.  oirbon,  M  hydrogen,  and  aS'O  to  63-8  per  cent,  protoxide  of  lead,  answmnit 
to  the  formula  C»«H*»Pb*0".flPbO,  which  requires  20  2  C.  11  H,  and  «80  PbO 
(Liebig,  Ann.  Ch.  Pharm.  ixvi.  128).— c.  The  precipitate  formed  by  adding  dilate 
aqueous  tannic  ftcid  to  excess  of  lead-acetate,  if  collected  after  a  few  minutes'  boilii«, 
and  drirtl  in  tucuo,  contains  88  2  percent.  (.-,  10  H,  17  1  O,  and  63-7  PbO.  aanrer- 
ing  to  the  formula  C»*U"Ph'0»«.7PbO  -f  SH^O  (calculation,  186  C.  1-3  H.  1666  0, 
and  fi4<ft  Ph»0).  When  h^-ntwl  to  120'  U,  it  gives  off  its  water  (1564  pn  ctrntj. 
and  then  contains  647  p.'r  emit.  PLO»  tinswering  to  the  formula  C^H*Pb»0*«.7rt-0 
(Strecker). — d.  When  a  hikowarm  aquarms  solution  of  gallotannic  acid  is  pr»dpi- 
tat^<d  with  excess  of  acetate  of  lead,  and  the  precipitate  washed  with  boiUng 
water,  it  contains  24-8d  per  cent  C,  140  U,  and  52  80  PbO,  agreeing  nesrlj  with 
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the  fbnnolft  C»«H"PV»0".3PbO  +  SH«0  (calculation  26  11  C.  171  H,  21  09  0, 
and  6209  Pb*0).  At  120^  0.  it  ^TM  off  its  8  atoma  of  water,  amountiog  to  2*2  per 
cent.     (Streckor.) 

Tannatr  of  Magnetium  is  obtitioed  as  a  sparingly  soluble  basic  salU  bj  digest* 
ing  the  aqueous  add  viib  hydrate  or  carbouate  of  magQcsiam  ;  if  the  magneaia  is  used 
in  exeess,  the  liquid  retains  onlj  tzacea  of  tannic  acid. 

Tannatea  of  Merourtf. — The  mercuric  salt  is  a  hriek-red  precipitate,  insoluble  io 
excess  of  meronric  nitmte,  bat  soluble  in  hydrochloric  acid,  the  solution  fjradually  be- 
ooming  turbid,  from  formation  of  mercorous  chloride.  The  Durcurotu  tail  is  obfained, 
on  mixing  the  Relations  of  mereuroDS  nitrate  and  gallotannate  of  potasiium,  as  a  yel- 
low precipitate,  which  diasolTea  in  exoess  of  mercorotu  nitnte,  the  solntion  gradually 
depositing  metallic  mercury. 

Tannatr  of  Nickel. — Greenish  white  practpitata. 

Tannate  of  Platinum.  (?) — Tincture  of  galls  added  to  solution  of  platinic  chloride 
throws  down  pale  jpUow  flocks. 

Tannate*  of  Potassium. — On  adding  alcoholie  potash  to  a  modemtely  coneen* 
tinted  alcoholic  solution  of  ^lotaonic  add,  till  red  veins  become  Tisible  on  the  mrfao* 
of  the  liquid,  white  cryH^Uine  flakes  are  produced,  which  when  washed  with  alcohol, 
pressed  and  dried,  are  converted  into  an  earthy  salt,  ytnj  soluble  in  water,  and  con- 
taining 45-0  per  cent  C,  30  to  8*1  H,  and  13-2  to  13-3  KH>,  agreeing  approximately 
with  tie  formula  C"H»K*0" (calcuktioD,  46-1)  C.  28  H,  and  13-6  K»0). 

Another  potassium-suit,  white,  pulverulent,  and  le«s  soluble,  is  obtained  by  dropping 
a  moderately  concentrated  aqueous  solatiou  of  gallotannic  add  into  a  solution  of  car« 
bonate  of  potassium. 

Tannatf  of  Silvep: — Aqueous  gallotannic  add  forms  a  brown  predpitats  with 
oxide  or  with  nitrate  of  silver. 

Tannatf  of  Sodium,  which  appears  to  contain  C^H»NaHy'  (at  100°  C).  is  ob- 
tained  in  the  same  manner  as  the  corresponding  potasstam-salt  After  drying  over 
the  water-bath,  it  forms  a  light,  earthy  mass,  whtch,  when  suspended  in  water,  be- 
comes glndnotis  like  gum-water,  and  dissolves  easily  in  a  larger  quantity  of  water.  It 
contains  on  the  average  4G-6  per  eenU  carbon,  3*3  hydnwen,  and  100 anhydrous  soda, 
the  above  formula  requiring  48*9  C.  3*0  H,  and  93  Na*0. 

Tannatf  of  Tantalum.C?) — Infusion  of  galls  colours  tantalie  acid  yellow,  andprs- 
cipitates  tantalic  anhydride  of  the  SHme  colour,  from  its  acid  and  alkaline  solutions. 
The  light  yellow  precipitate  is  soluble  in  alkalis.     (Rose.) 

Tannattt  of  Tin.  (?) — Both  stannic  and  etannoiu  hydrate  digested  with  infusion 
of  galls  decolorise  it,  and  appear  to  abstract  all  the  tannic  add.  Infusion  of  galls  pre- 
eiptates  ttonnic  chloride,  also  Btannous  giilts. 

Tannatt  of  Titanium.  (?) — From  hydrochlorate  of  titanic  oxide  neutralised  at 
nearly  aa  possible  with  ammaaia,  aqneoiu  tannic  add  throws  down  yellow-red  flocks 
(Pfaff).  From  acid  solutions  of  titanic  acid,  inAision  of  galls  throws  down  a  thick 
chocolate-coloured  precipitate.  Tannic  acid  colours  alkaline  molybdatt*  deep  blood-red, 
and  on  addition  of  hydrochloric  acid,  a  blood-red  precipitate  is  formed  which  diaaolTSS 
in  a  laige  quantity  of  water.     (Boss.) 

Tannate  of  Tungsten,  (?>— Infbrion  of  galls  produces  no  alteration  in  the  solntiaa 
of  an  alkaline  tang«tat«,  but  adds,  added  to  the  mixture  throw  down  a  thick  chocolate- 
coloured  predpitste     (Rose.) 

Tannate  of  Uranium, — Tincture  of  galls  fbrms  with uranic  salts  ared-brown 
predpitate.     (Rose.) 

Tannate  of  Vanadiunt,(?) — With  sattsofvanadie oxide,  aqneouiigallo-tannicsdd 
forma  ablnish  inky  mixture,  which,  when  left  to  stand  quietly,  depodts  a  black  predpitate. 
Vf'i^  alkaline  vanadate*^  infaaion  of  gallft  Brat  gives  a  green,  then  an  inky -black  colour- 
ing ;  the  mixtuTd  diluted  with  a  tai^  quantity  of  water  forms  a  door  dsirk  blue  liquid, 
which  gradually  turns  green  in  cont«rt  with  the  air.  The  concentmtcd  mixture  may 
bo  used  as  on  ink,  but  changes  in  contact  with  the  air,  the  black-blue  colour  passing 
into  green.  The  writing  is  donible  and  withstands  the  action  of  hrdrochloric  aci^ 
of  chlorine,  or  of  alkalis,  but  is  destroyed  by  •ocoeniTe  twatroent  wjth  chlorine  and 
alkalis  (Berselias),  or  by  nitric  add  (Kraut). 

Tannate  of  Zinc  is  a  white  precipitate  obtained  by  adding  an  alkaline  tannats  to 
sulphate  of  sine. 

OA.Z.XiS.      ^^  (1«.IXNDT8  (p.  762). 

ca.l.XiaTOVBS,^    The  general  composition  of  these  concretions  in  man  and  in  the 

ox,  as  dctemiined  by  Dr.  Thudichum.  hnn  been  already  stated  in  the  article  BatAST 
Caicum  (i,  /iSS).     The  SBmo  nnalyrt  ba.«  recently  mH<ie  a  more  minute  exnminflti<m 
of  »«p<-«raen  of  ox-galbton«,  in  wbieh  ho  hsia  found  the  following  constituents: 
Vol.  [1.  3  D 
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GALLULMIC  ACID  — GAMBOGE. 


phatc,  Bad  in  combiiMtioa  vHH  cbol<v 

chrome  and  cbolie  acid. 
Chloride  of  sodium. 
Chloride  of  ammoninnL. 
A  compcmtid  aninioiii»>bMe. 
A  matter  having  •  rnj  xepoIflTf*  i 

uid   another   haring   tlM  fUvov 

rooak. 
Itod  in  the  form  of  oxide  and  ] 

AlnmipR, 

Mangaoese. 

Copper,  a  trace. 

Zinc,  in  considerable  quantity. 


01yeocholat«  of  sodltun. 

Cholonatc!  of  wxlinm. 

Salt  of  resinoiu  acid  related  to  the  pre- 
ceding. 

Cliolic  acid,  partly  combined  with  lime. 

Cholo'idic  acid. 

Choloohrorae,  free  and  combined. 

Traces  of  choleeterin  and  fatty  acidii. 

A    new   oi^ganic    compound  eolnble   in 
eth*T. 

A  sulphide  emitting  solphtiretted  hydro- 
gen with  acids. 

Lime  and  magnesia  aa  carbonate,  phoe- 

The  bulk  of  the  calcoli  was  made  up  of  cholochrome ;  next  in  smoont  were  1 
biliary  adds  and  tlieir  salts :  then  camo  lime  and  tine  and  the  new  oiganic  < 
the  other  ingrediente  were  present  in  amall  qountity  only. 

The  preaence  of  zinc  ia  certainly  remarkable ;  its  presence  was  probably  doe  to  I 
aeeideotal  cause,  as  from  the  animal  baring  licked  wood  coated  with  Kiikc-|»iat. 

For  the  method  of  analysis,  see  the  original  memoir  (Chem.  8oc  J.  zir.  M), 

CIAX.&T7X1ICZC  ACn>.    See  0AI.UO  AcTO  (p.  760). 

OAXtVAmSM.    8«e  EucTiticmr  (p.  412). 

OAliVAVOmiTEX.  An  instrument  for  measaring  the  £arce  of  a  , 
eniTfuL  It  IB  oiti-ii  upplied,  however,  to inatramenta  which  merely  indicate  the  j 
of  a  current,  (p.  46u). 

OA&VAJrovXtjLBTT.    SyzL  with  £usoTBO-nrij:.LinM}T  (■«•  Ur^» 
of  Art*,  Sec,  ii.  88). 

OA&VAXOBCOF&     The  proper  name  for  instruments  which  indicate  the  < 
tence  of  g&lTAnic  currents  without  measuring  them  exactly  (p.  44d). 

aASXaxm,    See  Ca^tzchu  (L  816). 

OAAESQGS  or  GA.IHB0OB.—  Gornme-ffutie,  Guminigvtt, — This 
appcarb  to  bt'  produced  from  tbe  Staloy mitts  camhogimdet,  a  tree  beloogillgtothal 
01  the  Guttiftra,  and  grow-iDg  in  the  peninsula  of  Cambogia,  in  Siam.  Froff 
hraiaed  leares  and  yellow  branches  of  this  tne,  there  flows  a  yeOow  juice,  which  i 
eeired  in  cocoa-nut  shells  or  carthea  vessels,  then  allowed  to  thickoi,  and  after* 
formed  into  ro1I&  This  is  the  finest  sort,  called  ike  pipe  gamboge  of  Siaok,  A  porttoaii 
alio  formed  into  round  cakes,  either  entire^  or  having  a  hole  in  the  middle.  Gamboge 
ii  also  ppoduced  in  Ceyton ;  and  an  inferior  sort  ia  said  to  be  obtained  from  the  Gtm- 
boffia  gittiOj  a  tree  Rowing  wild  on  the  Malabar  coast. 

Gfamboge  occurs  in  pieces  of  yarions  eix^,  of  a  dirty  yellowish  colonrext 
oorered  with  a  yellow  powder.  When  broken,  it  exhibits  a  Titreous  or  < 
fracture,  with  brown  or  saflfron-yellow  colour.  Its  powder  is  of  a  brilliairt  yellow,  j 
fonns  an  emulsion  with  water.  It  is  nearly  inodorous  at  ordinary  temperaturea,  tut 
giTes  out  a  very  peculiar  odour  when  heated.  When  simply  takesi  into  the  mooth,  it 
hits  sciipcely  any  perceptible  taste,  but  if  chewed  for  some  time,  it  causes  a  sharp  srw*- 
what  acrid  feeling,  ending  in  a  sweet  sensation,  accompanied  by  diTneas  in  the  raoaffc. 
It  afterwards  excites  a  flow  of  saliva,  which  is  coloured  yellow.  It  is  a  dnstiep«> 
gHtire. 

Gamboge  dissolves  in  alcohol,  in  resins,  and  in  ammonia.  Tha  ammoniaeal  solstiai 
forma  a  red  precipitate  with  salts  of  barium,  yellow  with  stM  nlti,  rsdd^-yeUow  iritli 
acetate  of  Uad^  and  brownish  yellow  with  nitrate  of  siivgr. 

The  following  analyses  of  gamboge  are  by  Dr.  Christison : 


Flpe-c«Bbote 
froai  SUm. 

74-2       71'6 
21-8       24-0 

4  8        V8 

tram  SUm. 

Ccjrloa  giBliai*. 

Redn 
Gum    , 

Amylaceous  matter 
Woody  fibre 
Moisture 

643       650 

207       197 

6-2        6-0 

4-4        62 

40        46 

68-8 
207 

6-8 
4« 

71-6       72-9      :H 
18-8       19-«      18-4 

67         4-8        06 

....        48 

100-8     100-4       99  0     100-5     lOUO       960       96^      99  3 

Cake  gamboge  is  not  entirely  a  natoral  product,  but  a  manufactured  article. 

The  resin  contained  in  gamboge  is  easily  separated  by  means  of  ether;  it  i« 
hyseinth-red,  and  yields  a  powder  of  a  very  fine  yellow  colour.  It  pmisMllli  BlfllM 
acid  properties,  decomposing  alkaline  carbonates  at  the  boiling  heat,  and  forming  with 


GAMSIGRADITE-  GARNET. 
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I 

I 
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the  alkaliB  red  aalta,  which  may  b«  separated  from  their  »olatioDa  by  common  salt,  liko 
■oap*. 

According  to  Buchner'i  analyaia,  ths  ramn  contains  7204  per  cent,  carbon,  7*23  hy- 
drogen, and  2073  oxygfD  (mean),  and  its  silTer-sa]t>  187  per  cent  oxide  of  ailretr, 
whence  Buchner  deduces,  for  the  Pesin  the  formola  (^H*0^*;  and  for  the  Bilver-salt 
the  formula  (^IP*0''.A^O.     Johnston  aeaigan  to  the  K-sin  the  formula  C**£P*C^. 

Chlorine  turns  the  resin  whitei,  and  decompoaei  iL  Nitric  acid  decompoMS  it  at  the 
boiling  heat,  forming  oxalic  and  picric  adds. 

Oambojfe  ii  sometimwi  usfd  in  mftdieine  as  a  pttrgafiTe,  but  its  HdmiAistratioD  re- 
qnira  great  caution.     Its  principal  use  i»  as  a  pigment  in  water-tv>lour  painting. 

Yellow  juices,  which,  when  in»piei?ated,  form  a  substance  resembling  g«mbog«,  arw 
obtained  from  sereml  tree«  of  the  guttiferouH  and  hypericaceous  tribes,  Some  of  them 
gire  good  colours,  but  less  permanent  than  that  of  real  gamboge.  An  artificial  gam- 
boge is  sometimes  manufiictured  with  turmeric  and  other  materiahi.  This  shomd  be 
rejekited,     (Oerh.  iv.  474. — Penny  Cydopttdia,  vi.  178.) 

OAMSXO&ABZTX.  (fireithaupt,  Jahresber.  1861,  p.  986.)- A  black  amphi- 
bole  trom  tho  timazite  (ff.u.)  of  Qamsigrad  in  Serria,  where  it  occurs  in  ciystalp  ex- 
hibitiug  the  iLfuitl  combinations  of  hornblende.  Hardness  »5  — 6  (on  the  ordinary 
scale,  7  on  that  of  Breit  hanpt) ;  specific  gravity  «  8'119.  It  is  volvef.-black.  with  a 
ghiasy  lustre,  opaque,  and  j-irlds  a  greoQish-grey  streak.  According  to  E.  MiiUer.  it 
medta  very  easily  and  quiiMly  before  the  blow- pipe,  to  a  greenish  black,  strongly  mag- 
netic ghias.     It  is  but  sligtidy  attacked  by  hydrochloric  acid.    It  contains : 


sio* 
4658 


Ai»0» 
13-a8 


13-38 


HnO 

6- WD 


MsO 

8-44 


c«o 

8-83 


317 


K*0 

1-00  -  99-94 


OAjrovs.  The  stones  which  fill  the  cavities  forming  the  veioa  of  metals,  are 
called  the  ganguo  or  matrix  of  the  ore. 

CAJrOKATITXt     Syn.  with  CTHXIfOOOPBOLm  (L  867). 

OJhSJUiCSmc.  A  product  obtained  hj  treating  the  waste  madder  of  the  dye- 
hoQsea,  which  still  contains  a  certain  quantity  of  allaarin  and  other  colouring  matters, 
with  sulphuric  acid,  to  remove  lime,  magnesia,  &c.  It  is  adapted  for  dyeing  red  aud 
black,  but  does  not  afiurd  a  gootl  purple.     (See  Madobk.) 

mkMAMCTK.  The  product  obtained  by  treating  pulrorised  madder,  previously 
exhaustMl  with  water,  with  concentrated  ssulpburic  acid  at  100<^  C,  and  again  washing 
with  water.  The  residue  thus  oltainpii,  i»  found  to  yield  better  reeults  in  dyeing  than 
nmdder  itself,  the  coloum  produced  by  it  being  more  brilliaot,  and  requiring  less  after* 
treatment,  while  thi>  wljite  portions  of  the  fabric  remun  onsnllied.   (See  mas/omiL) 

aA&aSireTZ&BlTfi.     Syn.  with  STII.BITB. 

OASCZHX&  llSjur<K>8TA]«'&(Kegin  of).  The  crude  resin  contains  879  per 
cent,  pure  resin  st»Uiblt>  in  alcohol,  8  3  per  cent  gtun  eoluble  in  water,  and  S'8  per  cent 
insoluble  m&ttej,  consisting  of  woody  fibre  and  earthy  substances.  The  reaidne  obtained 
by  evaporating  the  alcoholic  solution  is  a  transparent  amorphous  mam,  having  a  lemon- 
yellow  colour  when  pttlveriMd,  easily  soluble  in  alcohol  and  ia  elher,  only  partially 
soluble  in  alkalis.  It  melt*  at  llO*^'  C,  and  consists  of  C^IP'O':  The  ammouiacal 
eolution  of  the  purified  resin,  forms  with  neutral  acetate  of  lead,  an  egg-yellow,  gummy 
precipiutei,  which  when  dried  at  110^,  is  said  to  contain  iPbO.CH^O*:  The  residue 
obtained  by  evaporating  the  amraoniocal  eoludoa  ia  greenish,  melte  at  80°  C,  and 
consists  of  CS^  0'*,  The  portion  insoluble  in  anunoaia  is  pale  yellow,  melts  at  1 1 6", 
and  consists  of  C**H*^C^.  (K.  Reitler,  Cham.  Centr.  1858,  pp.  MO  and  675; 
Jahresber.  1858,  o.  449.) 

Tke  rind  of  the  fruit  of  this  tree  is  need  ia  the  East  Indian  Islands  as  a  remedy 
(.gainst  fever  ;  it  contaID!^  a  »ubstunce  called  man  gas  tin  (7.V.) 

O&aSEWXJL  0&.AJrszr^O&A.  A  Chinese  plant,  the  pod*  of  which  yield 
croc  in  (p.  108.) 

OAS.M'ET.  Grfiict  Granat. — This  name  compreheitdi  ■  vtririj  of  nrineniU, 
all  orystAllising  in  the  mnaometric  or  regular  eystem,  and  pgirostnted  by  the  geoenl 
fonnula  3AfaAf'0».2€5iO'  (Borselius),  ZMO.i\f'0'.dSiCP  (Groolin).  or  M'ii»i'SiO* 
(Odl  i  ng) ;  wherein  M  =:  Ca,  Mg,  Fe,  or  Mb,  and  m  =  fr.  al,  or  nn*  Thus  a  variet} 
of  subntancos  art  met  with  difieriag  in  composition,  but  identical  as  to  their  constitu- 
tion, knoirn  generally  as  garnets,  but  baring  each  a  distinctive  name.  According  to 
Trollv  Wachtmeister.  all  giirnets  maybe  considered  as  mixtures  of  the  following  kinds 
of  garnet  in  varying  proportions.  The  names  inclosed  in  brackets  ufter  each  formula 
deaignate  the  varieties  of  garnet  in  which  that  particular  compound  predominates ; 

1.  Cafl/SiO'  {Cinnnmon'riime,  Grottuiaria  and  vhit*  ffatruiX 

2.  MgaSiO'  {BS nek  garnet  from  Arendal). 


3  02 


:  fMo. 


772 


GARNET. 


MncWiO*  (Onrnet  from  North  America  and  from  Biwldbo). 
Feo^iO*     (OrirnUl  Almandiw  nnd  othor  red  precious  garneto). 

(Common  yellow,  brown  and  \Anck  garnot;  also  S£daMt»\ 

[(These  oomponinds  do  not  predonunaUi  in  &07  known  ipe- 
I     cioB  of  gurnet). 


Mg/"*SiO* 
Fe/eSiO« 


Pyroj>9,  which  consist*  principolly  of  the  compoonds  1,  2.  and  $,  is  charadeTind  bj 
containing  chromium,  which  probablr  replHC«8  part  of  the  alumiaiam. 

Garnet  crjBtallisea  in  rhombic  doaeeanedroneoeO  {fig>  178)  or  txapaaohedrons  SOt 
ify.  180),  more  frequently,  however,  in  the  combinations  obO  .  ooOeo  {fig,  201),  ud 
obO  .  202  {fig.  208).     CleaTsge  imperfect  p&raUol  bo  odO.     (Eopp.) 

Ths  formuk  Cao/SiO*,  where  Oa  ib  p&rtlj  replaced  b;  Mg,  Mn.  and  Fe.  vaA  ai  by 
/e,  likewifie  bt>louga  to  TcruTuin,  wliich,  howeTer,  ctystalliMfi  in  forms  of  the  dimetne 
system;  hence  the  chemical  compound  repnseDted  by  this  formula  is  dimorphcnu. 
When  grosaularia  from  Wilai  is  melted,  it  beoomee  undistingnishable,  both  phjsieil^ 
and  chemicollj,  from  fus«d  vesnrian  £rom  the  same  locality. 

Garnets  are  generally  transparent  or  translucent,  rarely  quite  opaqa« ;  their  coloos 
Taiy  from  red  or  red-biown  to  yellow,  white,  green,  and  buck,  accoitling  to  the  metallic 
oxides  which  they  contain.  They  have  a  vitreous  or  resinous  lustre.  Specific  graxily 
—  3'lfi  to  4-3.     Hardneaa  <=  6-6  to  7'fi,  or  rather  greater  than  that  of  quartz. 

Garnet  melta  readily  before  tbe  blow-pipe  to  a  transparent  glass ;  behifres  vrth 
fluxes  like  vesurian.  The  fused  glass  has  %  lower  apecifio  grsrity  than  0UMt 
Garnet  from  Greenland  baa  a  specific  gravity  of  3 "9  ;  after  ftuion,  only  8'06.  GsMt 
is  generally  not  att^icked  bv  hydrochloric  acid,  iinlefls  it  contains  a  laige 
lime,  and  then  only  partially :  but,  after  fusion,  it  may  be  entirely  dc 
hydrochloric  acid,  with  separation  of  gelatin  oujs  ailica ;  a  red  heat  15  •nffietest 
purpose  when  tbe  garnet  is  rich  in.  lime.    (KobelL) 

The  following  are  analyses  of  garnets: — 1.  C.  Omelin  (Berr.  Jahrech.  t.  SS4)t— 
2.  Klaproth  {Bntrdge,  v.  138).— 3.  Tr.  Wachtmeister  (KongL  Vet«oak.  Yin. 
1823).— 4.   Croft  ((r.  Bosr,  Reue  nach  dem   Urai,  p.    132).—^.    WachtBeisto 

(foe.  cit).—6.    Hisinger  (Scbw.   J.   xxi.  268) 7.    Kobell  (»*»rf.   Ixiv.    JMV- 

8.  Seybert  (SilL  Am.  J.  vi.  166).— 9.  Hisinger  (Berz.  Jahreab.  iL  101).- 
10.  Kersten  (Karst.  Arch.  f.  Min.  iv.  388).— 11.  Wkohtn»«iftter,  {ice  at\ 
^12,  Vauquelin  (J.  Phys.  1,  94).  — 13.  Damour  (Inatilut.  I806,  p,  U98),- 
14.  Wachtmeister  (Pogg.  Ann.  ti  1). 

LitM-aamet, 

»0"     ArO»    Fe»<P    FfO     MnO     M«0  CaO 

1.  Ceylon,  dnnamon  ttone  .  38-80  2120     GfiO 81-25 

2.  Wilui,  Grouularia  .  4400  8-60  1200  .  .  trace  .  .  SS-50 
8.  „  „  .  .  4066  2010  6-00  .  .  0-48  ,  .  84-88 
4.  Urals,  vi\iU  .        .        .  3686  2410 3716 

Magnena-^ecnut. 

6.  Areudal 

Iron-garnet  or  Mmandttu, 
fl.  Fahlun  . 

7.  HuDgary,  precious , 

Ma  nganett-garnet. 

8.  Haddum,  Connecticut 

iron-lime  garnet, 

Mdaniie,  Pyreneite, 
H.  Westmonl&od 

10.  SdiwarEenberg,  yr«en 

11.  Teanvias,  6rown     . 

12.  Fraacati,  blade      , 


.  42-4£  22-47    .    .      9  29     627  13*43     6  53  -  1« 


39-66  19-66 
40-66  20-61 


.    .    39-69 
6-00  32-70 


1*80 
1-47 


36-83  1806  14-93 


3066 


-  10»M 


.     -.    9t^ 


37-56  31.36  .    .      4*70 

36-85  4-06  26-36  .     .      0-95 

39-93  13-46  10-96  336      1-40 

34-00  6-40  26-60  .... 


26-74  =  lOOM 

32-32  -   nm 

31-66  -  101^74 

33-00  »  urn 


Ckromt-gamet, 

«0»  Aro»  C»»0»  F«0     MnO     MfO      CaO 

18.  Biaaerak,  Ural,  UvarowiU  36-67  6-26  23-46 33  22  - 

14.  Jyopo,  Bohemia    .        .43-70  22-40    6-53  11-48     S-68    5-60     6-72- 


1001» 


Oamets  are  almost  alwayn  fonnd  crystalliaed.  and  disseminatMl  amongst  razioa 
lockfl,  especially  mica-achist,  gneiss,  pegmatite,  clay-schist,  serpentine  rocki,  and  ol* 


GAS. 


I 
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Mreona  rocks  in  the  ccigbbourhood  of  crysUlline  deposita.  Thej  are  also  found  in 
trachytic;  basaldc,  and  Tolcanie  earthfl  of  recent  formation ;  and  are  then  generally  of 
that  daaa  known  aa  Mtlanite^  which  contains  ferric  oxide.  Garnet  has  alao  been  found 
in  imall  granular  maaaei,  and  aometimes  in  small  strata  in  mica-echiaL    (Beudant) 

AlUrtd  Form*. — Oameta  contaiining  ferrouir  oxide,  often  become  maty  and  disinte- 
erat«d  from  oxidation  of  the  iron,  and  are  sometimes  altered  to  red  iron  ore.  The 
lime  in  Iime*garneta  may  be  taken  up  by  the  carbonic  acid  in  waters,  und  if  magnesia 
is  combined  with  the  carbonic  acid  (as  add  carbonate),  it  may  take  the  place  of  the 
lime,  and  thna  gire  rise  to  a  ateatitic  paeudomorph,  or  to  a  chlorite,  if  the  iron  partly 
remains.     Quartz  also  oeeura  with  the  form  of  garnet     (D  ana,  iL  194.)       C.  E.L. 

OJkS.  The  term  gas,  now  commonly  applied  to  aeriform  subfltanceR,  wua  intro- 
duced about  llie  middle  of  the  seTenteenth  century  by  Van  Helmont ;  but  its  goucnU 
use,  eTen  in  scientific  language,  is  of  much  more  recent  date«  Strictly  spesldn^,  a 
gu  is  a  substance  possessing  the  condition  of  perfect  fluid  elasticity,  and  prcaentuig, 
under  a  oooatant  pressure,  a  uniform  rate  of  expaasicm  for  equal  increments  of 
toBpcratare,  whercaa  vapour,  which  may  be  regarded  a*  coEreeponding  to  gas  near  a 
•tate  of  roiudmum  density,  does  not,  tinder  constant  preesure,  present  a  rate  of  expau* 
aion  that  Is  uniform  for  equal  inerements  of  temperature. 

Since  the  liquefaction  of  several  gasea  that  were  considered  to  be  permanent,  haa 
been  effected,  th«  distinction  between  ^aa  and  Tapour,  oriffinaUy  established  by  Van 
Helmont,  and  since  generally  adopted,  viz.  that  vapours  could  Iw  reduced  to  a  liquid  or 
solid  conditioQ  by  increase  of  pressure  and  redaction  of  temperature,  while  gas  could 
not  be  BO  altered,  is  no  longer  tenable,  or,  at  most,  it  applies  only  to  the  ordinarily  preTail- 
ing  conditions  of  atmospheric  preesure  and  temperature.  Under  great  pressure,  gaeea 
appear  to  approximute  bo  tht^  condition  of  vapour,  and  vapours,  at  high  tempenitureiii, 
aMume  the  cliaracters  of  gas. 

Prior  to  the  middle  of  the  seventeenth  century,  the  substantial  nature  of  aeriform 
■ubstances  was  almost  unknown.  It  was  considered  that  air,  like  fire,  was  an  element 
of  extreme  aubtilty,  with  a  natural  tendency  to  rise  from  the  earth.  Still  it  was  held 
that  air  contxibuteij  to  the  formation  of  some  substances,  und  even  that  it  wus  a  con- 
stituent pttrt  of  them,  but  there  was  no  decided  opinion  as  to  the  material  nature  and 
ponderability  of  air. 

A  stiU  graater  vagueness  prevailed  with  regard  to  the  appreciation  of  the  chemical 
characteristics  and  functions  of  air.  It  was  known  to  be  in  some  way  necessary  ibr 
the  support  of  fire  and  of  aniiual  life  ;  but  Its  influence  in  regard  to  these  phenomena 
eeema  to  have  been  regarded  more  as  analogous  to  the  infiueaoe  of  light  in  regctatioo 
than  of  that  nature  which  it  is  now  known  to  be. 

As  regards  the  existence  of  aeriform  substances  distinct  from  atmospheric  air,  it  is 
verj-  dfsubtful  whether  anjjitliing  was  known  either  by  the  ancienta  or  by  the  alchemista. 
The  puffocating  or  inflammable  uature  of  the  air  evolved  from  the  earth  in  vurions 
localities  was  early  ohaerved.  and,  under  the  terms  tpiriiru  or  Jtat»«,  aeriform  sub- 
■tances  produced  artificially  appear  to  be  referred  to  by  some  of  the  writers  from  the 
fourteenth  to  the  nevetiteenth  century.  It  seems,  however,  to  have  been  generally  con- 
sidered that  aeriform  substances,  differing  in  their  charncters  from  atmospheric  air. 
were  not  essentially  di.stinct,  hut  that  they  differed  from  it  only  in  consequence  of 
admixturee.  Thus,  Basil  ValeDtin.  describing  the  inflammable  air  and  aoflbcatiog 
air  of  mlnea,  eaya,  '  It  most  be  remembered  that  choke-damp  is  so  called  becaoee  it  is 
not  pure  air  like  that  nborr  ground,  but  always  carries  with  it  something  that  ia 
thicker  and  more  detrimental  to  man  than  the  air  above  ground." 

The  aeriform  subatances  generated  during  chemical  operation.^  were,  as  a  rule,  but 
little  regarded  at  this  period  Paracelsus  (1493-1641)  mentions  the  evolution  of  gas  in 
the  solution  of  iron  by  sulphuric  add,  as  an  eruption  of  air.  but  without  atta«!hing  any 
Bigniflcance  to  it.  The  knowledge  of  Libavius  (lS-?-1616)  respecting  aeriform  sub- 
stances, appears  to  have  been  hmtted  to  the  inflammable  and  suffocating  gaaea  of 
aoi&ef. 

Van  Helmont  (1577—1644)  was  the  first  to  undertake  the  study  of  aeriform 
subfitnnceH  whose  characters  were  different  from  those  of  atmospheric  atr,  and  to  show 
that  they  could  be  produced  artificially.  He  distinguished  between  gases  and  vapours, 
as  being  respectirely  permanent  and  condensabte — "  Oas  est  spiritnsnon  coagnlabilia. 
He  showed  that  the  conditione  under  wbich  gases  are  generated  are  chiefly  oomboa- 
tion,  fermentation,  putrefaction,  and  tlie  reaction  of  acids  with  metals,  calcar«ona 
substances,  &c.  But,  at  tlie  same  time,  he  was  far  from  having  any  true  conception 
of  the  relations  between  air,  gas,  and  vapours,  nor  did  he  arrive  at  any  knowledge  of 
the  distitictiona  between  different  kinds  of  gokv. 

Under  the  name  of  gat  tylvrttre,  and  more  rarely  gat  carhonum,  he  described  carbonic 
acid  an  being  a  product  of  the  combustion  of  fuel,  of  fermentation,  &c.,  and  as  eziflling 
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in  minenU  waters,  in  caTerns,  and  in  the  stomacha  of  animals.  He  shoved  that  it  totii 
b«  obtain«d  from  l)mciBton<?  by  means  of  adds,  that  it  would  not  sappoTt  life,  and  tiut 
it  extinguished  tlame.  But  be  confounded  under  this  tenn  aereral  other  guva  ijniti 
distinct  from  carbonic  acid,  such  oa  nitric  oxide,  solphaxoua  add,  dee.  The  ooij  dia- 
tiuction  be  appears  ts  have  drawn  between  gases  was  between  what  he  termed  yu 
tyivfstre  and  the  infUromable  ga«ea  produced  by  the  destroctiTe  distiUation  at  orguue 
substances  aiid  in  putrcfaotire  decomposition.  Van  Hebnont  also  obsenred  that  vha 
a  light  was  burnt  under  a  bell-jar  ot«u-  wstor,  the  air  which  remains  after  a  tune  fxtin- 
guishra  the  flame ;  but  be  gives  no  farther  account  of  this  air,  nor  did  be  nuke  anj 
advance  towards  a  knowledge  of  the  port  pkjed  by  the  atmosphere  in  comhoitiaa 
and  animal  respiration. 

In  the  early  part  of  the  seyentecnth  eenturv,  even  previously  to  the  demonstntiei 
of  the  ponderability  of  air  by  Torricelli,  in  1643,  the  influence  and  fnnetiai  ' 
atmospheric  air  began  to  attract  the  attention  of  chemists.  One  of  the  eau-liest 
most  remarkable  inqniries  into  this  subject  was  instituted  by  Jean  Rey,  a 
phyKiciun,  in  consequence  of  a  conunnnication  from  an  apothecary  named  Brni^ 
he  had  observed,  in  the  calcination  of  tin  and  lead,  an  augmentation  of  weight  a 
calx  obtainpd,  which.he  was  unable  to  account  for.  In  1630,  Rey  published  a  tr 
on  tluH  subject,  entitled  "Eosaya  snr  la  recherche  de  la  cause,  ponr  laqoelle  IVt; 
le  plumb  augtnpnt^nt  de  poids,  qoand  ou  les  calcine,"  which,  though  chi*-fly 
•pjjculativo  character,  distinctly  puts  forward  the  opinion  that  the  augmentatida  rf 
weight  obserred  in  the  calcination  of  metAls  was  dup  to  the  absorplion  of  air.  At 
the  same  time,  howfiTcr,  E^y,  adopting  the  prevailing  opinion  of  his  period,  thU 
metals  were  compound  substances,  considered  that  the  absorbed  air  combined  with 
the  calx  pro-existing  in  the  metal,  and  made  it  besrier  than  the  metal  from  wiut^  ** 
VIS  obtained,  in  the  same  way  that  sand  is  made  heavier  by  water  adhedoel 
He  also  pointed  out  that  the  augmentation  of  weight  in  the  calcination  of  m^dr 
limited  and  definite.  "  L'  air  espai.<un  s'attache  k  la  chnnx,  et  va  adhdrmt  pen  itta 
aux  plus  minces  de  ses  parties;  ainsi  son  poids  augmente  da  commencement  jo^qai 
la  fin.  Mais  qusnd  tout  est  aifiibl^,  .>lle  n'en  scaurait  prendre  darantaffe,' 
essay  of  Rey'.s  waa  the  first  attempt  to  elucidate  a  phenomenon  which,  neorfy  a. 
and  a  half  Later,  aerred  as  the  key  to  a  knowledge  ot  gaseoos  substancea,  and  fti; 
the  bttfiis  of  the  present  system  of  ehemirad  science.  It  attracted,  howcTer,  but 
att'^ntion,  and  did  not  lead  to  any  experimental  inrestigation  of  the  subject, 
while  the  facts  of  the  augmentation  of  weight  in  the  calcination  of  metals, 
necessity  of  air  for  respiration  and  combu.stion,  of  its  alt«rution  by  those  pi 

and,  at  a  later  period,  the  fact  of  the  absorption  of  air  in  the  calcination  of , 

though  perfectly  well  known  and  eetablishcd,  floats  through  the  chemistzy  of  tU 
intervening  period,  unexplained  and  unappreciated,  much  as  the  facta  of  isomeof, 
allotropy,  and  catalyftiu  remain,  nmidat  the  chemistry  of  the  present  day,  withnt 
explanation  or  apparent  connection  with  other  facts. 

But  though  the  tendency  of  chemical  investigation  prior  to  the  latter  part  of 
eighteenth  century,  did  not  lead  to  the  experimental  study  of  these  important  pheDoou^ 
in  any  degree  commetiifnirate  with  their  actual  value,  their  conaider«tioa  in  a  rnon 
epecuiative  manner  was  not  neglected,  nor  was  it  without  useful  reaultB.  The  diiwt 
study  of  aeriform  substances  was  also  prosecuted  with  some  success.  The  inAaoas- 
bility  of  the  air  produced  by  the  reaction  of  iron  with  dilate  sulphimc  acid,  was  nsis 
known b^Turquet  de  Mayerne^  in  16S0,  which  may  bere^arded  as  the  dateof  tbt 
recognition  of  hydrogen  as  a  distinct  subst-aace. 

In  1666  Hooke  propounded  in  big  "  Mierogniphia  "  a  theory  of  combustion,  wiii^ 
was  designed  to  afford  an  explanation  of  the  necessity  for  the  presence  of  air  Ibr  ib 
support  Ha  considered  that  atmospheric  air  contained  a  substance  analogous  ta,  ff 
not  identical  with  that  fixed  in  nitre,  and  possessing  the  property  of  dissohiitf  dl 
combustible  substances,  provided  their  temperature  was  raised  sufBcientlv  higLTkll 
BolotioD  he  Hupposed  to  take  place  with  such  violence,  that  fire  wbuj  pn>dQced,  wtei 
in  his  opinion  was  simply  a  phenomenon  of  motion.  The  product  of  this  soIalM 
might  be  amform,  liquid,  or  twlid.  Combustion  in  a  limited  quantity  of  air  wwcnh 
sidered  by  him  to  cease,  in  con-««jtience  of  the  solvent  becoming  saturated  with  iW 
combustible  substance,  and  could  be  revived  only  by  a  fresh  supply  of  air.  Tho  erw- 
stituent  of  air  which  he  regarded  as  thus  taking  part  in  combustion,  codfted  iii  • 
highly  fixed  condition  in  nitre,  so  that  a  given  bulk  of  nitre  coutained  ineompaiati^ 

more  of  it  than  an  equal  bulk  of  air.     Hooke's  riews  were,  however,  p^*  ' '  'm 

such  general  terms  as  to  be  destitute  of  any  scientific  vjUue,  and  are  ot 
as  showing  the  absence,  at  that  period,  of  true  principles  of  oheniic;i: 
which  might  have  lod  to  discoveries  of  the  highest  importance,  had  Iht 
under  the  influence  of  opinions  which,  in  their  general  tendency,  were  n 
to  the  more  advanced  knowledge  of  the  present. 
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Hooke^i  riews  wen  nhwaxumtl^  ^enfrhpf<i  hy  Mayoir  in  hia  "Tmctatiu  de  aal- 
biCro  et  spiritu  nitro-sereo,'  published  in  1669.  Hii  aviritiu  nitro-aireuMf  exiating 
both  in  air  and  in  nitre,  waa  the  aolv«nt  which  Hooke  had  aaeomed  t*  be  active  in 
combustion.  A  atmilar  theory  waa  alao  propounded  in  raference  to  reapiiation  and 
aaimal  heut  by  Willis,  id  tus  " Ex^rcitatio  de  Sangninia  incaleaeentia  aire  tMOtaX' 
aione,"  puHlif«h«Kl  in  1671,  with  the  diS>tT«no«  that  he  regarded  combaation  aa  eonaiat- 
ing.  not  only  in  the  reaction  of  th«  cotnbtuitible  with  a  constituent  of  atmoapberic  air, 
but  alao  in  the  Bimultaaeona  elimination  of  a  combuatible  principle  from  the  former. 

Far  more  in  accordance  with  tbeapirit  of  experimental  bTcetigattoo  were  the  lalwon 
of  Boyle,  with  regard  to  aeriform  aubatancea,  and  the  related  phenomena  of  cooibua- 
tion,  reapiration,  &c.  In  hia  "  Continuation  of  new  ezperiiDenta  phjaico-mechanicalf 
touching  the  sprinir  and  weight  of  air  and  their  effecta,  wherein  are  contained  divera 
experimenta,  made  both  in  comprcaoed  and  alao  in  frctitiooa  air,"  &c.,  pabliihed  in  1680, 
b<o  ahowod  that  air  could  bo  produced  artificially,  and  he  waa  the  flist  to  collf«t  the  air 
tlioa  produced,  without  mixture  with  atmospheric  air.  Hia  examination  of  factitiooa 
air  waa,  howeycr,  more  physical  than  chemical  In  hia  "  Tract  containing  auapicioaa 
about  aome  hidden  quaiitiea  of  the  air"  (1674),  and  in  hia  "  General  biatoiy  of  tha 
air  "  (1692),  be  freqatnitly  reforn  to  the  alteration  of  air  in  comboatioa,  but  hia  eosidn- 
aions  are  more  ^mnitfd  than  th<M«  of  hia  predeeaaaon.  Ha  waa  satiafied  that,  by  leapi' 
ration  and  by  combus^tiou,  something  w«a  abatncted  from  the  air,  but  be  defines  thia 
onl^  aa  "  aomo  vital  substance  diffliMd  ^ir(Kip;h  the  air,  whether  it  be  a  volatile  nitre, 
or  (.rather)  aome  y<^  anonrraooa  sabatauce,  aidereal  or  subterraneal;"  and  refrrrinK  to 
the  viewa  of  Hooke  and  Mayow,  he  aaya,  "  though  I  agree  with  them  in  thinking  that 
the  air  ia  in  many  places  impregnated  with  corpuaelt'a  of  a  nitrous  nature,  yet,  I  con- 
f«aa,  that  I  have  not  been  hitherto  convinced  of  all  that  is  wont  to  be  delivered  about 
the  plenty  and  qunlity  of  the  nitre  in  the  air ;  for  I  hare  not  found  that  thoae  that 
build  BO  much  upon  this  volatile  nitre  have  made  out,  by  any  competent  experiment, 
that  there  ia  aucli  a  volatile  nitre  abounding  in  the  air." 

In  reference  to  combuation,  and  the  calcination  of  metals,  Boyle  opposed  the  pre- 
▼ailing  opinion  that  calcination  waa  due  to  the  aeparation  of  moiatnra  or  aome  other 
constituent  of  the  metal  c^ilcined.  The  incnaaed  weight  of  tho  caLx  ha  aacribed  to 
the  combination  of  ponderable  beat-aubatanee^  and  this  preoooodved  opinion  led  him 
to  diaregard  uuiny  of  his  moat  important  obaeirationn.  In  the  eoniae  of  his  experi- 
menta, h«  clearly  showed  that  in  c^dnation,  air  is  absorbed ;  bat  be  made  do  attempfc 
to  eoauMct  this  fact  with  the  augmentation  of  weight  He  heated  tin  and  lead  in 
•ealed  xetorta  containing  air,  and  found  that,  after  mjustaining  the  heat  for  a  eonaider- 
able  time,  on  opening  the  retort,  air  mahed  in  to  supply  the  place  of  what  had  been 
absorbed  by  the  metal.  But  he  regarded  this  merely  aa  a  proof  that  the  retorts  had 
been  hermetically  closed.  Nor  did  fiojrle  arrive  at  any  knowledge  of  the  mode  in 
which  air  took  port  in,  and  waa  casential  to  combustion,  though  be  ahowed,  in  hia 
"  New  experiments  touching  the  relation  betwixt  ftama  and  air"  (I672X  that  in  a 
Taeunm  corobuatioa  could  not  take  pUce,  and  Uiat  laadwaa  converted  into  a  calx  only 
when  in  contact  with  air, 

Simnltoneoualy  with  Boyle,  a  aimilnr  explanation  of  the  increase  of  weight  in  the 
calcination  of  metAk  waa  given  by  N.  Lem ery.  In  his  "  Coura  de  chymie  "  (167d), 
be  aays,  "although  by  the  action  of  fire,  aome  snlphuroua  or  volatile  portions  of  lead 
are  separated  which  ought  to  diminish  the  weighty  aevertheleas,  after  a  long  calcina- 
tion, it  is  found  that,  in  place  of  weighing  lese,  as  it  should  do,  it  weighs  more ;  "  and 
he  aaeribes  thia  fact  to  the  penetration  of  the  fire-oorpuacles  into  the  porea  of  the 
lead. 

In  thia  respect,  the  views  of  Becber,  Boyle,  and  K.  Lemery,  aa  to  the  inereua  of 
weicbt  in  calcination  of  metala,  were  identical ;  they  were  also  accepted  by  the  m^oritr 
of  cbcmista  at  the  time,  and  were  retained  up  to  the  commencement  of  the  eighteenth 
century. 

One  of  the  earliest  nbjectors  to  the  opinion  that  glass  vessels  were  permeable  by 
the  tire-corptiMcies,  ns  aiwnmed  by  Boyle,  wiut  Cherubin  D'Orleanw.  Capucin  of  th« 
province  of  Tourraine,  who  in  I679  publiahed  a  disaeitatioa  "*  Sur  I'imp^netrabilit^  dv 
verre,  .  .  .  .  sur  la  cau»e  de  rangmeataCioo  dn  poids  de  TEtain  et  dn  Homb  par  la  cal- 
cination." Referring  to  Boyle's  experiment  with  lead  in  a  sealed  retort,  he  aaya,  "  theae 
chemical  observations  do  not  at  all  convince  me ;  they  rather  prova  the  imperme4ibibty 
of  the  glass  than  ita  permeability.  ....  For  to  show  the  alleged  permenbility  of 
glass  by  that  experiment,  he  should,  before  opening  the  retort,  have  weighed  it  to- 
gether with  its  conU*nt!!i ;  then  having  exactly  ascertained  the  wrigbt,  he  should  have 
weighed  it  again  with  its  coutvutes,  after  having  opened  it,  in  order  to  ascertain  whether 
the  external  air,  which  he  says  mahed  in  with  noise  whan  the  retort  waa  opened,  did 
l>ot  eanae  an  alteration  of  the  weight  that  had  been  observed  before  opening  the  re- 
tort f  ,  .  ,     without  doubt  he  would  then  have  found  that  the  retort  wei^bcd  more 
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after  it  was  opened  than  it  did  before."    This  erilidiiii  of  Bqjle'f  experimeat  sad 

condoflion  noway  affects  the  main  object  he  had  in  riew,  til  to  establiah  the  absorp- 
tion of  air  in  the  calcination  of  metau ;  but  it  is  highly  interestinff  as  illostratire  of 
the  growing  sense  of  the  importance  of  qnantitatiTe  obserrations  in  chemical  inrnti- 
gation,  and  more  especially  since  the  deficiency  pointed  out  in  Boyle's  experiment  «m 
precisely  that  which,  when  subsequently  supplied  hj  LaToisier,  contributed  so  Urgriy 
to  the  establishment  of  correct  views  of  the  calcination  of  metala. 

About  the  commencement  of  the  18th  century,  the  belief  in  the  pondenbla  nttm 
of  heat  became  considerably  shaken,  and  with  its  abandonment,  the  pierioos  explao^ 
tion  of  the  increased  weight  of  metallic  calces  fell  to  the  ground.  ThoM  chemists  «b» 
noticed  it  at  all,  put  fonnud  Tarious  hypotheses  to  account  for  it ;  some  ngudad  itai 
accidental,  and  Stahl  disregarded  it  altogether,  as  quite  unimportant 

The  next  step  of  any  importance  in  the  chemical  histoiy  of  aerifimi  ■nhstiifi, 
was  made  by  Uales,  who  published  in  1727  his  "  Vegetable  Staticks;  .  .  .  .  aln  a 
spedmen  of  an  attempt  to  analyse  the  air,  by  a  great  Tariety  of  eheiiiieo>stBtied  ei> 
periments."    His  investigation  of  this  subject  was  distinguished  from  thoae  of  Us  {■•> 
decessors,  chiefly  by  his  adopting  a  quantitative  method,  and  by  his  employing  im|io«id 
apparatus  for  preparing  and  collecting  gases.    Hales  was  the  first  to  use  an  fiuMtm 
iriiich  was  the  germ  of  the  pneumatic  trough  now  employed.    A  globnlar  tcshu,  flihd 
with  water,  and  inverted  with  its  mouth  under  the  snr&ee  of  water  in  a  laige  pti^ 
served  for  the  collection  of  the  gas,  which  was  generated  in  a  retort,  with  a  k^  mA 
extending  up  into  the  globnlar  vessel  serving  as  a  receiver.    The  varioos  amn 
substances  he  obtained,  were  examined  only  as  to  their  inflammability,  or  their  psvw 
of  supporting  combustion.      He  first  observed  the  diminution  of  vdume  of  stas- 
sphenc  air.  when  mixed  with  nitric  oxide,  which  afterwards,  in  the  hands  of  Csfndiik 
and  Priestlev  afforded,  such  important  results ;    but  generally,  Hales*  nperiiKati 
contributed  little  to  the  existing  knowledge  of  aeriform  substances,  and  he  appMiiK 
hare  reg^ed  the  different  substances  of  this  kind  which  he  obtained,  as  mntmtM- 
cations  of  atmospheric  air.    His  own  conclusion  from  these  "  experiment^  which  ibov 
in  how  great  proportion  air  is  wronght  into  the  composition  of  animal,  vegetable  aid 
mineral  substances,  and  withal,  how  readily  it  resumes  its  elastic  state,  whei.  is^ 
dissolution  of  those  substances,  it  in  disengaged  from  them,"  was  in  the  tcOanf 
words :  "  Since,  then,  air  is  found  so  manifestly  to  abound  in  almoat  all  natwal  bodia; 
since  we  find  it  so  operative  and  active  a  principle  in  eveiy  chemical  opeiatioB;  net 
its  constituent  parts  are  of  so  durable  a  nature,  that  the  most  violeot  action  of  tre  tr 
fermentation  cannot  induce  such  an  alteration  of  its  textnie^  as  thereby  to  ^s^sSfrk 
from  resuming,  either  by  means  of  fire  or  fermentaticm,  its  fbrmer  daatie  state;  w* 
in  the  case  of  vitrification,  when,  with  the  vegetable  nit  and  nitre  in  wbidi  it  ii  i^ 
corporated,  it  may  perhapi^  some  of  it,  with  other  chemical  prineiplea,  bo  mmatuH^ 
fixed;  since,  then,  this  is  the  case,  may  we  not  with  good  reason  adopt  this  aovtni 
now  volatile  Proteus,  among  the  chemical  principles,  and  that  a  vny  active  one;  as  «dl 
a^  acid  sulphur,  notwithstanding  it  has  hitherto  been  oreilooked  and  rqeetcd  by  Ah 
miBts  as  no  way  entitled  to  that  denomination  ?  " 

Hales'  main  result,  therefore,  like  many  more  of  the  results  of  seirntifle  Ubonsit 
that  period,  consisted  more  in  the  proposition  of  a  problem  than  in  its  solntioa,  eiibv 
wholly  or  in  part ;  and  in  this  light,  the  general  conclnrion  at  vfaidi  ha  azrirsd  bri 
the  merit  of  being  the  first  comprehensive  indication  of  an  important  and  fttCils  pstk 
of  research,  which  before  his  time  had  been  little  punned,  but  soon  afterwards  bcoM 
the  means  of  entirely  remodelling  chemical  science. 

Of  the  writers,  contemporaneous  with  and  immediately  following  Hsles,  W» 
need  be  said,  as  their  trentment  of  the  subjects  of  aeriform  substances,  eombostioD.  tt, 
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speculations  as  to  the  nature  of  air  as  an  element  But  by  this  time  the  specBlstin 
vein  of  chemical  study  had  pretty  well  run  out ;  the  establishment  of  the  jhkfi^ 
theoiy  served  to  give  a  more  systematic  and  comprehensive  character  to  the  watttr, 
and  admitted  of  its  being  cultivated  in  a  manner  more  calculated  to  aeenve  usugii* 
than  the  desoltoiy  inquiries  hitherto  undertaken,  under  the  inflaenea  ath«  d 
alchemistic  or  of  mctaph^tqcal  doctrines. 

Chief  amon^  the  aohievements  of  this  epoch  was  the  investigation  of  the  diftwsw 
between  caustic  and  mild  alkalis  bv  Black,  and  the  consequent  demonatratioB  of  tbi 
existence  of  carbonic  acid  gap,  or  as  he  termed  it,  fixed  air,  this  being  the  flist  iaitiBei 
of  a  gas  being  proved  to  !)<>  essentially  distinct  from  atmospheric  air. 

This  investigition  is,  perhaps,  the  most  remarkable  in  the  whole  histoty  of  cbeviiBy. 
whether  it  be  considered  in  regard  to  its  spedal  character,  or  to  its  safaoeqantiaflaw* 
on  the  development  of  the  science.    Undertaken,  in  the  first  inataeeeb  mmdj  te  teaM 
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•abject-matter  for  a  medical  thtm.  it  nevertheless  standi  ont  far  iboTe  any  other 
rhemical  re<M>arch  of  that  or  any  pvrerioiiii  period ;  pre-emiiieDt  in  its  oompletenrM  and 
accuracy,  it  serrcd  as  the  inauguration  of  pneumatic  chemiatry,  as  the  fint  decided  step 
in  that  path  of  researcli  which  had  been  saggeated  by  Holes,  and  as  the  eomer-stone  of 
modern  chemistrj*. 

Haring,  in  the  tirst  imitanee,  ascertained  that  caustic  lime,  exposed  for  some  time  to 
th«  atmosphere,  became  heavier,  at  the  same  time  that  it  lost  its  causticity,  instead  of 
iMOoming  lighter,  as  might  hare  been  expected  if  that  change  were  really  due  to  the 
Mcape  of  a  ponderable  beat-subetance.  Black  perceived  in  this  fact  Bufiid>-nt  ground  ibr 
TCneeting  the  received  doctrine  of  ponderable  caloric.  He  next  ascertained  that  the  loM 
or  causticity  and  the  increase  of  weight  were  accompanied  by  a  consiUirdbU-  aLeorption 
of  air.  On  extending  bis  observations  to  nutgnesia,  he  found  that  it  fffervt'iiwd  with 
adds,  that  it  lost  weight  by  ignition,  and  then  no  longer  efferveacod  with  .icids,  though 
it  still  yielded  the  same  salts  with  acids,  as  the  magnesia  that  had  not  boon  ignited. 
He  then  sought  to  ascertaia  what  was  separated  Inom  magnesia  b^  ignition,  causing 
tbe  kas  of  weight ;  and,  with  that  view,  heated  a  weighed  quantitr  in  a  retort  8ome 
'Water  was  thus  obtained,  but  not  sufficient  to  account  for  the  whole  loss  of  weight  by 
the  magnesia.  This  led  him  to  suspect  that  air  was  disengaged  ftom  the  magnesia  "by 
ignition  ;  and  to  determine  this  poini  he  dissolved  a  known  quantity  of  ignited  magnesia 
in  sulphuric  acid,  then  precipitated  it  by  means  of  a  mild  alkali  (carbonate  of  potash), 
and  fonnd  that  it  had  increwed  in  weight  as  much  aa  the  magnesia  bad  lost  in  weight 
by  ignition,  and  that  it  had  recovered  all  the  qualities  which  the  magnesia  lost  by 
ignition.  Hence  he  concluded  that  the  loss  of  weight  and  alteration  of  qualities  pre- 
sented by  magnesia  cu  ignition,  were  due  to  the  separation  of  air,  and  that  the 
restitution  of  those  qimlitieH,  and  the  increase  of  weight,  when  ignited  magneeia  was 
dissolved  by  icid  and  precipitated  by  a  mild  alkali,  were  due  to  its  n-eovering  from 
the  alkali  the  air  that  had  been  expelled  by  ignition :  in  this  latter  conclusion  he  was 
guided  by  Hales'i  observation,  that  fixed  alkaii  contained  abundance  of  air.  His 
own  statement  of  these  GonduitioiiB  is  very  Kimplc  and  dear.  "Quid  ergo  magnesia 
hoc  experimento  amieit,  quid  dennam  recupcra^T  t,,  quod,  quam  adesset,  tarn  multas 
qnalitates  dabat,  cum  abesset,  tollehnt  ?  Aerem  forte  :  expcrimenti  enim  rigesimi 
oonsideratione,  verisimile  admodum  videtur,  pondcris,  ustione  amissi,  partem  maximam 
aere  evanido  constare :  et  hoc  qnidem  coroboratur,  quod  aerem  nuUam,  post  ustionem, 
in  acido  injecta  emittat.  Nonne  etiam  verisioiile,  aerem  iterum  magnesin  ab  alkali 
restitui,  quo  tempore  illam  hoe  de  acido  depellebat :  alkuli  fixum  aere  eerte  abundore, 
ex  ingeniosi  Hales  experimentis  constat,  ct\]us  qoidem  mugnum  vim  cmctttt,  nbi  acido 
pnno  conjnngitur;  hac  oocasione,  quamvis  non  puro,  acido  tamen  certe  coDJnngitur,  et 
sal  etiam  mpdius  ex  horum  oonjunctione  fit,  copift,  dotibu«,  omni  deni^ue  mode  idem,  ae 
si  acidnm  pnnini  additum  foisset ;  aed  ncque  tamen  vel  minimum  aeru  emmpit ;  nonne 
igitur  ex  alkuli  &h  acido  excutitor,  et  magnesiae  scse  unit  aer?" — IHs*ni,  mta  tnaug.  de 
Humort  acido  a  cibis  &rto,  et  magnesia  oUhl,  1764,  p.  37. 

Black  then  examined  the  air  evolved  from  magnesia  and  alkalis  by  meaaa  of  adds, 
and  found  that  it  was  identical  with  that  given  off  in  fermentation.  He  gave  it  the 
name  of  fixed  air,  and  explained  the  difference  between  caustic  and  mild  alkalis  and 
alkaline  earths  as  being  due  to  the  presence  or  alsaence  of  this  subatance.  '  He  showed 
that  fixed  air  was  essentially  distinct  from  atmospheric  air,  in  regard  to  its  chemical 
character,  and  in  regard  to  respiration  and  combuation  i  that  it  was  produced  by  the  com- 
buittion  of  fiiel  and  by  respiration,  its  chief  cbaracterLstic  being  the  power  of  combining 
with  caustic  alkalis,  and  to  some  extent  neutralising  them  altar  the  manner  of  an  ad£ 

In  his  ijuangural  dissertation,  published  in  1764,  he  also  snggeated  that  the  explosion 
of  fnlminating  gold  might  be  due  to  its  containing  air  in  a  fixed  state,  and  that  the 
increase  of  weight  observed  when  metals  were  dissolved  by  an  add  and  then  predpi- 
tated  by  an  alkali,  might  also  be  due  to  air  furnished  by  the  alkalL 

Shortly  aftcrwarda  Mac  bride  publish*^  hU  Experimental  Essays  (1764).  in  which 
he  gave  tho  residts  of  a  more  minute  examinntion  of  the  cooditions  under  which  fixed 
air  or  carbonic  acid  is  produced  in  fermentation,  putrefaction,  &c 

Pneumatic  chemistry  received  a  further  important  development  at  the  hands  of 
Cavendish,  who  published  in  17flfl  his  "Experiments  on  Factitioos  Air"  in  which  he 
gave  the  results  of  his  examination  of  fixed  air  (carbonic  add)  and  inflammable  air 
(hydrogen),  describing  tlieir  physical  and  chemical  characters,  mode  of  preparation,  and 
the  apparatus  by  which  they  were  to  bc<  wibmitted  to  experiment  He  showed  that  hydro- 
gen, mixed  with  r.sriouB  propfjrt ions  of  titmospheric  air,  exploded  with  different  degree*  of 
violence ;  that  equalweights  of  different  motab  gave  different  quantities  of  hydmirin  with 
dilute  Kulphqricncid  ;  that  the  concentrated  aoid  did  not  furnish  hydrogen  with  metala, 
and  that  when  they  were  heated  with  it,  jinother  gas  (sulphurous  acid)  was  evolved. 

Filed  air  (carbonic  acid)  was  shown  by  Cavendish  to  prcdpitate  Lime  and  raagntwin 
from  their  solution  in  water,  and  again  to  redisiadTO  thcae  pradpitates ;  he  eooaectcd 
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trhli  thto  fact  the  pfecipiUtiou  of  Pftrthy  carbonatea  from  water  whan  Wl«l  tad 
showed  that  pottish  combined  with  fixed  air,  Drodnosg  a  more  easily  ei7tt«JliMhU 
•alt  He  also  nutde  aonu  adTsnce  towiuds  the  deienniiuttioii  of  the  qtumtitaliTQ  cnm^ 
poaitioti  of  the  earthy  aad  alkaline  carbonates. 

In  1769,  Lane  showed  that  chalybeate  water  contained  fixed  air  aa  the  eolrpoto/ 
the  iron;  in  1771,  Prieatley  observed  that  fixed  air  kept  in  contact  with  growing 
plaota,  acquired  the  capabilitj  of  supporting  combnation  and  respiration,  «M  tW 
this  change  was  effe^rted  onlj  in  daylight;  in  1774,  Bergmann  pabliabed  a  loag 
memoir  on  carbonic  acid,  tmder  the  name  of  Acidum  aSreian,  showing  ita  t^nuttu*  'a 
the  atmcmphere,  that  in  its  chemical  functions  it  possessed  the  charaeten  of  an  acid,  and, 
in  short,  aeveloping  more  minutely  many  of  the  details  of  its  history.  whi'-»i  ^"^  ' 
prcvionalT  more  or  less  incompU-telymade  known.  Lavoisier's  descrip' 
pnblished  in  his  Opuantiea  Phytiqua  et  Chytniqiut  (1774),  was  simply  u 
of  Black's  oxperiments. 

Shortly  before  this  time  (1772),  a  very  important  diseoYevy  with  regard  to  the  eoo* 
Btitntiou  of  the  atmosphere  was  oiade  by  Rutherford,  who  showed  that,  in  respua- 
tion,  air  was  not,  ss  Hales  had  sappoaed.  rendered  unfit  for  supporting  oombostioB  or 
respiration,  by  being  impregnated  with  admixtnrcs,  bat  that  it  natorallj  contained  a 
enbetance  (nitrogen)  which  was  incapable  of  ^uppiorting  combojitioQ  or  respiration.  He 
obtained  nit  wgcn  by  absorbing  the  carbonic  acid  from  air  which  animals  Lad  breathed, 
and  showed  that  it  extinguished  flame  and  was  snffocatinp.  In.  the  same  year,  the  calcina- 
tion of  metiiLs  again  became  the  subject  of  inquiry  by  Priestley  and  Lavoisier.  The 
former  referred,  in  hia  "Observations  on  difierenb  kinds  of  Air,"  to  the  atoorptioa  <d 
air  when  had  or  tin  was  calcined  in  closed  vessels;  but,  under  the  Lofloaoca  of  Um 
phlogistic  theory;  he&iled  to  connect  this  fiict  with  the  augmenUtion  of  weight  of  the 
i-alees.  Lavoisier,  in  the  same  year,  communicated  to  the  Acad^mie,  its  the  result  t4 
his  experiments,  his  opinion,  that  in  the  calcination  of  metals,  as  w>41  as  is  the 
bustion  of  pbosphoru/i  and  Rtilpbur,  the  increase  of  weight  that  took  place 
to  the  absorption  of  uir.  which  was  again  liberated  in  the  gBieous  state  when 
culces  were  redueeil  In  1774,  he  made  known  the  experiments  upon  which 
oi>inion  was  ba^ed.  Cue  was  essentially  a  repetition  of  Boyle's  cxpenmeot  with  had; 
but  Lavoisier  determined  the  weight  of  the  retort  and  its  contents  before  opeuBg  i^ 
uud  thus  ascertained  how  much  air  entered  the  retort  when  it  was  opened.  Thii 
quantity  was  found  to  be  exactly  as  much  as  the  increase  of  weight  in  the  caJ  ' 
metaL  In  the  same  work  ( Opwcvte*),  Lavoisier  also  showed  thai  the  aogmool 
of  weight  taking  place  when  mercury  or  iron  was  dissolred  by  acids  and  precipiul 
by  lime,  was  probably  due  to  the  combination  of  the  metals  with  a  gas  dcrircd  " 
'he  precipitant,  and  although  the  experiments  on  which  he  based  this  conclosioa 
mixed  up  with  the  pnoduction  of  metaUic  carbonates,  as  well  as  mere  oxmIm. 
evidence  they  famished  of  the  part  plaved  by  gaseons  Babstances  in  chemical  d 
wa«  not  less  important  than  if  they  had  refenwl  only  to  the  prodoction  of  true 
or  oxides  in  the  wet  way.  These  experiments  were,  both  in  their  form  and  sig 
an  exact  extension  of  those  by  which  Black  arrived  at  a  knowledge  of  the 
nature  of  alkalis  and  t^eir  eariwnates. 

In  the  lama  year,  Bayen  showed  that  oxide  of  merenry  was  decomposed  by  heat, 
without  any  addition  of  phlogistic  substance,  that  a  gas  was  evolved  in  the  prootH, 
aud  that  the  reduced  mercury  wdghc<l  less  than  the  oxide  from  which  it  waa  ODUiasl 
Tu  Pries  tl«y,  however,  belonpis  the  honour  of  the  discovery  of  oxygen,  and  of  reoc 
iog  its  dietinct  nature,  in  Augiist,  1774.  He  had,  indeed,  obtained  it  in  1771 
nitre,  as  Hales  had  obtained  it  in  1727  from  red  lead,  but  in  both  cases  its  troe 
does  not  appear  to  have  been  noticed.  It  is,  however,  more  questionable  to  i 
to  bo  ai<cribed  the  credit  of  having  first  arrived  at  the  conclusion  that  the 
which  Priefltley  obtained  from  oxide  of  mercury  and  from  red  lead,  was  that_ 
coQgtitnent  of  the  atmosphere  which  was  active  in  the  phenomena  of  oombustMni, 
ciuHiion  of  metals,  and  respiration.  It  is  at  least  certain  that  Priestley  commooia 
to  Lavoisier  \ns  discovery  of  oin^geo  very  shortly  after  making  it ;  bat  consider- 
ini;  how  much  further  advanced  Lavoisier  wis  at  that  time,  in  true  appreciation  uf 
the  phenomena  with  whicrh  thifi  pas  wks  so  closely  connect i^  than  Priaatley  was,  tbers 
s<-ems  but  nurruw  gronnd  for  imputing  to  Lavoisier  unfairness  towards  Phestlt^  in 
chiiming  to  be-,  jointly  with  him,  a  disctivertjr  of  oxygnn. 

In  November,  1774,  Lavoisier,  in  \w,  memoir  "  Siir  la  calcination  do  retain  dans  let 
Taisseanx  ferm^,"  first  put  forward  the  opinion  that  atmospheric  air  ooasisted  of  two 
gases,  but  he  did  not  express  any  decided  view  with  r^ard  to  the  nature  of  ibee* 
gases,  except  that  one  was  capable  of  supporting  combustion  and  reapiratioo.  whilf 
the  other  could  not.  It  was  not  until  the  end  of  1775,  In  his  memoir  "Sat  la  uatara 
du  principe  qui  so  combine  avec  ks  roilitux  pendant  leur  calcination,'''  that  Lsvoi«rr 
stated  hu  oondubvoti  that  the  gu  obtained  from  oxide  of  mercury  by  heat,  was  Iks 
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flftme  u  the  eorutitn^nt  of  atmosphnic  air  wbidi  supported  combustion  and  T«fpin- 
tion,  and  coatbiotid  with  meUk  in  calcination.  In  tbia  memoir,  he  made  known  hia 
Tiev  of  the  cumpoaition  of  carbonic  acid,  which  Le  shoved  was  formed  when  oxide 
of  mercniy  was  heat«d  with  carbon,  and  waa  therefore  to  be  regarded  as  a  compound 
of  carbon  with  that  oon«titaent  of  atmospheric  air  which  aopportcd  combustion. 

Scheele's  invt^tigation  on  the  constitution  of  the  atmoepnare, — made  in  1774-75, 
but  not  published  until  1777, in  his  eeaaj  on  "Air  and  Fire," — comprised  another 
independent  discoTery  of  oiygen  gas,  obtained  byhrating  nitre  or  metallic  oxide*,  hot 
aa  hewaacoateat  with  the  fact,  tiiere  was  no  diapate  aa  to  the  priority  of  the  diacovery. 
This  easay  al»o  contained  many  Taluable  rcaults  connected  with  the  compocition  of 
the  atmoephere,  the  pheoomena  of  combiution,  and  other  details  relating  to  pneumatic 
ehomiatry.  eapedally  the  quantiutive  oompoaition  of  the  atmoaphara,  ^icb,  since  the 
diacxyraiy  of  ita  nature,  had  been  a  more  definite  object  of  inveatigatiun  than  it  had 
formerly  been.  As  contribntors  to  the  attainment  of  this  result,  were  Font  ana, 
Landriani,  Laroiaier,  In^enhoass,  8igaud  do  la  Fond  and  Daridsou, 
It  wa8,howeTer,  by  Cavendish'a  "  Exptirimenta  on  Air,"  pnblivhsd  in  1784-$£,  that 
the  tme  quantitative  compoaition  of  the  atmosphere  waa  first  establiehed,  and  the 
cause  of  the  discrepancies  which  had  btf«n  obsorved  in  eudiomeOrical  experiments 
made  known. 

In  the  early  part  of  1783,  which  was  a  period  of  great  importaaoe  in  the  butoiy  of 
chemistry,  the  knowledge  of  aeriform  sabatancea  had  made  Tvy  oonaiderablc  jpngrcM, 
CO  &r  as  ooncerDed  the  establishment  of  £iu:t«  as  to  th«  su8t«nee  of  diffimnt  gasci, 
the  part  played  bv  atmoaplimc  air  in  combustion  and  respiration,  and  by  gaseons 
anbstanoea  generally  in  moet  chemical  phenomena.  A  passage  in  the  "  ^stoire  de 
I'Acad^mie  Eoy.  des  Sciences,"  for  1776,  published  in  1779,  will  serre  to  show  the 
change  which  had  taken  place  with  rej^ard  to  this  subject  "  Les  substances  aerifonuee 
snr  kequellwB  nous  n'arions  que  doa  obaervationa  iboIms,  sont  dcrronMS,  depnis  ouelques 
annAsc,  I'ot^eC  doa  xccherohes  dea  chimistea ;  ol  ellee  ont  jetA  sn  grand  a^soNrs 
daaa  Im  thMrias  las  mioux  Atabliea  et  les  plus  fermement  adoptees.  En  pBtt,  on  a 
ireconnu  que  c«a  snbctaneaa,  qui,  an  degrA  de  chalenr  de  I'atmospn^re,  sont  dans  T^at 
do  fluidea  expanaiblec,  eotroieiit  dans  la  composition  de  la  plniwzt  des  corps  solides  ct 
fiuides :  c'^oit  done  un  nouvel  oidre  do  substances  auxquellea  il  falloit  aroir  i^xd 
dnns  Tanalyso  de  cen  corps."  In  the  same  volume,  the  increase  of  weight  in  calcina* 
Lion  of  mwlals  was  also  referred  to :  "  Ainsi  Von  a  obsorri  dans  les  calcinatioos  dec 
m^taux,  et  leur  rMuction,  que  I'explication  de  8tael  n'^toit  snffisante ;  que  les  sub* 
Btancea  mi^talliqaea  s'uniasoient,  par  la  calcination,  aree  une  eep^  d'air,  qui  aVn 
d6gageoit  ensuite  dans  leur  rM action.''  while  not  longer  bock  than  1766,  the  same 
Bubject  was  referred  to  in  the  "  Histoiro  de  FAoid^mie ''  for  1763,  in  the  notice  of  a 
memoir  by  Hellot,  Tillet,  andMacquer,  "  Sur  les  Eesais  des  Matiirea  d'Or  et 
d* Argent/'  in  vtjry  diflferent  terms:  "L'angmentntion  -ibaerv^  dana  le  bouton 
d'ai]gent  fin  n'eet  ....  qu'apparente,  st  il  ne  se  fait  aucune  transmutation  du  plomb 
ca  aigent ;  mais  oe  premier  mital,  qui  sembleitat  devoir  consid^'rabtcmi'nt  diminoar  d« 
poids  par  Taction  du  feu  et  par  lea  ftunies  oontinnelles  qu'il  exhale  en  se  convertissant 
en  litharge,  augments  au  contrairo  do  poids.  .  .  .  Le  fait  n'est  point  equivoque,  .... 
rt  c*e«(t  on  vrai  pan\doxo  chymiquc,  que  Texp^ence  met  cept^nduut  hora  de  doat«. 
Mais  s'il  est  fttcile  de  eonatater  ce  fait,  il  ne  I'cut  pas  autant  d'en  rendre  une  raisoo 
satisfaiaaDlo  ;  il  ^happo  4  toutes  lee  id^es  physiques  que  nous  arons,  et  ce  n'est  que 
du  temps,  qn'on  peat  attendre  la  BotuHoii  da  cette  difBcnlt^"  Tillet,  who  had 
fttudiMl  this  fact  very  carefully.  n<maxks  in  his  memoir.  "Nous  sommes  done  forces  de 
convenir  que  cette  augmentation  de  poids  kant  constants  et  bien  d^d^e  .  .  .  devient 
par  U  le  si^jet  d'ane  recherche  eorieuasi  s'il  eci  possible  de  saisir  on  point  da  physique 
auasi  d^licat." 

Besides  the  gases  already  mentioned,  Priestley  had  disearerod  hTdrodiloiic  add  gaa, 
■mmonia,  Suo^icic  gas,  Rulphurons  acid,  and  mtrous  oxide.  He  had  also  devised  the 
use  of  mercury  in  place  of  water  for  the  pneumatic  trough.  Sche  ele  had  discovered 
chlorine,  Voltn  hnd  pointed  out,  in  1776,  the  p«niliiuity  of  the  inilMnmable  air  of 
marabes,  in  yielding  carbonic  acid  when  burnt,  and  liod  made  a  comparative  examina- 
tion of  it  and  other  inflammablo  gases,  as  rt^nrded  the  proportions  of  w^geo  requisit* 
for  their  eomboKtioD.  He  also  showed  that  a  mixture  of  atmospheric  air  and  inflam- 
nabls  air  oould  ha  exploded  by  the  electric  impark,  and  Eirwan  had  andeavoored,  in 
support  of  the  phlopistic  theory,  to  identify  phlogiston  with  the  inflamnmble  uir 
obtained  by  di»8olvirig  meUJs  vrith  dilute  acids,  But>  in  general,  there  wae  an  absfnce 
of  any  coon<>cted  interpretation  of  the  facts  which  had  been  aaoertained.  Lavoisier 
had  gTven,  in  his  Opu.M'uhi,  a  cooiprehenBivo  historical  itatiment  of  the  views  which 
had  been  entertained  with  regard  to  aeriform  substances,  and  at  the  same  time  pat 
forward  his  own  views  with  riif^jd  to  combustion.  In  his  vaper  oo  the  combustion  of 
diamond,  phoapbonns,  and  organic  subatanoue,  he  ahowed  that  onlj  a  port  of  th« 
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atmospheric  ftir  wna  concerned  in  the  poraeeM,  and  that  fixed  air  wa»  the  <mlj  gai 
Mmaining  after  the  com  bust  ioo  of  organic  substancce  when  vital  air  was  viibikitaU4 
foratmoffpherio  air.  He  showed  tlmt  sulphuric  acid  contnined  rital  air  aad  ml|fair 
that  the  production  of  a  salt  by  the  exposure  of  pyrites  to  the  atmosphere,  «Riiiflt«d 
in  a  Mimuhanoous  absorption  of  the  same  air  hy  the  sulphurand  iron ;  that  nitrie  atid 
contained  this  air ;  and  that  phosphoma  wsjs  convertible  into  phosphoric  add  by  niuit 
acid.  In  1781,  he  pablinhed  an  approximate  annljns  of  carbonic  add,  and  ahowad 
that  it,  in  common  with  all  other  adds  as  he  maintained,  contained  o^gea.  Bit 
attempts,  in  1782,  to  explain  the  precipitation  of  one  metal  by  another,  aa  oomistiag 
in  a  transfer  of  oxygen  from  one  to  the  other,  in  opposition  to  Bt-rgmaJin'*  riem,  that  it 
consisted  in  a  transfer  of  phlogiston,  were  leas  fiUcccBsful  thati  aoine  of  hia  othtt 
inrestigations;  and  jnat  at  this  time  hia  attention  waa  dire<:ted  t<o  an  objection  iu^ 
agninfst  his  views,  that  they  did  not  account  for  the  eroUition  of  hydrogen  when  meUU 
were  dissolved  by  dilute  acids,  nor  explain  whence  they  derived  the  oxygen,  which  be 
maintnined  it  was  nccc-ssar^  they  should  combine  with,  to  form  oxi<£m,  before  thejr 
could  form  salts  with  the  ncids. 

About  the  end  of  1781. Cavendish  commenced  fotae  erperiments,  which  "  wvre  mode 
principally  with  a  view  to  find  out  the  cause  of  the  diminutionrwhich  common  air  ia 
well  known  to  suflcr,  by  all  the  various  ways  in  which  it  is  phlogisticated,  and  to  dia> 
cover  what,  becomes  of  tiie  air  tiua  lost  or  condensed"  (PhiL  Trans.,  1788,  p.  119): 
"  Having  now  nictntioned  tho  unsuccpssful  attempt*  I  made  to  find  out  what  becoBwa 
of  tho  air  lost  hy  ph logiNtication,  I  proceed  to  some  experiments  which  Berre  really  lo 
explain  i:he  matter.  lu  Dr.  Priestley's  last  volume  of  experiments,  is  related  an  expeci* 
mt'nt  of  THr.  Wiirlt  ire's,  in  which  it  is  said^  that  on  firing  a  mixture  of  eommuo  and 
iuiammable  air  by  electricity  ....  in  gla^  vcsaeJa,  the  inside  uf  the  gla«a,  tboogb 
dean  and  dry  before,  immediately  became  dewy ;  which  oonflimad  an  opinkm  ha  ud 
long  entertained,  that  common  air  d(;pof;it«  noisturebyphlogisUoation"  {Md,  ])l  116), 
In  stadying  this  fact,  Cavendish  met  with  a  difficulty,  consisting  in  the  prodnccion  of 
an  acid  in  some  instances ;  and  the  examination  of  the  conditions  under  which  ihii  uwk 
place  delayed  iho  publicAtiou  of  his  exTxtrirnent 8  uatU  1783;  but  ao  fiariy  aa  the 
summer  of  1781,  he  had  ascertained  that,  "when  a  mixtore  of  inflammable  aod 
dcphloptsticatwl  air  is  exploded  in  such  proportions  that  the  burnt  (i.e.  residoal)  air 
not  nmi'h  phlogisticated,  the  condensed  liiiuor  contain?  a  little  acid,  which  is  alwajv 
the  nitrous  kind,  whatever  Kubstance  the  dephlo^^sticated  air  is  procured  from;  bflfcl 
the  proportions  he  such  that  the  burnt  air  is  almost  entirely  phlogisticated,  tjiaooo* 
densed  liquor  is  not  at  all  acid,  but  seems  pure  water,  without  any  addition  whatever; 
and  as,  whon  they  are  mixed  in  that  proportion,  very  little  air  remains  aft«r  tlw 
explosion,  nlmoflt.  the  whole  being  condensed,  it  follows  that  almoat  the  whole  of  tiic 
tuUammable  and  dephlogistlcated  air  is  converted  into  pure  water."  The  weight  of  th» 
water  bo  produced  waa  also  shown  to  be  equal  to  the  joint  weight  of  the  two  gaata 
Cavendish  adds,  "Last  summer  (1783),  a  iriend  of  mine  gave  aome  account  of  tl 
exneriments  to  M.  Lavoisier,  as  well  as  of  the  conduaion  drawn  from  tbeon,  that 
phlogisticated  air  is  only  water  deprived  of  its  phlc^ton." 

These  experiments,  which  fumiHbied  eridence  of  the  compound  nature  of  water — the 
only  point  that  waa  wanting  to  rt^nder  Tjivoisier's  theory  complete,  Mid  to  overthmw 
the  phlogistic  theory — were  intcrjireted  by  Cavendish  in  perfect  accordance  with  dder 
views,  to  which  he  uniff^rmly  adhered.  The  water  obtained  by  exploding  s  nuitnF 
of  inflammable  and  dephlogi»ticated  air,  waa  never  regarded  by  him  a*  the  r»> 
suit  of  a  chemical  combination  of  two  distinct  substances,  bat,  atne^j  in  mteeri- 
anee  with  the  spirit  of  the  phlogistic  theory,  merely  as  being  the  result  of  •  notial 
and  compeDsating  alteration  of  the  two  kinds  of  air,  both  of  which  he  supposed  to 
Ihs  at  the  ^atne  time,  equally  air  and  also  equally  water,  the  difieienoe  betwMB  tbs 
two  kinds  of  air,  and  between  either  of  them  and  water,  conaisting  aoldy  in  their  cnn- 
dition  with  regard  to  the  unknown  principle,  phlogiston.  His  own  laagnage  in  reftrHMfl 
to  this  point  is  so  dear  audi  explicit,  that  it  is  remarkable  this  fact  ahoold  hav»  bwa 
entirely  overlooked  in  the  long  controversy  which  has  been  maintained  aa  to  the  di»- 
covery  of  the  compound  nature  of  water,  or  the  originator  of  the  view  that  water  is  a 
compound  of  the  two  gases. 

It  is  somewhat  questionable  what  was  the  exact  nature  of  CaTendish's  viewi  with 
regard  to  phlogiston ;  so  far  aa  may  be  inferred  from  hia  writings,  he  appears  to 
regarded  it  aa  imponderable.     Certainly  he  did  not,  as  has  been  frequently  i 
regard  hydrogen  as  phlogiston ;  and,  tho«|fh  he  mentions  that  opinion,  aa  put 
b^  Kirwan  and  Priestley,  he  expreselv  states  hia  dissent  from  it.     With  regard  to 
new  of  the  nature  of  dephlt^ticated  and  inflammable  air,  howerer,  there  is  no  n 
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but  in  aU  probability  the  former"  (Phil.'Tran6.  1784,  p.  140).     Again,  after  dituM- 
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ing  the  probnUe  Boaree  of  tbe  acid  produced  in  sotne  of  bis  expcrimenta,  he  uj§:— 
**  We  mast  §l]ow  that  dephlogisticated  sir  ia,  in  reality,  nothing  but  dephlogiiiti- 
cated  ▼uter,  or  irater  deprired  of  its  phlogiston;  or,  in  other  wordJe,  thttt  wat^r  con- 
sists of  dephlogiflticat«d  air  imited  to  phlogiston ;  and  that  inflAmniable  air  ia  either 
poTA  phlog:i8ton  ...  or  elae  wat«>r  nnited  to  phlogiaton,  since,  according  to  this  son* 
position,  thra«  two  snbstaQces  united  together  form  pore  watfr."  His  account  of  the 
nature  of  phlogistication  of  pure  air  renders  his  opinion  still  more  clear:  "adding 
dephlogisticatea  air  to  a  bodjr  is  equiTalent  to  depriving  it  of  phlogiston,  and  adding 
vater  to  it"  "  In  the  detonation  of  nitre  with  in&imniable  substance's,  the  acid  unites 
to  phlogiston  and  forms  phlogisticatcd  air"  (nitrogen);  but  in  the  production  of  nitric 
acid  twm  a  mixtnre  of  oxyg«n  and  nitrogen.  "  the  reverse  of  this  process  was  carried 
on,  namely,  the  phtogiatioalcd  air  united  to  tJbe  dephlogistieated  air,  which  is  equira- 
lent  to  its  being  deprired  of  its  phlogiston,  and  waa  reduced  to  nitrous  acid"  (Phii 
Truns.  17S5,  p.  380),  As  illustrative  of  this  process  ha  mentions  the  oxidation  of 
mercury  in  his  first  pap«r,  and,  even  in  1780,  the  formation  of  nitric  add.  He  had 
fonnerl^  come  to  the  conclusion  that  phlogisticated  air  ( nitrogen)  was  "nothing  else 
than  mtrous  acid  united  to  phlogiston.  According  to  this  conclusion,  phJogiatiovlcd 
•ir  onght  to  be  reduced  to  mtrous  acid  by  being  deprived  of  its  phlogiston.  But  84 
dephl^isticated  air  is  only  water  deprived  of  ite  phlogiston,  .  .  .  therefore  phlogisti- 
cated air  ought  also  to  b*  reduced  lo  nitrous  acid  l»y  being  mode  to  unite  to,  or  form 
a  chemical  combination  with,  dtpldogisticated  air,  only  the  acid  fonned  this  way  will 
be  more  dilute  than  Lf  the  phlogisticated  air  was  simply  deprived  of  its  phlogiston " 
(PhiL  Trans.  1785,  p.  379).  This  assumed  dilution  of  the  acid  shows  that  he  considered 
water  to  be  produced  by  the  tnuwfer  of  phlogiston  from  nitrogen  to  oxygen,  as  well 
as  by  the  transfer  of  phlogiston  from  hydrogen  to  oxygen,  just  as  he  considered  it  to  be 
produced  also,  by  the  transfer  of  phlogiston  from  mercury  to  oi^gen,  and  to  renuun 
aa  a  constituent  of  the  oxide  of  mercury. 

The  argument  that  Cavendish  regarded  water  as  a  compound,  reats  aolely  upon  the 
MPumption  that  he  considered  inflammable  air  to  be  phlogij^ton,  an  assumption  not 
only  quite  gratuitous,  but  directly  opposed  to  his  own  8t:<tementa  as  to  this  point. 
"I  know  of  no  experiment^"  he  says,  *'  which  shows  inflammable  air  to  be  pore  phlo- 
giston, rather  than  a  onion  of  it  with  water,  unlese  it  be  Dr.  Priestley's  experiment  of 
expelling  inflammable  air  from  iron  by  heat  alone;"  and,  he  adds,  it  is  "more  likely 
that  the  inflammable  air  was  formed  by  the  union  of  the  phlogiston  of  the  iron  filings 
with  the  water  dispersed  among  thfm"  (Phil.  Trans.  1784,  p.  137).  Even  the  fact 
that  the  water,  produced  by  explciding  a  niixture  of  inflammable  and  dephlogistioated 
air,  was  equal  to  the  joint  weight  of  tbe  two  gases,  was  not  interpreted  by  Cavendish 
as  indicating  the  formation  of  a  compound,  according  to  present  ideas,  but  merely  as 
showing  that  botli  kinds  of  air  wvte,  as  be  expresses  it,  "  turned  into  water."  Tha 
change,  in  his  estimation,  was  of  much  such  a  nature  as  that  in  the  production  of  wat«r 
by  mixing  ice  and  steam ;  or  in  the  contact  of  a  negatively  electric  body  with  another 
jmeitirely  electric  He  even  expressed  his  dissent  from  Lavmaier'a  view  of  tlie 
fact,  whiile  admitting  that  it  could  be  aa  well  expreased  according  to  that  view,  as 
according  to  the  phtogtstic  theory' ;  and  he  speaks  of  Lavoisier's  view  as  an  "hypo- 
thesis," according  to  which  "we  must  suppose  that  water  consists  of  inflamimable  air 
united  to  dephlogistieated  air."  The  difference  between  Cavendish's  real  view  and 
this  expression  of  Lavoisier's*  will  appear  trivial  or  nothing  if  they  are  considered 
in  the  mAUuer  which  has  now  become  habitual;  but  the  fact  that  Cavendish 
took  the  pains  to  refer  to  the  diJfercnce  betwecQ  his  view  and  that  of  Lavoisier,  is  suffi- 
cient proof  that,  in  his  own  estimation,  the  difference  was  not  slight ;  and  if  the 
tendencies  and  spirit  of  tbe  phiogistic  theory  are  fairly  considered,  it  will  be  evident 
even  now  that  it  was  no  slight  dinerence. 

It  ia  only  to  the  disregard  of  the  point  of  riew  from  which  tliis  and  aimilar  pheno- 
mena were  considered,  according  to  the  phlogistic  theory,  that  the  spurious  argument 
and  signal  misconception,  chatuctcristic  of  much  of  the  water  controverny,  can  be 
ascribed — misconception  so  great,  that  the  late  Dr.  Wilson,  in  hie  biography,  has 
asserted  it  to  ha  "undeniable"  that  Cavendish  considered  every  oxidisablo  body  con- 
tained hydrtJgenl  "Inconceivable"  would  be  a  more  correct  term  to  apply  to  the 
notion  that  any  such  opiuion  was  ever  thoucht  of  by  Cavendieh,  and  more  consistent 
with  that  high  estimation  of  his  philosophical  character  which  has  always  been  »o 

tenerajly  entertained,  and  which  rests  on  eo  solid  a  foundation.  It  is  only  by  such  a 
isregard  of  the  phlogistic  point  of  view,  that  it  is  possible  to  account  for  the  attempt 
to  claim  for  Cavendiah  any  further  share  in  the  discovery  of  the  oompoeitioo  of  water, 
than  that  of  having  buen  thw  first  to  recognise  thefiict  that  it  was  the  sole  product  of  the 
explosion  of  oxygen  and  hydrogen  in  certain  propurtiuas:  with  regard  to  this  having 
V'aen  done  by  Cavendish  it  seems  hardly  powiible  that  tlicre  should  be  any  dispute. 
It  is  equally  jmpoaaible  to  perceive  any  ground  for  the  asM-rtion  that  he  did  anything 
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more  thnri  iwpply  the  evidence  of  the  eompontioii  of  watfT,  withont,  howerer,  Rirminij 
any  conwptioa  of  its  compound  nutnre.  or,  in  other  word^  ftdopUag  the  true  iatrfpiv- 
Ution  of  his  cijwrimfntal  result*.  If  the  mere  recognition  of  theiiut  tlwt hfiragfm 
und  oxygen  yicldfd  water  by  eiplosion,  be  held  to  coDStttut*  the  disooreiy  at  its  oon- 
poeitJon,  both  Warltire  and  Priestlt  y  should  be  alloired  to  Murticipftte  in  the  credit  of 
bavinz  ntAde  it,  and,  tu  ttome  exteut  also,  Mjicqaer  and  Dr  la  MetMtie,  wko^  in  1776, 
bad  oDecrred  that  water  was  the  product  of  eombu«tiun  of  inflammable  air.  But  tUa 
Tiew  that  water  waa  a  compound,  was  incompatible  with  the  ayatem  of  ch*>miral  phil/>- 
•ophy  then  prerailing:,  and  wnn,  in  fikct,  the  mc-itns  of  ftubrerting  it  The  credii  at 
baring  tint  given  the  true  intcrprotation  of  the  facta  obeerrerl  by  Curendiiiv  »  ca^ 
tHinly  due  to  LaToisier;  and  to  that  extent  be  may  be  regarded  aa  the  dfaeorw  of 
the  compoaitton  of  water,  inaemucih  aa  the  advancement  of  chemical  acienoeb  *t  ihal 
time,  ana  in  this  case  especially,  conHisted  more  essentially  in  the  correct  intexptvMtioa 
of  known  facts,  than  in  the  observatiun  of  new  faet«. 

It  would  be  improper  not  to  mention  here  the  claim  which  hsa  been  made  br 
Jiimes  Watt,  as  having  been  the  discorerer  of  the  eompoeition  of  walK,  •  data 
wbirh  Dpiif-ars  to  involve  a  disregard  of  what  really  con<«tJtutes  a  title  to  be  eaiminai 
»fl  a  discoverer.  Watt  certainly  was  the  flmt  to  put  furward,  in  1783,  the  opinioo  that 
wafer  wa«  a  compound  of  inflammable  and  dephlogi«ticHted  air;  bnt  that  opinion  ww 
merely  an  hypothesis,  bafied  upon  dat^i  famished  to  him  by  Priestley,  and  unaopporttd 
by  any  expenmentai  observation  of  his  own.  In  fact,  he  never  appears  to  have  Uiii 
claim  to  anything  more  than  having  put  forward  this  view  aa  a  speculation;  anil 
though,  for  a  time,  he  believed  h<>  had  been  unfairly  treated,  hia  only  complaint  «nw 
tlwit  his  "ideas"  had  been  pirated,  mnd  that  no  mention  had  been  made  of  his 
"theory,"  eUh«'r  by  Carendish  or  Lnvoif<ier,  to  whom  it  had  been  comnatmieatcd. 

The  eotnmnnication  of  Cavendish's  results  to  Lavoisier,  by  Blagden  in  1788,  t^putt 
to  have  been  receive<l  by  him  with  doubt  as  to  their  accuracy.  The  combofltioa  of 
inflammable  air  had  already  occupied  his  attention,  about  the  end  of  1781,  aoderthe 
b^'lief  that,  lilte  Hulpbur  and  pho!(phoru>9,  it  would  yield  an  acid.  In  his  memoir  on 
this  »iibj«'ct,  read  in  178;<,  he  says,  "L'nnalopie  m'avoit  porti  invinciblcment  i  eoa- 
dure  qua  la  combustion  de  I'air  inflammable  devoit  ^galemeat  produire  un  acide,"  At 
the  time  of  Blagden 's  communicatiuo,  howLWor,  the  evolution  of  bydrog;en  when  meUh 
were  disaolved  l>y  dilute  acids,  and  the  reduction  of  metallic  oxidea  by  inflaimnabU 
air,  were  inexplicable  according  to  Lavoisier's  views ;  and  he  appears  to  have  thooglkt 
Cavendish's  experiment  sufficiently  important  to  repeat  it.  The  result  which  he  oh- 
tiined,  at  once  showed  him  that  his  preconceived  opinion  as  to  the  combustion  of  infbui- 
mable  air  was  wrong,  and  if  furnished  him  with  the  key  to  the  explanation  of  those 
difficulties  wliich  were  then  Iwing  urged  against  the  eorreotness  of  liis  views  by  Kima 
and  other  supporttra  of  the  phlogistic  theory.  He  followed  up  the  subject  W  dcom* 
[^•osing  water,  and  contribated  to  establishing  its  quantitative  composition.  Berthdlet 
and  other  chemiuts  soon  aflerwardfi  adopted  his  views ;  before  the  end  of  ths  18th 
century  the  aiitinhlogii«tic  theory  was  generally  estaibliflhed ;  and  with  its  establiahllkMtt 
the  ohemicul  importance  of  gaseous  imh«tance«  was  fully  recognised. 

Since  thfit  time,  the  knowledge  of  the  chemical  and  physical  characteTB  of  gsMS 
been  largely  ext*>nded  by  the  investigations  of  numerous  t'hemists.     The  n^latka 
volume  obtaining  in  the  combination  of  gas*4,  flrat  deiioitely  pointed  out  by  0%^ 
LuBsac  and  Humboldt  in  1605,  and  eubsequently derelopfld  by  the  lonMrtn  18M. 
have  but  recently  been  fully  brought  to  bear  upon  the  theoiy  of  chemical  oraadtntioa, 
and,  like  the  phenomena  of  diffusion  investignted  by  Dal  ton  and  Graham,  hsloqf 
so  entirely  to  the  chemistry  of  the  present  time,  that  they  will  require  to  be  treated  is 
separate  artirlceu  B.  H.  P. 

HAM  BVRirEKa  AWO  nTBlTAClIS.  The  forms  of  gns^bumer  nsed  far 
illumination,  are  deecribed  in  Urc's  DicUunary  of  Arts,  Manufacturts,  and  Mv*et,  Art. 
OoilIi-oas,  i.  733.  In  these  burners,  the  main  condition  to  be  ftilfiUed  ia,  to  supply  0\« 
flame  with  just  so  much  air  as  to  bum  the  whole  of  the  hydrogen  in  the  gas,  ftnd  a 
sufficient  quantity  of  the  carbon  to  prevent  the  formation  of  visible  smoke,  but,  at  t)wi 
Biirae  time,  to  separate  a  certain  quantity  of  thi*  carbon  within  the  flame  in  the  fijnn  »/ 
minute  solid  particles,  which,  being  rendered  incandescent  by  the  flame,  impart  to  it 
n  high  degree  of  luminosity ;  perfHct  combustion  ia  not  desirable,  as  all  the  produrtj 
wouJd  then  be  gaseous,  and  very  little  Kght  would  be  emitted.  (See  CoMBrsnox,  i,  IWi 
a^nd  Flakr,  ii.  6&i.)  But  when  coal-gas  is  used  as  a  soun^e  of  heat,  it  is  desinthle  m 
make  the  combustion  as  ctimplets  as  possible,  as  this  condition  insures  the  prodBctioii 
of  a  high  tempeiaturo  and  the  nbseace  of  smoke.  This  object  is  Bttain«d  by  mixisg 
the  combustible  gas,  before  it  reaches  the  burning  point,  with  the  qaaotity  et  air 
required  to  burn  it  completely.  A  friraple  and  eflfectivs  contrivance  for  this  pnrpcw  is 
to  flx  on  the  top  of  the  chimney  of  an  ordinary  azgand  gas-bamer  a  piece  of  wiw- 
gaure,  then  turn  on  the  ga.'<,  and  light  it  above  the  guuse.    The  gas  "*^       "^ 


n  1809.        1 
itntioa,         ' 


AND  FURNACES. 


783 


mix«1  vith  air  in  pasBin^  up  th«  cMmsej,  imd  thii  mixton,  vhen  art  on  Are  abor« 
the  wiro-gaaze,  bumii  with  a  palo  blae^  perfectly  amokelrss  flacie»  prodoioiiig  a  venr 
intense  heat^  and  irell  adaptiKl  for  hcstiag  baaiiia,  soiaU  crociblei,  or  otbtf  roaaela.  if 
the  wire-ganxa  is  of  the  proper  degree  of  Inencaa,  and  fitii  cIohcIj  on  to  the  top  of  the 
ehimiMj,  the  flamo  wilt  not  extend  to  the  mixtore  of  air  nod  gas  below  the  wire-gauze, 
bwanm  io  paasing  tturaugh  the  meihea,  itxwould  be  cooled  below  the  borniDg  tempe- 
ntore.  as  in  the  miner's  iiafety-tainp  (i.  1101). 

Bat  the  form  of  gas-bamer  now  most  generally  used  in  chemical  laboratoriea,  xa  a 
BOOKe  of  heat,  ia  that  contrired  by  Professor  Bonnen,  and  repn^^ented  in  fig.  496.  Tie 
gaa,  sopplied  by  a  flexiblp  tube  att^iched  at  /.posMw  through  a  aptof  f^  ^g^ 

small  holei  into  the  box  a,  in  which  it  mixes  with  atmoHpheric 
air  ent{>ring  fri>«ly  by  a  number  of  holes  as  shown  in  the  figure. 
The  ga-seoua  mixture  pnasee  up  tha  tube  6,  and  ia  inflamed  at  the 
top,  where  it  bums  with  a  aingle  tall  blue  flame,  which  givcti  uo 
•moke  and  very  little  light,  but  much  heat.  The  flame  may  be 
made  large  or  small  at  pleaaure  by  regulating  the  supply  of  gaa ; 
and  by  arranging  two  or  more  such  tubes,  togetlicT  with  au  air- 
box  oontaining  a  sufficient  number  of  boles,  a  very  powerful  burner 
■MT  be  constructed.  ^™« 

This  form  of  burner  ia,  however,  subject  to  two  defects;  some-  ■^ ' 

llinM  the  flame  bums  white  and  amoky,  and  soroetimee  it  blows 
down,  the  gaseotu  mixture  eirplodiiig,  and  thegaa  then  burning  with 
a  amok^  flame  in  the  air-box  a.  The  remedies  for  these  defects  are  as  follows :  •*  If  th* 
flame  is  white  only  when  the  gas  ia  turned  on  reiy  full,  the  remedy  ia  to  lessen  thr 
■apply  of  gas;  but  if  the  flame  coutiaues  to  bum  white  at  the  top,  when  the  gas 
is  gradually  turned  oflf"  and  the  masa  of  flame  slowly  sinks,  then  the  hoIr>s  which 
deliTer  the  gas  from  the  supply  pipe  into  the  air-box  are  too  large,  and  arc  placed  too 
directly  unucr  tlie  centre  of  the  vertical  tube  h :  these  defects  must  be  corrrcted  in  the 
instrument  Finally^  when  the  flame  blows  down,  it  ia  because  the  supply  of  atmo- 
spheric air  is  too  lajge  in  proportioo  to  the  supply  of  gas,  and  their  relative  pro- 
portiona  must  be  sltered.  To  effect  this  »lteration,  Mr.  Griffin  (to  whose  kindness 
the  editor  ia  indebted  for  the  following  descriptions  of  gaa  bumera  and  famacas) 
places  OTcr  the  air-box  a  a  thtin  brisss  cap,  t,  perforated  with  holes,  and  capable  of 
turning  round  bo  as  partially  to  close  the  holes,  and  thus  lesaen  the  supply  of  air.  If, 
when  the  g&s.  \&  alight,  the  flame  needs  to  be  lowered,  first  the  supply  of  air  is  to  be 
lessened,  then  the  supply  of  gas.  If  llio  flame  ia  to  be  enUrgcd,  flnt  the  supply  of  ps 
must  be  increased,  and  then  the  supply  of  air.  In  short,  to  prevent  the  flame  blowing 
down,  the  gas  most  always  be  first  placed  in  exceaa,  and  then  hare  the  proper  quantity 
of  fur  adjusted  to  suit  it,  by  meana  of  the  regulator  e. 

To  product)  u  sprt?iiding  flame,  and  render  the  bomar  better  adapted  for  heating  an 
eTaporating  basin,  Mr.  Griffin  places  over  the  mouth 
of  the  vertical  tube  b  {^Hg.  496),  a  flat  cast-iron  box, 
</,  with  many  holes  round  its  murgin,  and  a  few  small 
ones  on  the  (op.  The  flame  thus  produced  consista  of  a 
scries  of  radiating  jets,  forming  a  horiicoiital  cinulAr 
flame.  Fi^.  i9'7  represents  a  variety  of  tliis  rose  burner 
in  which  the  head  is  not  nmovable,  but  the  efflux  of 
the  mixed  coses  is  regulated  by  a  tilidii^g  vdive  b. 
When  the  slide  is  poahed  over  the  cvntraJ  bole,  the 
burner  gives  a  numbrr  of  email  flamt.«  in  a  circle  suit- 
able for  boiling  and  evaporation;  when  it  is  puslu-d 
aside,  the  burner  gives  a  single  tall  flame  uduptad  for 
igniLioD  and  fusion. 

CMw  ramaces.     The  power  of  the  burner  juxt 
described,  and,  indeed^  of  every   kind   of  gas-burner, 
may  be  greatly  increased   by   surrounding  the   dunie  ' 
witli  a  jacket  of  fire-clay,  or  some  othtir  subtitance  of 
small  conducting  power,  which  will  prevent  the  dissi 
patioD  of  the  heat  by  radiation.     In  this  manner  gaa  fax- 
nacea  may  be  constructed  capable  of  producing  very  high  temperatures  with  but  a  small 
expenditore  of  gas. 

Fig.  498  represents  a  gas  fumnce  arranged  for  boiling  and  evaporation,  a  is  the 
gas  burner,  like  th.u  represented  in  fitf.  496 :  it »»  12  inches  high,  the  bore  of  tlia  lobe 
d  is  1  inch,  and  the  diameter  of  the  flr«»-boi  c  is  4  inches  :  A  is  an  iron  stool  with  lhr<«e 
legs:  c,  a  furnacA-body,  or  iron  j;uket,  lined  with  plumbago  or  fire-eluy.  Ft^.  199 
shows  the  jacket  and  liniag  in  seetioo.  and  marks  the  poejtion  of  the  flr*^iK>x.  c,  of  the 
gas-lmnter.    This  furnace  is  H  ischea  high  and  9  mchos  in  diameter.     The  three 
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bracVcta  fixed  on  the  Tipper  part  of  the  jacket  aeire  to  sopport  th^  tamcI  cootaimtf 
the  liquid  to  be  boiled  or  evaporated.  A  porcelain  bnain  16  or  lb  inches  in  diameter 
can  be  tiiiu  supported.    It  is  important  to  allow,  between  the  jacket  o  and  the  ernpo- 

rsting  baaio,  plenty  of  epace  Car  the 


Fig.  498. 


Fig.  600. 


Fig^  490.       escape  of  the  heated  air  wfaidi  aaetada 
from  the  interior  of  the  fomaeei    Wbea 
the  evaporutiog  baain  ia  of  small  di^ 
meter,  it  may  be  mppoited  on  trianglaa 
placed  within  the  furnace  c    Round  the 
vertical  tube  of  the  gas-bumer  a.  there 
ill  in  the  bottom  of  the  fumaoe  e  {Jig. 
499)  a  circular  opening  2  inches  in  dia> 
meter,  through  which    the    air   psaeis 
f^eeW,  partly  to  feed  the  flame  and  partly  to  be  healed 
by  the  flame,  and  directed  upwards  in  a  continooua  car- 
rent  upon  the  lower  mr&ce  of  the  boain  that  ia  to  b« 
heated.     The  ftune  within  the  furnace  bums   stea^iilj. 
No  side  cuirenfs  of  air  agitate  it     No  part  of  it  toiuhMi, 
or  mu£t  be  perniilti><l  to  touch,  the  basin,  Vrfaiek  should 
receive  its  heat  solely  from  the  mass  of  ascrading  hot  air. 
The  gas-boruer  thus  ananged,  and  supplied  by  a  0Wi»{» 
of  ^  inch  bore,  bums  about  83  cubic  feet  of  ga«  ia  an  aca^ 
and  the  liaiMc  wiu<  ii  it  produces,  acting  upon  water  contained  in  an  open  poroelaia 
eTaporating  basin,  will  heat  from  60°  to  212°  F.: 

1  quart  in  5  mi  notes    |     1  gallon  in  15  minntes    [    2  gallons  in  30  miantei 

When  the  water  boila,  it  ia  driven  off  in  steam  at  the  rate  of  more  than  a  gallon  of 
water  per  hour. 
By  mcreusing  the  draught  and  confining  the  heat  still  m6re,  the  same  gas  bqiMr 
may  be  made  to  give  heat  enough  for  the  " 
silicates  with  carbonate  of  soda.     Fig.  600  rep, 
^  furnace  contrived  by  Mr.  OrifBn  for  this  pu. 
IB  the  gas-buro«r ;  b,  a  toll  iron  st^ol ;  e,  a  chimne 
collects  atmospheric  air  to  feed  the  fiame,  and  leai 
dose  to  the  vertical  tube  of  the  gas-bumer,  by  i 

contrivance  the  air  is  wanned  and  the  tube  cooled;  i_ 

a  6ole  or  plate  of  fire-clay ;  i  is  a  cylinder  of  flre-diy. 

4  inches  high,  and  4^  inches  diameter ;  Jt  it  tk  pIoB* 

bngo  or  fire-clfty  ftimaee,  in  which  is  placed  a  smsfl 

cast  iron  rin^,  the  fomi  of  -which  is  Bhown  in  fy.  Ml, 

and  on  this  nng  the  platinum  crucible  is  a4iusted;  lit 

a  firc-dny  or   plumba^  reverbcailoy 

Ftff,  fiOl.     dome;  and  g  is  the  chimney,  24 f  * 

long  and  3^  inches  wide.     The  i 

being  adjusted,  the  gaa  lighted,  I 

dome  and  chimney  pat  on,  the  Isnn  c 

12  or  liS  minutes,  aeconltng  to  the  qaa- 

^■n     Uty  and  pressure  of  the  gas,  sufflesa  tat 

^^r^l     the  fusion  of  1 000  grains  of  eariioiHte  sf 

soda  in  a  platinum  croctble.* 

The  crucible  is  placed  very  high  above  the  < 

the  tube  a  at  whiah  the  gas  is  inflamed.     The  < 

is,  in  fact,  about  10  inches,  the  point  of  maximtnn  hei^ 
in  the  flame  being  at  neiirly  that  distance  from  th* 
burner,  more  or  less  according  to  the  pressure  and  tin* 
qmility  of  the  gas.  The  pas  which  rises  from  lb' 
bunaer  a,  though  mixed  with  as  much  air  as  it  ^ 
bear  withottt  iwscomiog  explosive  when  light-d,  ' 
not  contain  Hufficient  oxygen  to  bum  all  the  eai 
presenf.  in  it  The  flame  produced  is,  eousequentlj. 
quite  superfidal  The  gaseous  mixture  bums  only  so 
the  surface,  where  it  is  in  con  tact  with  &e«h  atmoapberie 
air,  and  it  requires  time  to  takf>  up  the  requisite  aiDoaiit 
of  oxygen.    The  draught  produced  by  the  joint  i 

•  It  Mi  quanhtjr  orfbicd  rar)v>Date  or  loiU  U  pmnltted  to  cool  ao<l  cooioUdatc  la  a  i 
erwiWe,  tb«  »•!(  It  liable  to  eipand  and  bunt  the  crucIWe.  «««»«  <m  m  \ 
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of  the  ttro  ehiraae^rs  c  and  ff  carries  the  flame  rapidlj  to  a  gnwt  height  beforr  the  point 
of  oomplete  mmboiition  is  attained. 

When  the  highest  dmve  of  heat  is  not  required,  the  rererberatoiy  dome  /  may  bo 
omitted  It  most  aiao  be  dispensed  with  when  the  cmdble  to  be  heated  it  of  conipa- 
ratirelj  large  size,  because  it  is  then  liable  to  lower  the  tomperatnte  of  the  furnace  by 
iaipediag  the  draught 

FSa.  W2  ahows  a  form  of  the  fumaee  adapted  for  igniting  a  largo  fire-clay  crucible, 
•■  iraeo  oxide  of  copper  is  to  be  dried  for  use  in  organic  aaalysia.   The  crudble  is  en* 
•loaed  within  a  reverbemt^ry  dome  /     The  chim- 
ney is  proTided  with  a  damper  to  Icsncn  the  draught 
when  small  crucibles  are  to  be  heated. 

The  action  of  these  ftimaces  mny  be  judged  of 
by  a  peculiar  roaring  noise  which  thuy  produce.  If 
the  gas  and  air  are  mixed  in  due  propoztioiM,  the 
loar  is  regtilar  and  oontinuoua  If  there  is  too  much , 
gsa,  the  roar  is  leesenod ;  if  too  much  air,  the  loar  is 
incTCMed,  but  ie  rendered  irregular  and  intermittent. 
The  greater  the  noise,  the  greater  the  heat  in  the 
ftmaee:  but  when  the  roar  boeome^j  spasmodic^ 
the  flaaiA  is  on  the  point  of  blowing  down.  To 
TKtrmt  that  occurrence,  the  proportion  of  air  must 
be  loMCited  or  that  of  gas  increased. 

The  effiftcts  ascribed  to  the  various  amngeme nt« 
of  *h^n  gas-fkmacev  can  be  produced!  with  gas  sup- 
plied by  a  pipe  of  a  |-iach  bore,  and  at  a  moderate  pressure,  giving  from  SO  to  40  cubic 
re«t  per  hour. 

The  principles  of  heating  by  gas,  which  hare  led  to  the  eoDstnietion  of  this  famace. 
may  be  summed  up  as  follows  r^Wlicn  a  cnicible  or  othar  solid  body  is  to  be  heated, 
it  is  to  be  wrapped  tn  a  single  flame  at  the  point  of  maxtmom  baati  and  loss  of  heat 
l^  radiation  and  conduction  is  to  be  prevented  by  tlie  interpositioo  of  son-eondnetinc 
materials  (plumbago  or  fire-cL&yJi;  and  when  bqnida  are  to  be  boiled  or  evaporatec^ 
partiealarly  when  they  are  cootAUied  in  vemels  of  glass  or  porcelain,  the  flame  is  to  be 
Dioken  up  into  numerous  tioriaontal  jets,  and  thefie  are  to  be  made  to  supply  a  large 
and  regular  current  of  highly  heated  air,  by  which  alone,  and  not  by  the  direct  appu* 
cation  of  the  fiame^  the  vessel  containing  tlio  liquid  is  to  be  heated.  In  both  eases, 
provision  must  be  made  to  secure  a  sufficient  draught  of  air  through  the  furnace, 
MOBOse  erety  cubic  foot  of  gas  requires  for  combustion  10  or  12  cubic  feet  of  air,  and 
the  gu««  wiuch  have  done  their  du^  most  be  rapidly  carried  away  from  the  focus  of 
beat.  If  the  steam,  the  carbonic  acid  gas,  nnd  the  &ee  nitrogen,  which  constitute  the 
used-up  gases,  are  not  promptly  expelled,  fra»h  gaseous  mixture,  in  the  act  of  pro- 
dudne  additional  heat  by  combufltion,  cannot  get  near  the  object  that  is  to  be  heated, 
and  the  heat  so  produced  out  of  place  is  wasted. 

OrlAB's  Blast  0«s  romaoe.  This  is  a  more  powerful  apparatus  adapted  for 
metallurgic  operations,  such  as  fusing  considerable  masses  of  metal,  assaying,  ron»itinf^ 
&c  It  consists  of  two  parts:  flrst,  of  a  pirticuhir  form  of  gas-burner,  which  is 
supplied  with  gas  at  the  usual  pressure,  and  with  a  blast  of  common  air,  supplied  by 
bellows  or  a  blowing  machine,  at  about  ten  times  the  pressure  at  which  the  gas  M 
supplied;  and  secondly,  of  a  furnace,  which  in  built  ap  in  a  particular  manner,  round 
the  flame  produced  by  the  gas-burner,  and  the  crucible  expo5?"d  to  ignition.  The 
object  of  this  piirticular  construction  i«  to  accumulate  and  concentrate  in  a  focus  the 
hi-at  produced  by  tlie  gus  flame,  and  to  make  it  expend  its  entire  power  upon  any 
object  placed  in  that  focus.  This  apperatus  can 
be  made  of  various  sizes,  according  to  the 
amount  of  work  required  from  it. 

The  ffos-bunur  is  a  cylindrical  iron  resorvoir, 
shown  m  wction  in  Ji/f.  603,  which  is  drawn  on 
a  scale  of  one-third  tlie  foil  ^iz-s.  It  contains 
two  chambers,  nut  in  commanicatinn  with  one 
another.  Into  the  upper  chamber,  gas  is  al- 
loiwed  to  pass  by  the  tube  marked  oas.  Into 
the  lower  chamber,  air  is  forced  by  the  tube 
marked  aih.  The  upper  part  of  the  burner  is 
an  inch  thick  in  the  metaL  Through  this  solid 
roof,  holes  from  6  to  26  in  number  are  Iwred 
for  tbe  escape  of  the  gns.  The  cumber  of 
holes,  depends,  of  course,  upon  the  heating 
power  required  from  the  burners.  The  air  pas»Mfh)m  the  lower  clumber,  tkrottgh 
Vol.  n.  3  E 


Fiff.  603. 


786 


GAS  BURNERS 


a  leries  of  metel  lubes,  plaood  in  the  centre  of  the  gas-holee.  and  cnntino«d  to  the  i 
fftce  of  the  burner,  so  that  the  gas  and  lur  do  not  mix  ootil  both  hare  Ic^ft  tbc  ga*- 
barncr,  and  then  a  ciuwnt  of  air  td  blown  through  the  middle  of  each  jet  of  gu. 
The  bottom  of  tlie  g;as-bumer  is  made  to  OBserev,  and  the  diripioQ  betireen  the  I 
chamber*,  which  carries  the  air-tubes,  is  easilj  removable  for  the  purpose  of  b 
cleaned.  The  oas  and  air  pip«M  generally  used  in  the  inventor's  experiments  ven  1 
half  an  inch  in  the  bore,  and  ten  inches  long ;  the  gan  bad  usoalij  a  preunrB  of  | 
an  inch  of  water,  and  the  blast  of  air  about  ten  times  that  presnuv.  Tb«  <niasti|j| 
gas  used  in  an  hotir  was  about  100  cubic  feet.  The  stopcock  wbich  supplied  it  ha_  _ 
Dure  of  half  an  inch.  The  round  rod  represented  at  the  bottom  of  the  burner,  fig.  60S, 
iij  intended  to  6t  it  to  the  support,  shown  by  h,  'wifigi.  606  and  606, 

When  tho  gas  is  lishtM  and  the  blast  of  air  is  jput  on.  the  flame  prodooed  bj  the 
gas-burner  is  quite  blue,  and  free  from  smoke.     It  u  two  inches  in  diameter,  andt*' — 
inches  high,  and  the  point  of  greatest  heat  is  about  two  inches  above  the  flat  £" 
the  gaa-bumer.     Above  this  steady  bine  flame  there  rises  a  flickering  ragged 
several  inches  in  height,  varying  with  the  preesore  of  the  ga&.     In  the  blue  flame,  I 
platinum  wirfs  fuse  readily. 

When  the  gas  is  burning  in  tiiia  manner,  and  the  apparatus  is  attaehod  to 
tuhefl,  the  burner  may  bo  inverted  or  held  gid>>ways,  without  disturbing  Um  J 
regalarity  of  the  Bame,  so  that  the  flame  miiy  be  directed  into  afaznace  At  the  I 
the  top,  or  the  side,  as  cirtmmstances  may  require. 

The  folloTwng  articles  are  used  in  building  up  the  gas  furnace  for  diffareat      ^_ 

menta.     They  vary  in  si»}  according  to  the  volume  of  the  crucible,   or  the  wo^giit  rf 
the  metal  to  be  heated. 

I.  A  circular  plate  of  fire-clay ,  two  inches  thick,  with  a  hole  in  thecentit^  couKtly  fit- 
ting the  upper  part,  of  the  eas-bunier,  which  la  made  to  enter  into  the  hole  tlKre«-qnait«n 
of  an  inch.    In  external  diameteT,  this  clay  plate  agrees  with  each  siae  of  furnace. 

%  A  cylinder  of  flje-elay,  of  which  two  pieces  are  required  to  constitute  the  body  of 
each  ftutiiaceb  In  flte'  middle  of  each  cylinder,  a  tiial-holc  is  made,  ooa  inch  in  «»• 
meter,  to  which  a  fire-day  stopper  is  adapted. 

3.  A  flre-clay  cylinder,  closca  at  one  end,  and  pierced  near  the  open  end  with  m 
holes  of  half  an  inch  in  diiimeter.  The  thickness  of  the  clay  is  inunateriaL  This  q- 
Under  is  throe  inches  high  and  three  inches  in  diameter. 

4.  A  circular  pkte  of  flro-clay,  two  and  a  half  inches  or  three  inches  in  iKattrtff 
and  one  inch  thick.     Similar  pieces  \  inch  thick  are  usefoL 

6.  A  cylinder  of  plumbago,  to  be  used  as  a  cmdble  support.  It  is  three  iaebas  ia 
inside  diameter,  one  incb  in  height,  and  pierced  with  twelve  holes  of  three-ei^ithsofM 
inch  bore. 

6.  A  similar  cylinder  of  plumbago^  two  or  three  inches  high,  pierced  with  34  ImIm 
of  three-eighths  of  an  inch  bore. 

7.  A  thin  plate  of  plumltago,  three  inches  in  diameter,  vis.  of  the  same  dt«iDet«^| 
the  cylinders  6  and  6.     It  has  a  small  hole  in  the  middle,  and  being  of  soft 
the  hole  can  be  eaaily  cut  or  filed  to  suit  crucibles  of  any  desired  size. 

To  suit  the  larger  kind  of  craciblea  and  fiimaces,  cylinders  ai«  made  i 
above  in  form,  but  of  greater  diameter. 

As  in  all  caseA  the  heating  power  of  the  gas  furnace  spreads  laterallj  and  dow  i^ 
rise  vertically,  the  most  advisable  form  of  the  crucibles  required  for  use  in  it,  is  Aori 
and  brmd^  not  tall  and  narrow,  and  the  supporting  cylinders  must  be  shaped  aoeont 
ingly.  No  fiir-brirs  or  grates  most  bo  used  to  support  the  crucibles  in  this  gu  bamK 
because  no  material  formed  into  narrow  bars  can  safficicntly  witbstimd  its  powv  of 
fusion  and  combustion. 

8.  A  plumbago  cylinder,  or  eradble-jacket,  two  and  a  half  inches  high,  two  and  i 
half  inciips  in  diameter,  and  a  quarter  of  an  inch  thick  in  the  valht  It  Hac  biz  boks 
of  tliree-eighths  of  an  inch  diameter  near  one  end, 

9.  A  circular  cover  or  dome  {^fia.  604)  flanged  at  the  bottom,  and  hsTtng  a  I 

handle  at  the  top.     It  is  pierced  with  24  holes  of  s  < 

J^t  604,  an  inch  in  diameter,  arranged   in  two  rows  near  Ui 

This  dome,  when  of  small  lisa,  is  made  of  plumbago;  vhai 
large,  of  fire-clay. 

10,  Plumbago  cracibles  made  with  a  solid  overhanging  rim, 
the  US©  of  which  is  to  suspend  the  crucibles  over  the  gas-bama; 
by  means  of  the  cylinders,  Noe.  6  and  6.  When  the  cn»ciblei 
are  too  small  to  fit  the  cylinders,  the  flat  plate,  No,  7,  is  filed  Ui 
fit  the  crucible,  and  is  Uien  placed  on  the  cylinder;  to  whose  dia- 
meter it  ia  adapted. 

Besides  these  pieces  of  flre-clay  and  plumbago,  it  ia  necessary  to  be  provided  with  a 
strong  iron  tripod^  to  sustain  the  fomace.  as  represented  by  c,  in  fig*,  506,  606 ,  n 
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iron  pan,  in  which  to  place  the  fdniace ;  and  a  quantity  of  givTel,  or  toonded  flintA, 
Dot  leas  thao  half  an  inch,  nor  more  than  one  inoh  in  diameter.  Theae  pcbblea  fonn 
an  ■■ential  part  of  the  gaa-fornace^ 

Goa-fttmae*  heated  at  tie  top,  rxkibiied  in  4«eHon  bjf  Fig.  605. -a is  tha^aa-burarr, 
(/ff.  603) ;  b  ia  th«  nippoct  fat  it,  when  tu«d  below  tho  famaee ;  e  i«  tho  iron  tripod 
support  for  the  fnmaee;  ^  if ,  are  two  performed 
clajr  plnt«a,  like  No.  1,  adapted  to  the  gaa-bonifr 
o ;  r,  f,  are  two  claj  nrtinderB,,  h'ke  Na  2.  Theafr 
pieera  a  to  e,  are  siniiur  in  all  the  liomacea  ropre- 
aanfced  hyji^t.  605  and  506. 

The  interior  of  the  fumiice  is  bTxilt  ap  as  foUowa : 
—  The  cky  plate  d,  is  put  upon  th«  tripod  o. 
Or«r  tho  central  hole  in  d,  thn  day  cjlindrr 
(No.  3)  is  placfd,  and  upon  that  cyliudcr  two  or 
three  of  the  claj  pl&tcfl  (No.  4).  Upon  tbeiie  a 
porcelain  or  platintuM  crucible  ia  plaeed.  If  it  is 
of  platinum,  a  piece  of  pUtinum  foil  may  be  put 
between  the  crucible  and  tho  tipponnost  eky  plat^', 
to  pfotaet  the  crucible  from  contact  with  particlta 
of  iron,  or  against  fusrion  with  tho  clay.  Tbe  cru- 
cible ia  to  be  eorered  by  the  plurobnffo  jacket 
(Na  8).  The  spaoe  bettreen  this  pile  in  th^  c<>ntre 
of  tbe  Aimace  and  the  two  cylinders  t,  e,  which 
form  tho  walla  of  tho  furnace,  is  to  be  filled  with 
flint-stonea,  or  gnrel,  washed  eiean  and  dried.  Tho 
iitones  which  answer  bast  are  rounded,  watCT'Wom 
pebblm,  of  half  an  inch  to  one  iaoh  diaiiirt«r.  These 
may  lie  piled  up  to  tho  top  edge  of  the  jacket 
(No.  81  The  numl'M>r  of  day  pktea(No.  -1)  must 
bo  ancn  as  to  bring  the  top  of  the  cnicibln,  to  tbe 
distance  of  two  inchp?,  or  two  and  a  hulf  inchea 
at  the  utmoat,  from  the  tint  ftici>  of  the  ga-s-burncr  a. 
In  eome  cawa,  nerelv  one  of  t]it«  fuma<y'  cylindt'rs, 
«,  is  necesBary,  in  which  caae  the  crucible  and  ita 
jacket  iji  placed  directly  npon  the  cylinder  (No.  8X 
and  when  only  a  modemte  heat  is  required,  even 
the  packing  with  pebbles  may  be  dispenaed  with. 
Another  means  of  diminiahing  the  heat  ia  to  iu- 
rreaae  tho  distance  between  (the  gae^bamer  and 
the  eracible. 

The  apparatus  being  thus  nrranged,  the  gaa  is  to  b«  tamed  on,  and  lighted  ;  the 
blowing-machine  ia  to  be  put  into  action;  and  the  nozzle  of  the  ga»-baTner  is  to  be 
depressed  into  the  central  hoU  of  the  clay  plate  tf ,  aa  shown  in  fy.  505.  The  whole 
force  of  the  blue  flame  then  etrikoa  tlie  crucible ;  part  of  it  forces  its  way  through  the 
holes  in  the  jacket  (No.  8),  and  part  of  it  rises  and  passes  over  the  np{>er  edge  of  the 
jacket;  after  which  it  forces  its  way  downwards  between  the  pebblee.  The  carbonic 
aeid  gas  and  the  vapour  of  water  which  result  firom  the  combustion  of  the  gas,  together 
with  the  nitrogen  of  the  air,  and  any  nncombincd  oxygen,  accompany  it  No  space 
being  left  open  for  the  escape  of  these  gasea  at  the  upper  end  of  the  furnace,  they  go 
downwards  through  the  interetioee  among  the  pebbles,  and  passing  through  tbe  holes 
in  the  cylinder  (No.  3),  and  through  the  central  bole  in  the  lower  pkte  d,  fig.  605, 
escape  finally  into  the  air.  In  this  progress,  the  hot  guses  gire  op  nearly  all 
their  heat  to  the  fiint'-stones.  Wati-r  and  gases  escape  below  at  a  Tcry  modfrate 
temperature,  water  even  running  down  in  the  liqtlid  state,  while  the  stones  rapidly 
aeqaire  a  white  heat,  and  if  the  blast  and  the  supply  of  gas  is  oontiuued,  they  retain 
that  white  heat  for  any  desiretl  len^h  of  time — for  hours. 

At  the  end  of  ten  minutes  after  lighting  the  gas,  the  cnieibis,  placed  in  the  dc^Mribed 
circnmstances,  and  exposed  to  the  Ml  action  of  the  heat  of  the  gas,  and  surrounded  by 
substances  which  are  bad  conductors  of  heat,  is  raioed,  with  the  jacket  and  pebbles 
around  it,  to  a  white  heat.  The  consequence  is,  that  the  full  power  of  the  gas  jet  is 
then  exerted  npon  the  crucible  and  its  contents. 

If  it  is  desired  to  inspect  the  substance  subjected  to  the  action  of  heat  in  this  fomsce, 
the  gas-burner  is  lifted  oat,  and  the  encible  is  examined  through  tho  hole  in  the  clay 
plate.  To  make  it  possible  to  inspect  substances  at  a  white  heat,  the  view  ic  taken 
through  a  piece  of  dark  cobalt-blue  glass.  If  the  substances  submitted  to  heat 
suffer  no  harm  firom  thf  action  of  oxygen,  it  is  bettor  to  dispense  with  a  crucibis 
cover,  and  throw  the  jet  finme  directly  down  upon  the  substance  to  be  heated.     Thei 
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aedon  it  then  more  rapid.     When  the  horner  is  taken  oat,  thd  vuhotaaea  in  te 
crucible  can  be  fltirrcd,  if  it  is  conaidered  neoesMiT. 

The  foUowing  experiment  will  give  an  idea  of  the  power  of  a  fomaee  of  thia  doaoru^ 
tion.  A  common  rlnj  crneiblo,  three  inches  high  and  three  inche«  dianetcr  at  th« 
mouth,  was  filled  with  about  twenty-four  ounoes  of  cast  iron.  It  wa«  moantMl  liln 
Jig.  606,  in  a.  furnacfl  of  four  inches  internal  diamet«r,  and  eight  inches  daepi  The 
pebbles  were  filled  in  to  the  edge  of  the  crudblo.  No  cracible-ooTer  and  no  jacktl 
were  osed.  The  flame  was  thrown  directly  upon  the  iron.  In  a  short  time  the  iroa 
melt«d ;  the  oxygen  then  conTorted  aome  of  the  cast  iron  into  magnetic  oxide  of  iroa, 
which  formed  a  thin,  infusible  mast  on  the  aorfaee  of  the  cast  iron.  At  twenty  minat«« 
from  the  lighting  of  the  gas^  the  furnace  was  diamonnt«d.  The  emeible  waa  talbm  oat 
A  hole  WAS  broken  by  an  iron  rod  in  the  infusible  »<urfac<'  of  oxidised  iron,  and  liM 
fued  cast  iron  beluw  it  was  decanted  into  a  mould,  and  mude  a  clear  casting  wcigjum 
twenty  ounces. 

In  the  same  small  furnace  32  ounces  of  copper  can  be  fnsed  in  fift««n  mina|«a 
When  the  furnace  is  hot,  that  quantity  of  copper  or  cast  iron  can  be  fnsed  in  taa 
minutes. 

In  a  furnace  of  the  same  dimensions,  but  with  a  gas-bnmer  haring  oolj  mx.  iactaid 
of  sixteen  jet«,  16  ounces  of  copper  or  of  cast  iron  can  be  ooropletolj  f\ued,  m  lis 
minntee  if  the  furnace  is  cold,  and  in  seven  nuinaUn  if  the  fomaoe  is  hot 

Thcae  experiments  show  tliat  within  twenty  minutes  a  heat  is  prodadbls  in  thii 
fttmace,  which  is  more  than  suflScient  for  the  decomposition  of  silie&toa  by  faaion  with 
tile  carbonates  of  potash,  soda,  or  baiyta. 

Gaa-ftanaee  hatted  at  ths  bottom,  exhibited  m  aeetitm  6y  fy.  606. — In  this  foinkre 
the  parts  marked  a,  b,  c,  d,  c,  e,  are  the  same  as  those  nmikrly  marked  in  jCff.  Mi; 

but  the  gas-burner  is  in  this  case  put  into  tbebottoB 
of  the  furnace,  instead  of  the  top,  and  the  ama||(- 
ment  of  the  emeible  and  its  support  is  altened  in  tji» 
manner  shown  by  the  figure.  Upon  the  ceatNof 
the  clay  plate  d,  the  perforated  plmnbago  cylinder  sad 
cover  (Nos.  5  and  6)  are  plaoMi ;  and  npoo  them  a 
flanged  plumljftgo  crucible.  The  size  of  the  crocibl^ 
and  the  height  of  the  perforated  cylinder,  areto  bt 
80  adjusted  that  the  bottom  of  the  crocible  sfaaO  fat 
struck  by  the  hottest  part  of  the  gas  flams;  tiat 
is  to  say,  the  space  left  between  the  face  of  the  g» 
burner  and  the  bottom  of  Uie  cmcTble  most  not  fx> 
coed  2^  inehea.  The  crucible  is  prorided  with  a 
closely  fitting  coFer,  and  pebbles  are  then  ftU 
between  the  crucible  jacket  and  the  furnace  i 
der  e,  and  are  covered  orer  the  cmcible  until  1 
the  pieces  of  the  furnace  e,  «,  are  filled.  Ths  I 
is  then  Ught«d,  tlie  blast  of  air  is  s<>t  on,  ti 
burner  is  forced  up  into  the  hole  in  the  clay  j 
and  the  operation  proceeds.  In  from  ten  to  1 
minutes  after  the  gas  is  lighted — this  difCeri 
time  depending  upon  the  sixe  of  the  fnmaoe  i 
weight  of  the  mefal  contained  in  the  ooeible- 
interior  of  the  tower  cyUndi?r  e  acquires  a  whits  I 
The  progress  of  tlie  operation  can  be  watohed 
occasionally  removing  the  stono  peg  in  the  trial  I 
of  the  fnmaee  cylinder  f.  The  heat  very  nlowly  ascmds  into  the  upper  cylindfT,( 
it  never  becomes  so  great  in  the  npper  as  in  the  lower  cylinder.  The  greatest  f  ' 
power  of  the  fiimace  is  confined  within  a  vertical  space  of  about  six  inches,  i 
from  the  bottom.  The  power  of  flint  pebbles  to  abfrtraet  hf^t  from  the  gai 
pass  through  this  apparatus  is  quite  remarkable.     When  about  six  inches  i^  \ 

lie  above  the  cmcible,  and  the  cruoble  and  the  pebblrs  about  it  have  been  wL 

for  half  an  hour,  the  band  can  be  held  over  the  top  of  the  furnace,  within  a  few  iniia 
of  the  pebbles,  without  inconvenience.  It  becomes  wetted  with  the  vapour  which  riam 
from  the  furnace,  but  fe«ls  only  a  moderate  degree  of  heat. 

This  form  of  furnace  is  attended  with  the  inconvenience  that  the  condirion  of  ths 
matter  contained  in  the  crucible  cannot  be  examined,  so  as  to  ascertain  whca  thr  bat 
has  been  continued  long  euough.  In  cases  where  the  f^ision  is  petfimnod  rcpMisdij 
on  the  same  weight  of  metnl,  this  would  be  of  no  importance,  beaiiiae  the  pow«r«f  th» 
furnace  is  so  ste^y  and  regukr,  that  the  time  of  firing  which  *«*»  been  found  to  aa> 
SWBT  once  will  answer  the  same  purpose  again. 

When  \t  is  sapped  th&t  Mm  fnsioo  of  the  metal  submitted  to  tri*)  is  compliCsd,  the 
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gM  is  ilnt  to  b«  tamed  off|  &ni]  then  the  supply  of  air  flopped.  The  ftirnaee  may 
ffither  be  allowed  to  remaiii  intact  tiU  it  is  cold,  or  it  mar  be  Ufted  off  the  cylindera 
ff  «  with  tongB,  and  the  hot  stones  allowed  to  &U  into  tne  iron  pan  pLaeod  b«low  the 
fimaoe  to  recvive  them.  A  few  bricka  ahould  be  Utd  between  toe  pan  asd  the  table 
or  stool  on  which  it  rest^,  if  the  latter  is  mode  of  wood;  because  the  heat  giren  off  by 
the  pebbles  is  yerj  great  The  pebbln  being  raked  away  from  the  cnicible,  the  con- 
tents of  the  kttw  can  be  examined 

Bir.  Griffin  has  also  contrived  forms  of  the  gas-fomaoe  pcovided  with  a  lifting  appa- 
ratxii  to  afford  aooeos  to  the  crucible  during  the  prugress  m  the  operation.  For  figmrs 
and  descriptions  of  the«e,  see  Griffin  a  Chemical  Rtcreaiiont^  10th  edition;  also 
Griffins  Sdc^Ufie  Circular,  Dtseember  1869. 

Oor«'a  Oos  rnraaca.  This  fuma<:^e,  invented  by  Mr.  G.  Gore,  of  Birmingham 
(who  bus  kindly  commanicated  the  description),  is  similar  in  princirle  to  the 
furnace  represented  in  flgore  600,  and  is  well  adapted  lor  heating  small  cruciblea 
to  high  temperaturw, 

a  {fig.  £07)  is  a  cylinder  of  fire-day  about  fl  inches  high  and  6  inches  diameter, 
open  at  both  ends,  and  with  a  hole  in  its  side  near  the  bottom  to  lead  into  the  chimney ; 
it  is  covered  by  a  movabte  plate  of  fire-clay,  B,  with 
a  bole  in  its  centre  for  introdaction  of  the  crucible  or 
of  substances  to  be  melted :  this  hole  is  closed  by  a 
perforated  plug  of  fire-clay,  c,  for  access  to  the  con- 
tents of  the  crucible;  and  that  again  is  closed  by 
another  stopper  of  cluy,  n.  a  is  a  chimney  of  sheet 
iron  about  6  or  6  feet  high,  kept  upright  by  a  ring 
of  iron,  F,  attached  to  the  top  of  the  fiirnuce. 

The  fireclay  cylinder  is  enclosed  in  a  shoot  iron 
casing  with  a  bottom  of  iron,  to  which  are  fixed 
three  iron  legs,,  o.  An  iron  tube,  a,  with  a  prolong- 
ation, 1,  supports,  by  means  of  the  screw,  this 
bomer  x  and  its  tube  l,  which  is  open  at  both  ends. 
Gas  is  supplied  to  the  burner  by  means  of  the  tap  u, 
which  has  a  small  index  k,  attached  to  it  for  assiat- 
ance  in  adjusting  the  gas. 

Inside  the  larger  cylinder  ia  another  ftre-clay  cy- 
linder or  cupok,  o,  with  open  ends,  and  with  three 
projections  of  fire-clay,  i>,  for  supporting  the  crucible  q; 
It  is  kept  steady  by  rneirns  of  three  clay  marbles,  k. 

The  gas-burner  is  a  thin  metal  cj'linder  deeply  cor- 
rugated at  its  upper  end,  with  the  corrugations  di- 
minishing to  nothing  ut  its  lower  end. 

The  action  of  this  furnace  is  as  follows : — Gas  is 
admitted  to  the  open  tube  l  by  the  tap  m  ;  it  there 
mixes  with  air  to  form  a  nearly  explosive  mixture, 
which  oscends  through  the  burner  and  burns  in  the 
day  cylinder,  o,  being  supplied  with  the  remainder 
of  air  necessary  to  complete  combustion  through  the  ' 
tube  H,  to  the  outer  surface  of  the  flame  by  means  of  the  spaces  between  the  corruga- 
tions. The  fiame  and  products  of  combustion  pass  up  through  the  cylinder  o,  and 
then  downwards  outside  it  to  the  chimney,  the  point  of  greatest  heat  being  at  Q.  It 
is  important  in  using  this  furnace  that  the  burner  be  placed  quite  in  the  centre  of.tho 
bottom  of  the  tube  o  ;  abo  that  a  crucible  of  not  too  huge  nor  too  small  dimensions  be 
selected.  The  most  suitable  way  of  supporting  a  smaller  crucible  is  by  placing  it  in  a 
larger  one  that  has  had  its  upper  parts  broken  off.  If  desirable,  a  little  day  luting 
may  bo  placed  round  the  top  edge  of  the  bon  casing  to  exclude  air  entering  between 
it  und  the  cylinder;  also  a  little  thin  day  luting  upon  the  part  of  the  bottom  of  the 
furnace  where  the  inner  cylinder  rests. 

la  lighting  the  furnace,  the  plugs  o  and  d  are  remoTed,  a  light  held  within  the 
c^vening,  and  the  gas  tiu-ned  on  full ;  should  the  flame  blow  down  to  the  bottom  of  the 
tube  I.  on  lighting  (which,  howerer,  rarely  ooeuis  unless  the  furnace  is  already  hot\ 
the  gas  mast  be  turned  off  and  the  bottom  end  of  i  momentarily  clo8<>d  whikt  lighting 
the  gas  as  before.  Should  the  flumft  not  bum  down  to  the  burner,  bnt  only  bum  at 
the  orifice  in  the  day  plate  b,  it  muat  at  once  be  extingui«hed  and  relighted,  othervnse 
some  of  the  gaseous  mixture  will  pass  into  the  chimney  unburned,  and  «ul»9eqoentJy 
ignite  and  cause  an  explosion.  A  large  fiame  now  issues  from  the  top  orifice,  and  is 
white  if  too  much  gas  i»  on,  and  violet  or  red  with  the  proper  (juoulily.  This  tlame 
geaerolly  diminbhcfl  and  nearly  disappears  into  the  Ixwly  of  (lie  ftimiHW  in  the  courBe 
of  one  minate :  whether  it  does  oi  not,  the  annular  plug  o  should  now  b«  inserted,  which 


790 


GASES— ABSORPTION  OF, 


yi\]\  comptd  it  to  pass  downwuda  to  the  chimudj ;  and  tm  soon  u  tlM  omall  l ^ 

flame  dittapf.«sr9  or  neiirlj  duuppeara,  aa  it  ▼ill  ia  a  few  seconds,  the  small  stopper  b 
sliould  ttlso  be  iiiBerted  ;  iiuteiid  of  this  the  laree  flame  may  be  deflected  agaiitst  tlia 
chimney  by  meuns  of  a  shoot  or  bent  piece  of  Bhe«t  iron  until  it  withdrawn  invarda ; 
the  plaga  c  and  B  may  then  bo  reiu«ert*d,  and  th«s  ga»-tap  partiy  adjust*^  The 
crncible  may  be  placed  in  the  furnace  eithef  before  or  aome  time  after  the  act  of 
lighting,  hut  not  immfdiately  after  (if  the  furnace  is  cold),  or  eiploaiona  may  oocnr  by 
an  burned  gaaeona  mixture  passing  thf)  crucible  into  the  chimney  and  igniting  aftenrardk 

After  about  Ato  minutfle,  the  gas  should  bo  a4]Uflted  ontil  a  sound  it  heard  issida 
like  a  aeriea  of  email  exploeioua.     This  sound  ia  sometimes  not  reiy  diatjaety  es 
cially  at  high  temperaturee,  and  therefore  requires  a  little  ezperieaoe  in  the  nie  of  I 
furnace  in  order  to  be  detected ;  it  ia,  however,  a  chief  miide  in  detennulIIiRt^'  — ^ 
amount  of  gaa,  and  should  therefore  be  caref^illy  studied.      To  aaaifit  in  a$i 
gas,  it  will  be  found  very  useful  to  place  a  small  piece  of  looking'glaas  be 
tube  L,  and  to  adjust  the  gas-tap  until  the  flamo  between  the  burner  and  the  i 
appears  wholly  violet  or  slightly  white ;  but  this  te«t  is  liable  to  failacy  if  cm| 
when  the  gaa  la  jn^  lighttnl,  bf^cause  the  coldness  of  the  parte  makes  the  flame  i 
whiter  than  it  ottmrwi.se  would  be ;  it  ia  alao  fidlaeioos  wban  the  flame  is  rexy  ' 
flame  appruring  whiter  than  it  really  ia  ;  it  ia,  fajDweree,  of  great  aaBifltanoe  i 
mediate  tempeniturG«.    A  rough  deposit  of  carbon  upon  the  outer  edge  of  the  i 
bdicatea  an  exceaa  of  gas. 

Lees  gas  is  reooLred  with  a  erudble  in  the  fbmace  than  without  one ;  also  laa  k 
nooeasaty  when  the  small  hole  at  the  top  of  the  fomaca  is  open  than  when  it  is  eknid; 
and  less  is  also  nquired  when  the  ftimace  is  cold  than  afl«r  it  has  been  lighted  sons 
time,  because  tho  draught  gra^ltially  increases  and  draws  in  mors  air.  ^fter  hsting 
accnrntely  adjusted  the  gas,  no  further  attention  to  the  furnaoe  is  re()iusitew 

HaTing  once  found  tlie  proper  a^i^*^^'^^  °^  g^  under  certain  known  ciitiUBftaaet^ 
it  is  well  to  notice  the  position  of  the  index  x,  in  order  to  bo  able  at  once  to  a^j^  ^ 
to  the  right  point  on  other  occasions.  The  gas  should  be  supplied  by  a  fupe  af  set 
less  than  gths  of  an  inch  bore,  with  a  main  pipe  of  half  an  inch  ;  but  aU  depends  o^ 
the  pressure  of  gaa  at  the  particular  locality,  which  is  rety  yariabla  The  ooasinaptHl 
of  gas  varies  frmn  30  to  40  cubic  feet  per  hour. 

The  top  of  the  chimney  should  be  placed  in  a  position  whore  the  products  of  i 
buAtJon  can  pass  freely  away  ;  if  it  is  placed  in  an  caning  or  pipe  leading  to  i 
chimney,  care  must  be  taken  not  to  have  the  draught  too  powerful,  otherwisB  I 
will  be  drawn  more  into  the  chimney,  and  the  supply  of  gas  in  the  daytime  i 

found  rather  deflcientv      The  furnace  will  act  satisfiu^rily,  though  leas 

with  the  chimney  standing  in  an  open  room,  without  any  special  ouuet  tot  1 
of  comhuBtion,  provided  the  full  height  ('6  fpet)  of  chimney  ia  employed ; 
cin'umstances  a  chimney  i\  or  6  foot  in  height  may  be  used. 

This  furnace  will  readily  melt  half  a  pound  of  copper,  or  six  ounces  of  OMt  I 
It  requires  from  20  to  30  minates  to  acquire  its  highest  temperature  ;  anrf  fit 
cnirance  part  of  the.  chimney  exhifntt  a  faint  red  heat  in  dayligat;  if  it  exhibits) 
more  than  this,  the  draught  is  too  powerfuL 

When  the  snioll  hole  d  is  open,  some  air  is  drawn  in  that  way,  and  leas  atrp 
up  with  the  gae  through  the  tube  o ;  bat  this  cold  air  does  not  much  dtmioiah  the  lanh 
|MTature  of  tlie  crnciblt',  because  it  combines  with  the  exeeas  of  gas  now  pesaingoifrlitt 
edge  of  the  inner  cylind(!r ;  it  however  renders  the  flame  round  the  crucible  whit*  \tj 
deflciency  of  air,  and  this  should  be  partly  corrected  by  lessening  tlie  amount  of  gaa 
An  excees  either  of  air  or  gaa  renders  the  surface  of  melted  copper  dulL 

"When  it  is  desirable  to  avoid  entirely  the  contact  of  air  with  the  fused  sabataBos 
during  manipulation,  a  thin  and  narrow  ring  of  fireclay  should  be  placed  upon  the  top  ef 
the  tube  o^  to  contract  its  opening ;  the  flame  then  completely  cloaea  over  the  top  d 
the  cTDcible  and  prevents  access  of  air.  A  proper  adjustment  of  gas,  tooather  with 
exclusion  of  air  m  this  manner,  enables  a  perfectly  bright  surface  of  mSted  ec 
or  even  tin,  to  be  continuou*lj  maintained,  from  which  the  images  of  the  pszCil 
are  clearly  reflected.  Tb«  clay  ring  may  be  withdrawn  by  lifting  the  plate  B.  .' 
perfect  cxcluision  of  air  may  bo  obtained  by  employing  a  narrow  emeible  placed  i 
low  down  in  its  sttppoit.  A  small  iron  dish  should  be  placed  beneath  £be  tohi  ^ 
receive  any  melted  Buhstance  that  may  fjtlL 

For  deecriptions  of  gas-fumaoea  for  orgutic  analysiB,  see  voL  i  p.  229. 

OA8B9,  ABSOSPTIOV  OF,  BT  XiZQtrZSB  AJTO  80X.Zl»ft.     All  solid  I 

liquid  eiibfanoc«  ab^trb,  orcondcDse  in  tlipir  p-^ivfl,  or  on  thpir  surfaiVR,  CCTt&in  defciire 
quantities  of  every  gajwous  bod^f  with  which  they  are  plac«l  in  oontacL  Th<>  anuraot 
ef  gas  thus  absorbed  depends,  in  the  first  J^laoe,  on  the  properties,  both  chemical  «Bd 
physical,  of  the  bodies  brought  together,  aiMi,  secondly,  on  the  temperatui«  andpwasiBa 
under  which  the  absorption  occurs. 


BY  LIQUIDS. 
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As  *  genenl  nie  Bolide  absorb  less  gat  th&n  the  same  volnme  of  liqmd  bodies ;  wad 
in  the  esse  of  solids,  thoa«  of  wbidi  s  giTcn  weight  cod  tains  the  Urg««t  anrfiuie  or 
which  sre  most  porous  Uke  up  the  laisest  quantity  of  gu.  We  are  as  jet  altogether 
iiDacquatiit«d  with  the  law  which  reguLites  the  atnotint  of  gw  absorbed  by  any  solid  or 
liquid  erubstanf«  tmder  any  condition  whatever;  any  knowledge  which  wa  posasM  eOD> 
cerning  the  abaorptive  powers  of  bodies  for  gases  moat  thorffore  be  entirely  empirieal. 
The  Tolnme  of  a  gas  which,  under  certain  fixed  conditions  of  temperHtore  and  pressure, 
is  absorbed  by  the  unit-volume  of  any  solid  or  liquid,  is  a  fixed  and  definite  quantity, 
and  is  cuUed  the  "CocfiJcieot  of  Amorption  "  of  the  body  for  that  particular  gaSk 
These  coefficients  of  absorption  huTe  been  determined  with  accuracy  for  Torioos  liquid 
and  gaseom  bodies,  and  certain  relations  existing  between  the  Tolume  of  gus  and  the 
temperature  and  pressure  under  which  it  is  absorbed  have  been  satis&ctorily  esta- 
blisned.  In  the  ease  of  solid  bodieii,  on  the  other  bond,  the  coefBdents  of  absorption 
are  not  capable  of  such  easy  and  accurate  determination,  naitly  owing  to  the  impossi> 
bility  of  obtaining  the  solid  matter  always  under  like  coaaitions  as  regsrds  its  state  of 
aggregation,  and  partly  because  the  amount  of  gas  absorbed  by  solid  Iwdies  is  in  gene' 
nil  extremely  smalL 

1.  Absorption  of  Gases  by  Liquids. — Oases  are  absorbed  by  liquids  under 
two  distinct  sets  of  laws,  according  hs  the  gas  enters  into  chemical  combinotion  with 
the  liqtlid  or  not.  Absorptions  of  the  one  class  are  simple  chemical  combinations,  in 
which  the  gas  is  absorbed  in  fixed  proportionfl.  regulated  by  the  known  laws  of 
chemical  action,  independent  of  alterationt*  of  pressure  or  temperature ;  examples  of 
this  class  of  phenomena  are  found  in  the  absorption  of  carbonic  acid  or  chlorine  gas  by 
a  eolation  of  cattstie  soda,  or  that  of  chlorine  or  hydrochloric  acid  gas  by  olcohoL  The 
Si^oond  class  of  absorptions  includes  the  cases  in  which  the  absorbed  gas  does  not 
enter  into  any  definite  chemical  combination  with  the  absorbing  liquid,  and  its  amount 
is  variable  with  tho  temperature  and  prcssuro  uodeir  which  the  saturation  ocean. 
The  one  class  we  may  term  chemical,  the  other  physical  absorptions.  Of  the  pheno- 
mena of  chemical  absorptions  we  shall  not  here  treat,  except  in  a  few  cases  in  which 
a  gas  enters  into  cbemiml  combination  with  a  liquid,  by  which,  at  the  same  time,  it 
is  absorbed  physically.  It  is  the  phenomena  of,  and  the  laws  relating  to,  the  physical 
absorption  of  gases,  which  here  more  immediately  concern  us. 

The  amount  of  a  gas  abaorbod  by  a  liquid  upon  which  it  exerts  no  direct  chemical 
action,  ia  dependent :  (1.)  on  the  specific  nature  of  the  gas  and  of  the  liquid ;  (2.)  on 
the  temperature  at  which  the  absorption  takes  place;  (3.)  on  the  pressure  under  which 
the  ab«)rption  lakes  place.  That  the  amount  of  absorbed  gas  depends  in  tho  flnift 
place  upon  the  ehfimicid  nature  of  the  gas  and  of  ih^  liquid,  is  seen  &om  the  fact 
that  the  solnliilitj  of  diflTerent  gases  in  tlie  same  liquid  and  of  the  same  gas  ia 
differmt  liquids,  varies  extremely.  Thus,  for  example,  1  volume  of  water  at  0"  C. 
absorbs  000193  volumes  of  hydrogea,  1-7907  volumes  of  carbonic  acid,  and  IISO'O 
volumes  of  ammonia ;  thus,  too,  wlmst  1  volume  of  water  at  0"  C.  absorbs  only  0*2663 
volumes  of  olefiant  gas^  1  volume  of  alcohol  at  the  same  temperature,  absorbs  3*596 
volumes. 

The  law  which  expresses  tho  relation  existing  b<»tween  the  quantity  of  any  absorbed 
gas  and  the  temperature,  appears  to  be  an  extremely  complicated  one.  to  the  nearer 
acquaintance  witu  which  we  have  at  present  but  little  due;  so  that  the  variation  of 
tho  amotint  of  absorbed  gas  with  the  temperature  must  in  every  case  bo  determined 
by  direct  experiment.  As  a  general  rule,  the  volume  of  gas  absorbed  decreases  with 
increase  of  temperature,  and  trice  trrsA  ;  thus  1  volume  of  water  st  0°C.  dissolves  68-fil 
volumes  of  sulpburouii  acid,  but  the  same  volume  of  water  at  24°  dissolves  only  31*8 
Yolnmcs;  thus  also,  1  volnme  of  alcohol  at  0^  absorbs  17*891  volumes  of  sulphiuetted 
hydropen  gas,  whereas  at  24°  the  quantity  absorbed  is  only  6*965  Tolomai.  This 
rnle  ia,  however,  not  without  its  exceptions  ;  thus,  ior  ejuunple,  hydrogen  is  equally 
soluble  in  wjiter  bt^tween  the  temperatures  of  0°  and  26**,  I  volume  of  water  between 
these  temperattires  dissolving  0*0193  volume  of  this  gas;  and  thus  also,  for  tempera- 
tures varying  from  0°  to  20°,  1  volnme  of  alcohol  dissolves  a  constant  amount  of 
oxygi^.  namely,  0-284  volume.  In  the  esse  of  many  of  the  lees  soluble  gases,  the 
alteration  in  the  absorbed  volume  effected  by  changes  of  temperature  lying  within  the 
range  of  ea^iy  i-x}>erinientiition  \»  m  small,  that  it  can  only  be  detected  by  accurate 
observation  rindee<l,  the  enrHer  chemists,  especially  Dalton,  believed  that  the  amount 
of  gas  absorbed  was  entirely  independent  of  the  tempemture. 

A  simple  relation  bofi,  however,  been  found  to  exist  between  the  amount  of  abdwrbed 
gas  and  the  prcasore  under  which  the  absorption  takes  place.  Within  certain  limits, 
which  we  shall  presently  more  nearly  define,  the  quantity  or  weight  of  gas  absorbed 
varie*  directly  as  the  pressure.  The  general  fact  that  under  increased  pressure  the 
amount  of  absorbed  gas  is  prreater,  has  been  known  for  u  long  time,  and  was  pointed  oat 
by  Cavendiisb  and  Priestley;  but  the  exact  kw  was  first  eouad»£ed  by  William 
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Henry,  in  t!ie  Philosophical  Transactions  for  1803,  in  thefoll<nringwo»d«:— "  \JxAtt 
gqual  circuniBtancM  of  temperature,  watpr  take*  ap,  in  all  cases,  in©  same  Tolom*  of 
condensed  gas  as  of  gaa  under  ordinarj'  pr<?ssnre.   But  as  the  spacea  occupied  by  erBiy 
gaa  we  inverwly  as   the  compreasing  force,   it  follows  that  water  takes  up  of  — 
condensed  by  one,  two,  or  more  additional  atroosphereH,  a  quantity  which,  or**— 
comprcsspd,  wo\ild  be  equal  to  twice,  thrice,  &c.  the  volume  ubaorbed  nnder  the 
preKsure  of  the  atmosphere."     Thus,  for  instance,  water  at  16"»  C.  absorbs  its  own 
of  carbonic  acid  under  whatever  pressure  the  absorption  may  take  place;  and  if  ths 
pressure  in  the  one  case  be  1,  and  in  the  other  2,  3.  4.  &c,  the  quantity  or  weight  of 
gas  absorbed  under  the  various  preasores  is  as  1  to  2,  3,  4,  &c 

This  simple  relation  holds  good  within  certain  limits  only,  b«caas«  Boyle'a  law  (that 
the  Tolome  of  a  gas  is  inversely  proportional  to  the  pressure  to  which  it  is  eubjeded), 
ttpon  which  this  relation  is  based,  is  strictly  correct  for  all  gases  only  within  a  oertsia 
mnge  of  pressure,  and  in  the  case  of  the  more  condensable  gases,  a*  carbonic  add  sal 
ammonia,  this  range  does  not  diverge  far  beyond  the  ordinary  prBaaiiTB  of  the  ateo. 
sphere.  The  cjcact  limit  above  and  below  the  normal  atmospheric  praaanre  at  wU^h 
this  relation  of  the  absorbed  quantity  of  gas  to  the  pteseore  oeasee  to  be  esa(\^^^| 
RB  yet  been  experimentally  determined  in  one  or  two  ease*  only.  ^H 

Wlien  a  miiture  of  two  or  more  pasca  is  allowed  to  remain  in  contact  with  a  liqnlil 
with  which  none  of  the  gases  enter  into  chemical  combination,  a  portion  of  each  gu  is 
absorbed ;  but  the  liquid  doea  not  dissolve  so  much  of  any  one  gaa  as  it  would  ben 
done  if  that  gas  alone  had  been  presenL  The  quantity  of  each  ^as  abaorbed,  is  a 
this  case  also  dependent  upon  the  pressure  which  each  gas  exerts  on  the  liquid  Wha 
two  or  more  gases  having  the  volumes  v,  v^,  »„  &c  eaSi  measured  under  uepmann 
P,  are  brought  t<:^ether,  they  difi\uie  into  each  other  until  the  particles  of  each  si* 
extended  equally  throughout  the  total  space.  If  the  pressttre  which  the  gaa  «  csoti 
before  mixiiig  was  P,  the  pressure  after  mixing,  Pi,  is,  according  to  Bojle'a  law,  etpal 

to  — .  P;  that  on  Vi  is    ^ .  P.-  and  that  on  «-  ia  * .  ?. 

V  +  V,  +  !'a  *  «  +  Wj  +  «a  t»  +  r,  +  e, 

the  sum  of  the»e  pressures  being  equal  to  the  original  preiniTe  P.  This  preasore  netbri 
by  one  of  a  mixture  of  gases  on  the  inclosing  space  mar  be  termed  "  partial  preasore." 
in  contradistinclion  to  the  smn  of  these  or  the  "total  presaoreL"     As  tbaamoantof 
a  single  gas  absorbed  by  a  liquid  is  proportioual  to  the  total  pressure  of  the  espmaest, 
so,  in  a  mixture  of  gases,  ia  the  absorbed  amount  of  each  proportional  to  the  paitial 
pri'SMure  on  that  gas.    This  law  regulating  the  absorption  of  mixed  gases  by  hqmit 
(vt-hii-h,  in  fuef,  includes  Henry's  law  for  total  pressures),  was  first  stated  by  Daltoaia 
a  paper  on  the  absorption  of  gases  in  liquids,  published  in  the  Manchester  Mnaoin 
for  1805,  cfjntaining  a  masterly  theoretical  treatment  of  the  whole  subject.     Ia  tJiit 
psper,  Diilton  discusses  all  the  cases  of  the  absorption  of  gases  by  liquids,  and  defiA 
the  law  which  regolatea  the  absorption  of  two  or  more  gases  when  their  yoltuae  is  a 
nit^ly  lai^  as  compared  with  that  of  the  absorbing  liquid,  as  also  the  law  n 
the  absorptioa  when  the  volume  of  the  ^a^ies  has  a  finite  relation  to  the  liquid, 
in  this  last  case,  that  the  al>8orptiometric  fquilibrium  occurs  when  the  pressnre  of 
gas  dissolved  in  the  liquid  is  equal  to  that  of  the  portion  of  the  gas  irfiieh  wig 
unabaorbed  above  the  liquid.     AJthough,  as  we  shall  see,  tliese  theoretical  icedla  an 
correct,  still  many  of  Dalton's  ideas  regarding  absorption,  being  founded  on  uiconydflls 
and  Inaccunite  data,  have  flince  proved  folse ;  thus  for  instance,  he  pictmvd  to  bnMdf 
the  act  of  absorption  as  nothing  else  than  an  infiltzation  of  the  liquid  by  the  molsa ' 
of  the  gas,  and  hence  assumed,  his  ex|)eriments  not  teadiing  him  otherwise,  that 
non-Yiscons  liquids  absorb  a  like  quantity  of  the  same  gas,  and  that  temperatora  (' 
not  affect  the  absorption ;  and  he  expresses  the  difficulty  which  he  has  to  acenoat 
the  fact,  too  evident  to  be  overlooked,  that  different  gases  are  absorbed  by  the  m 
liquid  in  such  very  varioiia  quautitieS. 

Hence,  owiug  to  the  incomplete  nature  of  Dalton's  experiments,  and  notwii 
tlip  fact  that  Sttussure  aftcrwurdfl  occupied  him.*elf  witn  the  subject,  the  law  of 
sores  must  be  considered  as  having  remained  without  a  sound  experimental  h^aoM, 
the  recent  exact  determi n ati ons  of  B nn a e n  and  his  pupils  ♦  placed  the questioa h«^ _,^ 
n  doubt,  pnmng  that,  within  the  limits  before  mentioned,  the  laws   of  DalioB  and 
Henry  axe  founded  on  fact. 

In  order  to  be  able  to  compare  tiie  solubility  of  the  various  gasee  in  liquids,  it  » 
usual  to  determine  tlip  volume  of  gas,  measured  at  the  standard  temperature  and  pts* 
sure  (0°C.  and  076m.  pressure  of  mercury),  which  is  absorbed  under  a  prearart 
0'7<5m.  of  mercury  in  I  volume  of  liquid  at  the  temperature  of  observatioo,  sod  ti 
Tolnme  is  called  Uie  "  Coefficient  of  Absorption  "  of  the  gaa  in  the  liquid. 

•  S«!Boni*n'»  Gawinrtric  AmlyfU.  LofuJon  -  Walton  and  Mabcrlr,  IMT,  artidis,  AtMorpdoa : « 
FMI.  Muf.t*]  )x.  Ii6am]  ISI ;  aUo  Ana.  Ch.  Pbarra.  adv.  ID;  xcv.  1  ;  ada.  139  ;  alio  Ck^.  r 
iju.  J.  «Ui.  Ift. 
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The  methods  adopted  bj  Baiis«o  and  hia  papila  for  the  det«rm  illation  of  the  co- 
efficients of  absorptwii  of  gasce  by  water  and  alcohol, —  far  thvav  ore  the  only  liquid* 
trhich  have  a»  jet  been  em{do7ed, — Taiied  according  to  the  solubthty  of  the  gu  in  th» 
liquid  nsed.  In  the  ease  of  the  rery  Boluble  gaaes,  the  amotint  of  the  absorbed  gaa 
was  determined  chemicallj :  in  the  case  of  the  leaa  aoloblegaMo,  a  peculiar  eadiometric 
proceaa  waa  adopted. 

The  gasea  whose  solubilitj  has  been  determined  by  chemical  methoda  are,  tul' 
phurfitcd  hydrogen,  tuiphurotu  acid^  ammonia,  and  chlorine;  these  gasea,  eiroWcd  in 
»  state  of  purity,  were  pa«8ed  for  a  long  time  through  a  large  volume  of  liquid,  which 
had  been  freed  from  air  "by  long  continued  boiling,  and  was  kept  at  h  constant  tem- 
perature during  the  experimenL  After  the  gas  had  passed  so  long  through  the  liquid 
that  the  latter  was  completely  satoratcd.  the  barometric  presaore  was  read  off  and  a 
known  Toltuoc  of  the  liquid  was  withdrawn,  special  precautions  to  avoid  poesiUe  loss 
of  gas  being  obsenred,  and  the  gas  contained  in  this  liquid  qoantitatirely  determined 
eitb(Br  bj  means  of  volumetric  analysis  or  by  the  othw  ordinary  processes  of  analytical 
chemistry. 

If  the  volume  of  the  liquid  does  not  undergo  any  appreciable  increase  in  bulk,  owing 
to  tlie  absorption  of  the  gas,  we  are  able  eauly  to  calculate  the  coeffidents  of  absorp- 
tion from  the  data  obtained  by  this  process.  If,  howerer,  as  is  the  case  with  all  the 
more  soluble  gases,  the  voltune  of  the  saturated  liqaid  is  oonsidernbly  larger  than  that 
of  the  liquid  before  saturation,  it  is  necessary,  either  to  determine  the  amount  of 
this  increase  of  bulk,  or,  what  is  the  same  things  tho  spedflc  grarity  of  the  saturated 
eolatioD,  or  elie^  by  a  modiflcatioD  of  the  prooees,  to  saturute  only  a  small  Tolome  of 
liquid,  and  to  determine  the  absolute  quantity  of  gas  aheorbed,  by  weighing  before  and 
after  the  satnratioB.  As  an  example  of  this  calculation,  we  may  choose  an  actual 
experiment  of  the  determination  of  the  solubility  of  sulphurous  aciii  in  abBcliite  alcohol 
at  20*.  It  was  found  that  4  volumes  of  the  alcohol  saturated  with  sulphurous  acid 
at  20°  C.  and  under  a  pressure  of  3-7438  m.  of  mer- 
cory,  oontainod  1*092  grma.  of  sulphurous  acid: — re*  p^^   r^^^^ 

quized  the  volume  of  gas  at  0°  and  0-76  contained  in 
the  onit-volume  of  pore  alcohol,  when  the  specific  gra- 
vity of  the  saturated  solution  at  ZO"  is  0-0404,  and 
that  of  the  pure  alcohol  0  792?  From  these  data  we 
find  that  tho  weight  of  the  measured  volumo  is  37616 
gnus.;  and  2-9696  grms.  is  the  weight,  or  3  371  cc. 
th(>  volume  of  alcohol  which  absorbed  1'0'92  gnus,  of 
sulphurous  acid  at  20*^.  and  under  the  pressure  of 
0-7438  m.;  so  that,  according  to  Henry's  law,  Che  quan- 
tity which  wodd  have  been  absorbed  under  a  proason 
of  0-760  m.  is  VWb  grms.;  and  as  one  cubic  ceoti- 
metre  of  sulphurous  acid  gas  at  0'^  and  076  weighs 
0-002861  grms.,  the  volume  of  ^  at  0^="  and  076  sb- 
Borbed  by  3371  cc.  alcohol  m  369-6  cc;  Of  the 
coefficient  of  absorption  of  sulphurous  add  in  alcohol 
at  20°  is  115-7. 

For  the  determination  of  the  coefficients  of  absorption  ^^^ 

of  gases  le^a  soluble  in  the  liquid  employed,  B  onsen  ^^H         Wig*  609. 

has  constructed  an  Instruiuent  tt^rmed  an  "  Abaorptio- 
BMter,**  represented  in  figg.  608  and  609,  which  he  thus 
describee: — ^The  absocptton  tube  «,  fig.  608,  divided 
into  millimetres  and  calibrat43d,  has  a  small  iron  band 
b,  fig.  609,  furnished  with  a  screw  luted  on  to  its  lower 
and  open  end ;  this  fits  into  another  screw  attached 
to  the  small  iron  stand  a  a.  By  means  of  this  anange- 
ment,  the  open  end  of  the  tube  can  be  screwed  down 
agaiziEt  a  plate  of  caoutchouc  covering  the  bottom  of 
the  stand,  and  the  tube  thus  completoly  closed.  Om 
each  side  of  the  stand  are  fixed  two  steel  springs,  c  c, 
which  fit  into  two  vertical  groovps  inside  th**  wtjoden 
foot  of  the  apparatus/,^.  508,  so  that  the  little  iron 
stand  a  a,  fig.  509,  can  be  raided  or  depreiised,  but  not  f 
tuTOL^d  on  its  axis  horiisontAlly.  The  oulvr  cylinder.  ► 
g  g,  fig,  608,  is  not  cemented  mtx)  the  wooden  foot  f, 
or  into  the  iron  rim  A,  but  the  ground  glass  edges  of 
the  cylinder  are  pressed  against  caoatchouc  rings,  in- 

sert^ed  in  the  foot  and  in  the  rim  by  means  of  the  screws  •  »,      The  tubes  r  r  een»  to 
pour  in  mercury,  ho  that  any  desired  pressure  is  obtained  in  the  absorption  tube  bj 
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zusing  or  depre«uig  tiM  le«tl  of  Ui«  ■creuj  in  tbe  nuMr  g^sM  vjUmifK.    TW 
jWMtte  of  Oie  MnoBDditt^  water  tf  dHeraaned  ty  the  imB  tkaMoaetv  4:. 

Sv  mni  at  the  MtCF ^jrhiidcT  ii  clewed  hj  an  iroa  lid  kmag»  kimp  ■!  «■■ 
teC«a«d  down  hv  metm  at  a  nnt  and  ickw  attachad  to  Che  ntm  am  k.  iOiai 
ft  groore  jn  IB  the  Bide  of  the  lid.  In  the  inside  of  the  lid  IhePB  i»axaiae4inBf^i»«, 
OTtar  which  a  thick  sluwt  of  caoutchouc  is  eztnided  and  bstcaed  by  ■  wenMvi  fiig  a. 
This  distended  eaontdume  soree  as  a  spring  against  which  the  tep  of  t^  lake  em  W 
pveesed,  keepBg  it  in  a  fixed  poaitioB  dozing  the  TicAeat  agilntka  aeeaaaoy  iir  Iha 
pfoesn  of  abeoiption. 

1^  aoda  of  using  tiiis  appaiatns,  and  the  method  of  calniklioa  enioyad  1 
experiments,  is  best  coqiiained  by  an  actual  example.    We  select  fiir  uit  pat] 
detemuDation  of  the  coefficient  of  absorption  of  nitrogen  in  water  at  19^  G.    A  fl»- 
taan  quantity  of  the  eas  under  examination  is  placed  in  the  abeeipdcai  lab«,  o^ 
cary  in  the  meramu  trough,  and  its  Tolnme  determined,  the  nsnl  peeeaatiaas  as  la 
Naidin^  off  preesnns  temperature,  &c  being  taken,  as  in  the  crdinaiy  |«tma>  of  pg 
BBi^riis.    Toe  following  obeerrations  an  made:  — 

Lvwer  sor&oe  of  mercnry  in  outer  cylinder  .  «  »  '^f  ^  ** 

Upper  siir&ce  of  mercniy  in  absorption  tabe  .  .  6  ->  I24'I    » 

Barometric  preasure    .                 .        .        .  .  .         ,  p  =  746-9   . 

Temperature  of  the  absorptiometcr     .        .  .  .  t    —  19-?°  C. 

Temperature  of  the  barometer     .        .        .  .  .        .  r  <-  19-0^  ^ 

A  qnaatity  ot  water  perfectly  freed  from  air  is  next  introdaced  nader  an ^  . 

the  tube,  which  is  then  Bcrewed  tightly  against  the  eaootcbooe  plate,  and  the  I 
tbns  claaed.  is  placed  in  the  cj'linder  ^  ff,  containing  some  mereoiT,  and  <fwm  thi 
qoiintity  of  water.  As  soon  as  the  pressnre  within  and  withoat  has  beaa  cnaliHd 
by  alighdy  taming  the  tube,  it  is  again  closed,  and  the  whole  appaatoa  rapMiyigk* 
fated  for  about  a  minute.  This  agitation,  with  opening  and  dasiBg  of  tibe  Ui^il 
continued  many  times,  until  no  farther  change  of  Tolame  is  pegeeptible.  Tim^kam^ 
tions  neoessaiy  for  the  mea«arement  and  reduction  of  the  rendaal  gas  aze  tfaos  Bade: 

LeTelofmercary  in  outer  cylinder c' —  Ji52-^iBm. 

Lerdof  mereozy  in  nbeorption  tobe A*  =  ~"    " 

Upper  leral  of  water  in  absorption  tube      .        .  .  c'  — 

Upperlevelof  water  in  oat«r  cylinder  .  <r  —       ^  v.    ., 

Barometric  preosure    .....  ,  p  =  TiO")    » 

Tempemtnrs  of  the  absorptiometer f'  =     19'0^  C. 

Temperature  of  the  barometer r^  «     18*9^  „ 

From  the  first  series  of  obpexrations,  the  pressure  on  the  dry  nitrogen  is  obtaaaedbf 
subtracting  the  height  of  the  column  of  mercury  in  the  tube,  {a  —  b  ^  299*6  aHbi 
and  the  tension  of  the  rapoor  of  wato  at  192'^  ( -  166  mm.),  firom  the  harriMlJH 
pressure,  the  height  of  both  the  columns  of  meretuy  being  oooeoted  Sat  the  «i»ji"M"h 
which  \h«ij  undei^  in  being  heated  from  09  to  19*2°.  13iis  pireasMe,  P,  is  foond  to  la 
equal  to  7444  -  298-6  -  16  6  =  4293  mm. 

The  Tolumt?  of  nitrogeo  cmpluyed,  when  reduced  to  0°,  is,  aooording  to  the  1 
capacity  of  the  instrument,  found  to  be  32  608  =  V,  emreascd  in  srbitnuy  nnilL 
baimaetrie  pressure,  corrected  for  expannon.  after  the  expciriment,  is  743*8  ana. ;  1 
height  of  the  corrected  column  of  roercory  inside  the  tulw,  is  1-5  mm. :  the  hrigbii 
the  column  of  water  in  the  tube  is  2852  mm. ;  that  in  the  outer  cylinder  S*4'2  mt; 
»o  thttt  the  column  of  water  wliicb  haa  to  be  added  to  the  bammetric  preann*  ti 
344-2-285  2  -  69-0  mm.,  equkl  to  4*4  mm.  of  mercury;  the  tensioa  of  the  rapottrof 
wnt«r  at  19-2'^  is  16-3  mm.;  and  hence  the  pressure  on  the  nnabsorbed  mtrogeB  it 
Pi  =  743-8  +  4-4  -  I'6  -  16*8  =  730-6  mm. 

The  Tolume  of  nnabsorbed  gas,  reduced  to  0<>,  is  found  from  the  table  of  eipaiStf  tt 
be  16*622  a>  Vx  of  the  same  arbitrary  units,  whilst  the  volume  of  water  enmlined  ii 
182-37  =  h  units. 

From  these  data,  the  coefficient  of  abeorption  can  be  easily  obtained.      The  TAvut 

of  nitrogen  reduced  to  the  pressure  760  mm.  was,  before  the  absorption,  — -  ;  there- 

duced  Tolumo  after  the  absorption  is    ^  - ;  and  hence  the  Tolnme  absorbed  nada  thi 

760 
VP       V  P 
pressure  P,  ia  —   ^  — ^\    If  now  tlie  law  of  Henry  bo  correct  in  the  caae  of  nitrogn 

and  water,  the  Tolumo  of  gas  absorbed  under  the  pressure  of  760  nun.  will  be  grealex 

than  that  abwrted  under  the  presBuro  Ft  ia  the  proportion  ■^;  or  it  will  be 
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-  16-622 1 


0-01448. 


-J r,.    H(«tice  the  rolame  of  gas  absorbed  by  the  iuiit<TolttiDe  of  lipoid  in  the 

oo-eSLdeot  of  abiorption  ii: 

or,  for  the  special  eaat  w«  ar«  cotuddering : 

1_         / 32-608  K  4293 
"   i 82-37  ■   V  730  6 

It  u  ftbsolutdy  eMcntial  th&t  Uie  b'qaidd  employed  la  these  absorptiometrie  de- 
tenninatioDs  be  fi«ed  complotelj  from  air  or  other  gases  held  in  solatioD ;  this 
is  best  accomplished  by  contLnaonfl  boilizig  in  a  Aask  whose  neck  has  been  drawn 
oat  to  a  fine  point  before  the  blowpipe,  so  that  the  llask  cud  be  instantly  bermeti- 
cally  SMled.  The  Teasel  oontaining  the  liquid,  which  oogbt  to  strike  against  the 
glass  like  a  watez^hammer,  is  opened  Bndier  mercnry,  and  thns  all  possible  entrance  of 
air  ia  preTented. 

By  the  help  of  this  instnunent,  and  by  the  application  of  a  method  of  calculation 
simiiar  to  the  exiuuple  just  cited,  the  foiJowing  coefficients  of  absorption  in  water  and 
absolute  alcohol  were  espenmentAlJiy  doti'nnined.  In  cas«s  in  wlueh  the  solubility 
of  the  gas  varied  with  the  temperature,  u  simple  interpolation  formula,  c  »A  •^Bt-¥  C(\ 
•ervea  to  cxpi^eas  the  relation  with  sufficient  exactness. 

I.  Nitrogen. — The  nitrogen  was  prepared  by  passing  atmoephoric  air,  freed  from 
carbonic  acid  and  ammonium  over  red-hot  copper  turnings. 

In  water        (from  0°  to  20^  C) ;  c  •  0020346  —  000063887  t  +  OOOOfllllfiG  <". 
In  alftAoI*  (from  0**  to  26°  C);  c  -  0-126338  -  0000418  t  +  0  000006  (*. 

From  theae  fbnnulffi  the  foUowiag  coefficients  are  calcakted : 


/•ot-  Water, 

FoeMcoM. 

0''  C.     0-02036 

12°  C.     0-01640 

0°C. 

0-12634 

14°  0.     0-12166 

iiO         001932 

14°          0-01600 

2° 

012668 

16°         012110 

4"          0*01838 

16°          0-01468 

4° 

012476 

18°         012076 

&>         00I762 

18°           0-01426     1 

6° 

0-1-2404 

20°          0  12038 

8^          001667 

20°          0-OH03 

8° 

0-12338 

22°          0-I20t)o 

10*          0-01607 

10° 
12° 

012276 
0-12219 

24°         011970 

2.  Bydroffen, —  The  hydrogen  was  pMpared  from 

pore  zinc  and  snlpbtttic  add. 

In  water     (from  0"  to  20°  C.)  ;  tr  =  0-0193. 
In  alcohol  (from  0°  to  26°  C);  c  =  0*06926  - 

-  0-0001487  t  +  O-OOOOOl  f. 

Hcaee: 

In  Water. 

InAlcvM. 

0-0-0103 

(P  C,      0-0ft^69 

10°  c. 

0-06786 

20°  0.     0-06668 

ooostant. 

2°            0-l>fi896 

12° 

006761 

22°          006646 

4°            0-06867 

14° 

006731 

24°          006636 

6°            006839 

16° 

0-06713 

8°            0-O6S13 

18° 

0-06690 

lure  formate  of  magnesia  with  straa* 
owed  that  the  gas  was  pore. 


S.  Oarhonie  Oxide. — Prepared  by  he&tinj 
sulphime  add ;  iretitment  with  a  potash<baU 

In  water    (from  0°  to  20°  C);  e  -  0  032874-000081632  <  + 0000016421  ft 
In  ahwhd  {frota  0°  to  26°  C.) ;  «  -  020443. 

Htfiee: 


o°C. 
2° 
4° 
6° 


0-03287 
0-03131 
0-02987 
0-02867 


For  Water. 

8°  O.     002739 

10°  0-02636 

12°  0-02644 

14°  0-02466 


16°  C. 

18° 
20° 


0  02402 
002360 
002312 


For  Al^kol. 

0  »  0-20443 

constant. 


4.  Carbome  Add.  —  Prepared  by  tbe  action  of  strong  solphnrie  add  on  chalk,  do* 
pMcautions  as  to  its  purifleation  being  taken. 

In  water    (from  0°  to  S0°  C.) ;  «  -  1  7967 - 007761  t  +  0-0016424  fl. 
In  laeohol  (ftom  0°  to  26*»  C);  c  =  4-32956-0  09395  r  +  0-00l24  f. 

•  Tb« coftl^\*iiU  of  abtorptiOB  fof  sU  Um foUowitif  ga»a>  la  akolwl  wvn  dtrtenalaed  bj  Cariiu.  Sm 
Ana.  Cii.  Phann.  xclx.  139. 
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Hence: 


For  Water. 

TorMeokBl 

0«>C. 

17967 

120  c. 

1-1018 

ooa 

4-Sg96 

140  C. 

S-367S 

2° 

1-6481 

14* 

1-0321 

2» 

4-1466 

16«» 

8-14S8 

40 

1-6126 

I60 

0-9768 

40 

8-9786 

18» 

S-0402 

6" 

1-3901 

18P 

0-9818 

60 

8-8106 

20» 

3-9466 

8° 

1-2809 

20* 

0-9014 

8° 

8-6678 

230 

01-28628 

10° 

11847 

10« 
12<> 

8-6140 
8-8807 

a4<» 

S-7890 

6.  Mitrtk  Gas. — ^The  ga9  employed  for  the  e^Miiineiita  with  water  was  eoJketil 
firom  the  mnd-Tolcanoefl  at  Bnlganak  in  the  Crimea,  and  being  praerred  in  aealed 
tubes  was  shown  by  analysiB  to  contain  neither  oo^gen,  nitrogen,  carbonic  add, 
nor  olefiant  gas.  The  gaa  nsed  for  the  aloohol-abaotption  was  prepared  by  the  ntui 
process  ftom  acetate  and  hydrate  of  potaasiuni,  and  endioinetne  analyaia  shoved 
that  it  was  pure. 

0-06449  -   0-0011807  t  +  0-000010278^ 
0-622686  -  0-0028666  t  +  0-0000142  fi. 


In  water    (firom  0°  to  20°  C.) ,-  0  - 
-        -      --C.);o- 


In  alcohol  (from  0°  to  249 
Hence: 

For  Water. 


For  Alcohol. 


QPC. 
2° 
40 
6<» 
8° 
10° 


0-06449 
0-06217 
004993 
304778 
004671 
004372 


12«C. 

14° 

16° 

18° 

20° 


0  04180 
003997 
0-03823 
0-03667 
0-03499 


0°C. 

2° 

4° 

6° 

8° 
10° 
12° 


0-62269 
0-61691 
0-61186 
0-60690 
0-60067 
0-49686 
0-49024 


14°  a 

16° 
18° 
20° 
22° 
240 


0-48626 
0-48037 
0-47M1 
0-47096 
0-46642 
0-46199 


6.  Ethylene.  —  Prepared  in  the  usual  manner  from  alcohol  and  BalfAQzie  add; 
all  traces  of  alcohol  and  ether-vapour  and  of  higher  hydrocarbons,  were  lemored  1)j 
absorbing  a  large  portion  of  the  collected  gas  b^  strong  snlphnzic  add  befive  the 
experiment    Eudiometric  analysis  proved  the  purity  of  tine  gaa. 

In  water    (from  O"*  to  20°  C);  c  -  0-26629 -000913681  <-i- 0-O00188108 f. 
In  alcohol  (from  0°  to  24°  C.) ;  c  -  3-69498  -  0-067716  t     4-  0-0006812  A 
Hence: 


For  Water. 

ForAlcohoL 

o°c. 

0-2663 

12°  0. 

0-1737 

0°C. 

3-6960 

14«C. 

2-9206 

2° 

0-2388 

14° 

0-1662 

2° 

3-4828 

16° 

2-8469 

4° 

0-2227 

16° 

01683 

4° 

3-3760 

18° 

2-7768 

6° 

0-2082 

18° 

0-1628 

6° 

3-2732 

20° 

2-71SI 

8° 

0-1962 

20° 

0-1488 

8° 

31768 

22° 

2-6649 

10° 

0-1837 

10° 
12° 

3-0869 
8-0006 

24° 

2-6022 

7.  Nitroua  Oxide.^Tbe  gas  was  prepared  from  pore  nitrate  of  anmMmiinn. 

In  water    (from  0°  to  24°  C);  0  >  1-30621  -  0-046362  t  +  0-0006843<'. 

In  alcohol  (from  0°  to  24°  C.) ;  e  -  417806  -  0-69816  t    +  0000609  f. 
Hence: 


For  Water. 

ForAlcohoL 

0°C. 

1-3062 

14°  0. 

0-8034 

0°C. 

4-1780 

14°  a 

3-3200 

2° 

1-2172 

16° 

0-7636 

2° 

4-0409 

16° 

8-2169 

4° 

1-1346 

18° 

07090 

40 

3-9086 

18° 

8-1187 

■6° 

10676 

20° 

0.6700 

6° 

87811 

20° 

8-026S 

8° 

0-9868 

22° 

0-6364 

8° 

3-6586 

22° 

2-9368 

10° 

0-9196 

24° 

0-6082 

10° 

3-6408 

24° 

2-8682 

12° 

0-8688 

12° 

3-4279 

8.  Nitric  Oxide  in  Alcohol.— The  pure  gas  was  prepared  by  passing  tlie  mixton  of 
gases  erolred  by  the  action  of  nitric  add  on  copper,  into  a  oonoentiiKted  ffpltitv»  of 
protosolphate  of  iron.  The  pure  gas  was  collected  by  gently  warming  thia  satnnted 
solution. 

In  alcohol  (from  0°  to  24°  C.  );  c  -  0*31606 »0-008487  t+  0-000049  fi. 
Hence: 

ForAkohO. 
0-2913    I    14°  C.      0-2768    I    30°  C.      0-2669 
0-2861         16°  C-2728         22°  0-2631 

0-2813    1    18°  0-2602    I    24°  0-2606 


0°C. 

0-3661 

8°a 

2° 

0-3093 

10° 

4° 

0-3029 

12° 

6° 

0-2969 
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9.  Ethi/l-^ai  in  IVater.^  The  gaii  used  in  Itm  ezperiments  was  peeputi  by  the 
action  ofEinc-clhyl  upon  iodide  of  elhjL 

In  w«t«r  (from  0°  to  20«  C);  c  »  0031474-O-001M49  t  +  (WM>0026066  ft 

Henc«: 

For  Water, 


I 


I 


I 


o<>  C. 

003147 

60C. 

002613 

12°  C. 

0-02267 

180  C. 

0-02084 

20 

002947 

go 

0-02474 

14° 

002179 

20° 

0-02064 

4" 

002770 

10° 

00235J 

16" 

0-02121 

10.  M(thyl-§aa  in  Water. — Prepared  by  the  action  of  linc-methjl  upon  iodids  of 

In  water  (from  0°  to  20*  C.) ;  <?  -  0  0871  -00033242  r  •^0•0000603  ft 

Hence: 

For  Water. 

O"  C.       0-0871  9P  C.       0-06&3     |     120  C.       0'06fi9  lft«>  C.       00468 

20  0*0807  8°  0-0644  14°  0-0524         20**  00447 

4°  00748         10°  00699     |     16°  0-0492 

11.  Oxi/gmin  Water.— The  coefficients  of  ahoorption  of  oxygen  in  wat^r  were  not 
dftenni'npd  directly  by  the  procrss  dpsciihed,  because  it  w»e  found  that  although  tho 
mprcury  contained  in  tfte  absorption  tube  whs  purified  a«  completely  as  possible,  it 
Rtill  cootained  traces  of  foreign  mctaK  which  on  af^tAtion  were  oxidised  at  the 
expense  t)f  the  dissolTed  gaa,  tbofl  rendering  the  determination  of  the  ooefBcienta  of 
abaorption  incorrect. 

In  order  to  determine  the  aoInbiKty  of  oxygen  in  water,  the  following  indirec 
method  wM  adopted,  which,  however,  presnppoaee  the  oppUeability  of  Dalton's  law  o; 
partial  pressures.  If  both  oxygen  and  nitrogen  obey  this  law,  it  is  not  diiHimJt  fron: 
the  known  coefflcieata  of  absorption  of  nitrogen,  firom  the  known  composition  of  the 
air.  and  fpom  the  relatire  amounts  of  the  two  gases  dissolved  when  water  is  saturated 
with  air.  to  calculute  the  coefilcients  of  absorption  of  oxygen  in  water.  The  relttiTe 
qnantitiea  of  oxygen  and  nitrogen  diasolTed  in  water  through  which  air  was  passed  to 
saturation  were  found  by  experiment  to  remain  constant;  Uiat  is,  at  all  the  observed 
tomperaturcs,  the  quantity  of  oxygen  contained  in  100  paita  of  absorbed  gas  is  36-91 
-s  V",  and  that  of  nitrogen  65-09  ^  C".  Hence  we  see  that,  ac  the  total  amount  of  air 
absorbed  at  difterent  temperatures  Tariea.  the  curve  representing  the  relation  between 
the  amount  of  absorbed  oxygen  and  the  temperature,  must  be  panllel  with  the  curve 
representing  the  same  relation  for  nitrpgen. 

The  composition  of  one  vohune  of  the  atmosphero  we  may  take  to  be  0*2096  »  0 
volume  of  oxygen,  and  0-7904  =^  volume  of  nitrogen ;  if  now,  O  represent  the  coeffi- 
cient of  absorption  of  oxygen,  and  O  that  of  nitrogen  at  any  given  temperature,  the 
volumes  of  absorbed  oxygen  and  nitrogen  contained  in  the  volume  V  of  air  abeotbfld 
under  the  pressure  P,  are,  according  to  Dalton's  law, — 


crop 


0-76  {N  +  0) ' 
hence  by  division  we  have 


andK* 


0-76  iif+oy 


O-O 


VN 


arO^O 


35-91  X  0-7904 


M  O  4  2-0225 


PO'        ~         '  6609x02096 
or  expressed  in  terms  of  the  temperature  alone : 

(ftom  O**  to  20°) ;  c=r41 16-0-00108986  t  +  0000022663  ft 
And  hence : 
0°  0-04114.       2*003907.       4°  003717.       6°  003544.      8'^  003389.    10°  Oi0326O. 
12°  0-03133.     14^*003034.     16'=' 0  02949.     18*"  0-02884.    20°  0  02838. 

12.  Oxifgen  in  Alcohol.  —  The  determinationa  of  the  solubility  of  oxygen  in  alcohol 
were  mode  in  the  usual  way  with  the  absorptiometer,  the  error  arising  from  oxidation 
of  the  metals  contained  in  the  mercury  proving  in  this  case  inappreciable.  The  qnan* 
tity  of  oxygon  diaaolved  in  alcohol  between  0°  and  24°  C.  renuused  constant: 

(&om  0°  %a  24°) ;  e  »  0-28397  conBtant. 

13.  AtmoRpkeric  Air  in  Water,— Whea  the  volume  of  B  mixtore  of  two  or  more 
giisee  is  iofinitely  large  ««  compared  with  that  of  the  absorbing  liquid,  the  total  quan> 
tity  of  gus  absorbed,  or  the  coefficient  of  absorption  of  the  mixture,  is  easily  found  from 
the  sovPTiU  coefBcients  of  absorption  of  the  component  gases  and  their  relative  propor- 
tion in  the  mixture.  When  the  volume  of  the  gas  bears  a  finite  relation  to  that  of  the 
absorbing  liquid,  and  the  gaaes  are  unequally  soluble^  the  altontioa  efiected  in  ths 
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eompoailion  of  the  gaa  by  the  absorption  mtiBt  be  brought  into  conaidpration.  In 
fallowing  calculataoiiH  of  the  solnbility  of  atmospheric  air  in  water,  the  vulume  of  ( 
gas  iH  eouriderod  aa  infinite  compared  with  that  of  the  water.  Hencf,  as  I  toIiuim 
air  contJiins  0-2096  voL  of  oxygen,  and  0-7004  vol.  of  nitrogtn,  the  coeflSdaot  > 
abnorption  of  air  in  water,  accor^ng  to  Dalton's  law,  ia  C*  =  O  x  0-2096  +  O  x  0  79W 
whero  C^  and  C*  represent  the  coefficient  of  absorption  of  oxygen  and  nitrogen 
at  the  given  temperature.  The  ooeffidont  expresaed  in.  terms  of  the  tempentnr* 
alone  is: 

(from  0°  to  20°);  e-0-247064-0>0006M358<  + 0-0000135469 />. 
•ad  hence: 

O^C.  0-02471  6*>  002128      I      12»  0'01882      I      18«  0-01738 

2°       0-02346  8«  002034  14«>  001822  20«  001704 

4®      0-08227  10=*  0-01B53      |      lO**  0-01771       | 

The  coeffieiente  of  alMorpiion  of  the  fallowing  giuee,  which  are  mneh  more  Bolahh 
than  the  preceding,  were  determined  by  the  chemical  method  referred  to  above.  The 
dot  erminationa  of  the  solubility  of  HulphurouB  acid,  anlphurcttMl  hydrogen,  asd  ehloRaa 
in  water,  were  made  by  Scbonfeld  (Ann.  Ch.  Fhatm.  xev.  1);  ihoae  in  aloobolly 
Carius  {toe,  eiL) 

14.  SulnhiWWU  Acid  in  Water. — The  amoont  of  absorbed  gas  was  estimated  diemi' 
cally,  by  tbe  iodometric  method  of  analysis,  reduction  being  made  in  the  calenlatioo 
for  the  alteration  of  the  bulk  of  the  liquid  by  the  absoiptioa  of  gas. 

The  foUowiog  expttitaions  give  coefficientjB  which  approximate  rerj  doaely  to  the 
obaenred  amonnte : 

(fifom  O"  to  20°)  for  pore  water ;  c  ^  79-787-2-6077  t  •*-  0029349  f. 
(ftom  20°  to  40^)     „  „  c  =  76  182-21716  «  + 001903  <*. 

Hence  the  foUowing  Talucs : 

0°  79-789;  10°  66-647;  20°  39-37i;  30«  27-161;  40o  18-766. 

15.  Stdpkurout  Acid  in  Alcohot.^~ln  puK  alouhol  the  coefficient  is  found  froo^ 
formula  — 

(from  0°  to  24°).  c  «  328-62- 16  05  i  + 031 19 <*, 
henee  the  coefflcientB  are  : 

0°  328-62:  6°  251-67;   10°  190-31;  15°  144-56;  20°  114-48;  240  jow? 

16.  Sntphifdric  Acid  in   Watrr. — The  sulphur  of  the  diasolred  gaa  wag  wdgfaed  i 
■nlphote  of  barium.     The  interpolation  fumiulA  obtained  from  the  experimenta  it  — 

(from  0°  to  40°);  c  =  4-3706-0083687/  + 0-0005213/*, 
hence  the  coeffieiente  are 

0°  4-3706;  10°  3-5858;  20°  2-9053;  30°  2-3290;  40°  1-8569. 

17.  Svlphydric  Acid  in  Alcoknl. — Experiment  gave  — 

c  =>  17-891 -0'65698< 4  0-00661  f^. 
Hence : 

(from  0°  to  26<»)  0°  17-891 ;  4°  16-373:  8°  13-066;  12°  10-971;  lfl°  »-088; 
20°  7-416;  24°  6  965. 

18.  Chlorine  in  Water. — The  eoefficionts  of  chlorine  in  water  cannot  be  i 

below  10°„  as  at  that  tempemture  a  cryatallino  hydrate  of  chlorine  is  formed. 
qnantity  of  absorbed  gaa  was  determined  by  the  iodomctric  method.    Experimeal  | 
the  following  interpolation  formula : 

(from  10*  to  40°)  c  »  3-0361  -0-04ei96«  +  0-0001107 *». 
Hence : 

10°  2-6862;  20°  2'2406;  30"  1-7499;  40°  1-3656. 

18.  Ammonia  in  Water The  solubility  of  ammonia  in  water  has  been  delsRaiaM 

by  Dr.  Carius  (Ann.  Ch.  Phann.  xcii.  p.  129).    The  following  fomuda  ^ns  ike 
result  of  hie  experiments : 

(from  0"  to  26°),  c=  1049-63-29-496<  + 0-067687 <»-0-0096«31<», 
More  recently  the  solnbility  of  ammonia  in  water  at  different  temperatores  and 
under  direct  rariation  of  pressure,  has  been  eijwtly  estimated  by  Messra.  Boseoe  sad 
Dittmar  (Chem.  Soc.  Qn.  J.  xii.  147).  These  chemists  have  shown  that  the  oumben 
given  by  Carius  are  all  10  per  cent,  too  low,  owing  to  the  existence  of  unobeerred  exj** 
rimentel  errors  running  thpouph  his  determinations.  They  have  also  prored  that  the 
quantity  of  ammonia  ubsorl«.>d  by  water  at  a  constant  temperature  is  not  (as  rorpnwd 
I  hj  Cftrius)  proportioDftl  to  the  pressure  under  which  the  absorption  occum    Tnis  is 
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dearly  wxm  from  the  following  tablo,  ia  vhich  (O)  giTC*  the  weight  in  granmM  of 
ftmmonia  iib«orb(Mi  hy  1  gnmiae  of  water  at  0°  C.  under  TtmAtion  of  direct  preMore 
(P)  from  0"01  m.  to  2*0  m.  of  mercury, 
p.  G.  P.  G.  P.  G.  P.  c.  P.  a. 


001 
004 
010 
016 
0-20 


0044 

0-275 
0-3fil 
0  411 


0-30  0S15 

0-40  0(507 

O-oO  0  690 

0-60  0768 

0-70  0-840 


0-80 
0-&0 
100 
110 
1-20 


0-906 
0-068 
1037 
1-117 
1-208 


1-310 
1-416 
1-526 
1646 
1-770 


1-80  1906 
1-flO  2-046 
200      2196 


The  following  numbers  give  the  weight  of  ammonia  abeorbod  by  one  grunme  of 
water  at  th*  temperatnwa  annexed  nnder  the  barometric  pressure  07'6  m.  a«  found  by 
Boaeoe  and  Dittmar. 


L 


0-875 
0-702 
071S 
0-646 


0-682 
0-626 
0  474 
0-426 


0-382 
0-343 
0-307 
0-276 


0-344 
0-214 
0-186 


The  ezpcTiments  which  hare  been  made  to  wrify  the  law  of  prcwnres,  hare  been 
applied  not  bo  mach  to  Ihe  dct^rininaticn  of  tho  exactitude  of  the  law  under  high 
pmMures,  as  to  the  ernnpliflcation  of  I  he  troth  of  the  law  of  partial  prpsanrefl.  Thoa 
the  solubility  of  carbonic  arid,  nailer  varying  pnwenrps,  has  only  been  eiamincd  by 
Bunsen  between  the  liinitB  of  623  and  726  niilliin*?tre»  of  mercury,  whilst  Henry  em- 
ployed a  prcsaure  m  high  as  1*4  metren  of  mercury.  In  the  caue  of  gaseoua  mixtures, 
for  which  the  instnunent  was  more  ftoited,  the  precision  of  the  law  bos  been  demon- 
Btntted  by  a  Iftigc  number  of  crporimrnts  with  different  gases.  Thus,  in  mixtures  of 
carbonic  acid  and  hydrogen  in  wnter,  of  carbonic  add  and  carbonic  oxide,  of  carbonic 
oxide  and  mHR^h  gas,  of  carbonic  add  and  hydrogen,  and  of  carbonic  oxide,  maj«h 
ga.<i«  and  hydrogen  in  alcohol,  it  baa  been  shown  Uiat  the  component  guses  are  *b- 
Borl>«l  in  (jnantitirs  exactly  regulated  by  DaUon's  law. 

In  order  to  und^Tst^nil  tho  mode  in  which  the«e  Tcrifications  of  ihe  law  are  ob- 
tained, it  will  be  necessary  in  the  first  place  to  derelop  the  general  expression  for  the 
altrnitions  which  a  mixtnre  of  two  gases  undergoes  on  absoiption,  and  then  to  apply 
this  gcnerrtl  formula  to  spedal  examples.  If  Dalton's  law  he  correct,  that  in  a  gaseous 
mixture  undergoing  absorption,  when  the  Tolnme  of  the  liquid  is  not  inappreciable 
contpared  with  that  of  the  gas,  the  component  gases  are  dissolved  in  quantities  de- 
pendent upon  the  pressures  of  the  respective  components  of  the  residual  gas,  it  will 
not  bi*  difficult  to  calinilate  from  absorjitionjetric  (liita  the  relative  proportion  of  the 
gaKe?  in  the  unabaorbed  residue.  If  this  calcnlat4?d  result  agrees  witn  a  direct  endio- 
metric  analysis,  the  law  is  proved  to  be  true.  What  wo  have  first  to  calculate  is,  then, 
the*  eompobition  of  the  residual  gas  froja  the  other  absorptiometric  data.  For  this 
parpose  let  all  the  volumes  of  gas  b»  reduced  Ito  0°  C. ;  then  let  the  total  volume  of  V 
gas  employed  in, the  experiment,  be  undex  the  pressure  P.  In  the  unit-volume  of  this 
mixed  gas  let  there  be  e  volumes  of  the  one,  and  Pj  volumes  of  the  other  cas.  Let  the 
coefficient  of  absorption  of  the  first  gas  be  a,  that  of  the  second  j9,  and  the  volume  of 
tlie  »b«orbing  liquid  A.  Further,  let  the  total  volume  of  the  gas  renwiuing  after  the 
absorption  be  i\  ;  and,  lastly,  let  the  unit-volume  of  this  gu  contain  m  volumes  of  the 
one,  and  m,  rolumfs  of  Ihe  other  constituent  gan,  Th««e  rahies  of  u  and  «,  are  the 
unknown  quantities  which  have  to  be  found  from  tho  given  data. 

vVP 

The  volume  V  contains  «  V  volnmea  of  the  flnt  gas  at  the  prassarv  P,  or 

volumes  at  0-76.  Thi.«  volume  is  divided  by  absorption  into  two  parts;  the  first  part 
jT  n-niiiins  Ix-hind  after  the  absorption  as  fre*  gas  :  the  second,  x,,  is  that  abaorfoed  by  th« 
liquid.  The  quantity  of  this  httrcr  is  determined  by  tiie  law  of  absOTption ;  the  unit  of 
liquid  absorbs  a  volume  under  tho  pressure  0-76  :  hence,  und«x  the  [OKSsurs  P-i,  h  to> 
1  APi 


lumefl  of  liquid  will  absorb 


0-76 


As,  however,  the  first  gas  is  expanded  by  mixing 


V  P 
with  the  second,  from  x  to  7pf7'»  ^^  quantity  of  gas  absorbed  by  k  in,  by  Tirtne  of 

.,  akr  -  ahjt       t>VP        ,  vVP 

the  partial  pressuio  y-  »  *»,   Hencs,x+   -y  »  ^ryg.  and  *  —  < 


0-76 


and,  by  aiiailar  reasoning,  the  Tolume  of  the  second  residual  gas,  y 
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The  Kvene  of  this  calculation  is  to  obtain  the  oomporition  of  the  (mginal  gueooi 
mixtare  from  the  observed  qtiantities  V,  P,  V^,  Pi,  o,  $,  and  k.  In  this  wmy  an  aaap 
lysis  is  in  fact  made  of  the  mixtare  of  gasee,  witiboot  reaort  to  any  chemieu  deeon- 
position ;  and  this  absorptiometric  analysis  is  often  of  the  gzeateet  inKwrtanee^  as 
it  solves  questions  which  cannot  be  attacked  by  the  usnal  eodiometrie  methods. 

Let  X  represent  the  original  volume,  and  Xj  the  nnabeoxbed  rendae  of  the  ftrst  gn, 
in  both  cases  reduced  to  the  pressure  1 ;  and,  as  bdiore^  let  Fi  be  the  Tolmne  of  the 
unabsorbed  gas  under  the  pressure  P^. 

The  pressure  of  the  unabaorbed  portion  of  the  first  gas  is  then  ^  andt^WTohnaetf 

nbsorbed  gas  redueed  to  this  pressure  is  a  it,  or  reduced  to  the  pressure  1,  it  is  -4  .al. 

Hence  x  ^  x^  +  y.mh;  and  the  pressure  of  the  unabsorbed  portion  of  the  fiat 

is  •».*  at  w      — r    In  like  manner,  the  pressure  of  the  second  gas  is  obtained,  and 
we  have  the  ibUowing  e^resnons  for  the  pressure hesSoK  and  after  the  abeorption: 

P-^  +  ^;    Px-y^  +  V'llfik' 

If  we  then  set  FP  -  IT;  f  F,  +  a  *)Pi  ^  A;  {V^  +  fi  *)Pj  -  JB,  we  have  ths 
volumes  of  the  first  and  seoona  gases  in  the  unit-volume  of  the  nuxtuxe,  namely : 

X  W-B      A  .        y         A-WB  ,o\ 

By  help  of  these  formula  we  can  test  the  truth  of  Dalton's  Inw ;  for  if  the  result 
thus  calculated  agrees  with  those  determined  by  e^enment,  the  basis  upon  wUdi 
the  calculations  are  founded  must  be  correct. 

In  order  then  to  test  the  applicabilitT  of  these  formulae,  a  mixtare  of  carbonic  aad 
and  hydrogen  was  made,  and  the  volume  of  each  gas  determined  fay  eodiometm 
analysis ;  the  gas  was  found  to  consist  of: 

Hydrogen 26-81 

Carbonic  acid 78'19 

100-00 
An  absorptiometric  analysis  of  the  same  gas  was  then  made,  and  bj  means  of  lot- 
mnla  (2),  the  composition  of  the  original  gaseous  mixture  found  to  be : 

Hydrogen 26*67 

Carbonic  add 73*88 

100-00 
The  composition  of  the  residual  gas  was  found  by  direct  analyns  to  be: 

Hydrogen 98*01 

Carbonic  add 6*99 

100-00 

Or  the  partial  pressure  of  the  hydrogen  was  0-fi688  m.,  and  that  of  the  eaiiwoie  add 
004276  m. 

The  mean  of  three  abeoiptiometrio  experiments  gave  as  the  ornqpositian  of  the  na- 
dual  gas,  calculated  according  to  fSormula  (1) : 

Hydrogen 91*64 

Carbonic  add 8-86 

lOOHW 

or  the  partial  pressure  of  the  hydrogen  was  0*6065  m.,  and  that  of  the  carbonic  acid 
0-0593  m. 

From  the  close  agreement  between  the  results  of  the  eodiometrie  and  aleorptio- 
metric  analyses,  it  is  seen  that  Dalton's  kw  holds  m>od,  at  least  for  the  two  gases  W 
considered.    Many  other  gaseous  mixtures  haTB  tSready  been  examined  with  a  hks 


KHult;  for  the  details  of  these  experimeiitB>  we  must,  howerer,  refer  to  Ihe  memoin 
lUready  cited. 

There  are,  Derrrtbelees,  cases  in  which  the  constitaeatB  of  a  mlztore  of  gaacs  are 
not  diaeolved  in  liquide  in  the  proportion  required  by  the  law  of  partial  premurea, 
although  DO  definite  chemical  combitiation  occurs.  Thua,  for  inatanee,  Bohcoo 
(Cbem.  So«.  Qa.  J.  yiil  14)  has  shovra  that  mixtures  of  equal  Tolumea  of  chlorii 
and  Lydrogen,  and  mixtures  of  varying  proportiona  of  chlorine  and  carbonic  acid,  J 
sot  masolve  in  wnter  in  qaaotities  proportional  to  the  partial  preuurea  of  am 
oa.  As,  however,  both  hydrogen  and  carbonic  acid  hare  been  shown  to  obey  tha 
uw,  the  diflcrepamcy  can  only  arise  from  the  chlorine.  The  mixture  of  cqu^  Tolumtw  of 
eUonne  and  hydrogen  was  obtained  perfectly  pure  and  of  constant  compoBtUon,  by  the 
alMtroljtia  of  concentrated  hydrochloric  acid ;  and  it  was  found  that  when  water  waa 
Mtorated  with  this  gua,  the  amount  of  chlorine  diasolred  was  always  much  larger  than 
that  required  by  the  law  of  ptirtial  pressures,  as  calculated  from  the  ooeffidenta  of  ab- 
sorption and  the  relative  volumea  of  the  two  gases;  thus,  at  14*4°,  9*834  grma.  of 
water  diasolvod  147^  volumes  of  chlorine,  whereas  the  calculated  quantity  is  only 
ll*6fi  volumes ;  and  similarly  for  other  temperatures.  From  a  number  of  experiments, 
Roscoe  concluded  that  no  definite  decomposition  of  the  water  by  the  chlorine  takes 
place,  which  might  possibly  account  for  th<^  incretuwd  solubility  of  that  gas;  and  hence 
It  appeared  thiit,  at  Lflmpemtures  not  very  far  removed  from  the  point  at  which  a  hy- 
drate is  formed  (the  expcrimifntii  extended  from  13'^  to  38""),  chlorine  is  retained  bj 
water  with  a  force  which,  although  not  groat  enough  to  effect  a  definite  combination, 
is  Buffideiit  to  disturb  the  regular  action  of  the  law  of  absorption.  The  amount  of 
this  disturliance,  that  is,  the  quantity  of  chlorine  contained  in  the  liquid  over  and 
above  that  required  by  (he  law,  can  be  easily  calculated,  and  it  has  been  shown  that 
tills  amount,  in  the  case  of  chlorine  and  iiydnven,  dtrainii>hes  with  increeae  of  tern- 
perature.  In  order  to  see  wholher  thb  motecular  disturbance  is  dependent  upon  the 
nalHre  of  the  gaa  m  contact  with  the  chlorine,  the  aolubility  of  mixtures  of  chlorine 
and  carbobic  acid  wus  detcTDUued,  nnd  it  aiipeared  that  an  excess  of  chlorine  above 
the  nuautity  required  by  the  law  is  distsolri^a,  but  that  the  amount  of  this  chrmiodly 
attacned  chlorine  is,  &h  faras  the  experiments  reached,  indeiwndeut  of  changes  of  tem- 
perature, proving,  therefore,  that  tlie  amount  of  this  moleeukr  disturbing  action 
depends  on  the  nature  of  the  gases  or  other  substances  present. 

The  limits  of  pressure  beyond  which  gases  do  not  obey  tlie  law  o{  pressure,  Lave  not 
as  yet  been  experimentally  ascertained  in  many  cases.  It  appearw,  Lowever,  that  the 
law  is  not  strictly  applicable,  at  least,  in  the  case  of  the  more  soluble  gases,  within 
ranges  of  pressure  vatying  from  0  to  2  atmofipherea.  Thus,  as  has  been  stated,  the 
quantity  of  amnumia  absorbed  by  water  under  varying  pressure  differs  very  conside- 
rably firom  that  required  by  theory ;  and  this  result  wus  fully  proved  by  experiments 
made  by  Mr.  Sims  in  the  writer's  laboratoty  (Chsm.  Soc.  J.  xir.  I ).  These  experiments 
showed  that  under  direct  variation  of  pressure  from  0050  to  2'5  metres  of  mercury 
the  quantity  of  ammonia  dissolved  in  water  at  all  t<>njperatures  below  100°  C.  is  not 
directly  proportional  to  the  prensure;  but  thut  the  deviation  beL-omes  !<(«(  as  the 
tsmpsratore  increases,  until  at  100°  C.  tlie  law  of  Dalton  holds  good.  Similar  results 
were  obtained  for  #u/j»AurcrM*  acid;  this  gaa  was  shown  to  obey  the  law  only  at  tem- 
peratures above  £0°  0.  Further  experiments  on  tJiis  subject,  made  at  the  writer's 
suggestion,  by  Mr.  W.  M.  Watt^,  prove  that  admixture  of  ammonia  with  air  produces 
the  same  effect  on  the  solubility  of  that  gas  in  wntor  as  a  direct  diminution  of  presjmre. 

When  gases  obeying  Dalton's  law  are  absorli-d  in  a  liquid,  and  this  liquid  is  placed 
in  conditions  under  which  the  pressure  on  the  absorbed  gases  is  reduced  to  0,  these 
cases  escape  in  time  completely  from  the  liquid.  This  reduction  of  the  pressnre  can 
be  effected  in  many  ways,  either  by  uctnally  removing  all  pressure,  ex(»pt  that  of  Ui« 
tension  of  the  liquid,  by  eracuation  under  the  receiver  of  an  air-pump :  or  by  placing 
the  saturated  liquid  in  an  atmosphere  of  a  gas  different  from  any  of  those  absorbed, 
whose  volume  may  be  regarded  an  infinite  ai*  compared  with  that  of  the  absorbed  gases ; 
or  lastly  by  bringing  the  liquid  to  its  boilinp  point  and  continuing  the  ebullition,  or 
wiiat  is  the  same  thing,  by  passiog  a  forci^n:i  gas  or  rapour  thrpo^^h  the  liquid.  In  all 
these  cases,  the  abeorpiiometric  equilibrium  is,  after  a  certain  time,  established,  and  is 
dependent  upon  the  partial  pressures.  From  these  considerations  we  aee  how  impos- 
sible it  is  to  keep  a  gan  pure  for  anv  leupth  of  time  when  standing  over  a  liquid  in 
which  it  \fi  ever  so  slightly  soluble;  thus,  ior  instance,  when  hydrogen,  one  of  the  least 
jsoluble  of  the  gosea,  is  placed  over  water,  a  continuous  interchange  between  the  air 
uutside,  and  the  hydrogen  inside,  goes  on  through  tlie  medium  of  the  water,  the  hydro- 
gen dissolving  and  then  escaping  into  the  air  wbere  the  partial  presaur*  on  it  is  6,  and 
the  air  in  turn  entering  into  the  hydrogen,  utitil  aa  equilibrium  m  ari^ordaneo  with  the 
|a«88urcs  is  establish oid,  which  in  this  case  only  occurs  wh<>n  ail  the  hfdrogen  has 
•scaped  and  the  vessel  is  filled  with  air. 
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p. 

G. 

P. 

c. 

P. 

c. 

P. 

c. 

OOG  m. 

0  613 

030  m. 

0-738 

0"0  m- 

0-817 

1-10  m. 

0-869 

0-10 

0  657 

040 

0-763 

0-80 

0831 

1-20 

osn 

016 

0-68(J 

OfiO 

0-7!*2 

0-90 

0-844 

ISO 

08M 

0-20 

0707 

0-60 

0  800 

100 

0-86« 

The  rcliition  bfitwo<>n  the  amount  of  diisaolred  hjrdroohloric  add  gas  and  the 
mtui\<  IK  Heon  from  the  Appended  numben,  giriltg  the  weight  of  gu  abecvbfd 
the  iioniuil  pressure  of  0-76  m. 


O^C. 

0-826 

imw. 
16°     0-742 

82<»    0666 

i6°     0-603 

40 

0-804 

20°     0-721 

36°     0-649 

62°     0-689 

R« 

0-783 

24°     0-700 

40'>     0-633 

66^     0-676 

12° 

0-762 

28^     0-682 

440     0-618 

6OO     0-561 

TUia  complete  iwmova]  of  sbBorbed  gases  hy  eboUttion,  or  by  eontaet  with  a  fowigi 
gaiS  doM  not  occur  in  the  cam  of  moet  o(  those  wbich  ara  retained  bv  the  liquid  wflBH 
a  grpat4>r  degree  of  force  than  those  obeving  the  law  of  preesures  ;  thus,  for  ii^ft*a^H| 
hydrochloric  arid  g«i!  cannot  be  completely  eipcUed  from  its  aqueous  solutioo  fc^^^ 
bJnling  or  by  passing  air  through  the  liquid-  Water  saturated  at  ordinary  tempentUTM 
with  hTdrochloric  acid  gaa,  lo»e«  on  heating  more  gas  than  water,  until  a  certain  pMiil 
ie  reached,  at  which  the  gas  and  watrr  distil  over  in  conatant  proportioiM.  For  the 
ordinary  atmosphpric  preasure.  this  constant  ratio  occurs  at  a  temperature  of  110^,  what 
the  distilled  liquid  contains  20'2  per  cent,  of  anhydrous  add;  this  ratio  i«.  howeTiT, 
dependent  upon  the  temnerature ;  when  the  temp>entnro  is  diminished,  the  trmoea- 
tration  of  the  re»idua]  acid  is  iDcreiv^ed.  Hence,  under  ordinary  preasvrM^  •  •ohtfauB 
containing  less  than  20  per  cent,  of  acid  mnut  become  morn  concentrated  when  hcSiti, 
and  Bttch  is  found  to  be  the  case,  hydrochloric  acid  being  in  fset  noD-rolatUe  when 
mixed  with  a  certain  quantity  of  water.  * 

The  solubility  of  hydrochloric  acid  qaa  in  water  at  different  temperaturea,  and  aa- 
der  variation  of  prwtsure,  has  been  determined  by  Messrs.  Roscoe  end  Dil^nsr, 
(Chem.  See.  Qu.  J,  xii.  128\  As  might  be  expected,  the  amount  of  hydrochkme  ftnd 
diseolved  inereaFcs  but  sliglitly  with  increase  of  pressure.  The  following  toUe  gisH 
the  wei^^ht  of  thisyas  (G),  which  is  absorbed  by  one  gramme  of  water  st  0^  G  r"*" 
the  pressure  (P)  of  mercury. 


Although  not  obeying  the  simple  laws  of  absorption,  hydrochloric  acid  gas  does  tw^ 
as  RoMwe  uiid  Dittmar  have  shown,  form  any  eompomids  with  water  which  can  hea 
garded  as  definite  bydnttes,  the  amount  of  abicvbea  gac  raiyijig  with  erery  ehaags J 
physical    cirrumstance.      Riisooe   has    also  shown   (Chem.  80c.   J.  xiii    146^  1 
XV.  270)  thut  the  same  luw  applies  to  the  formation  of  all  the  hydrated  acids  of  i 
stnut  IxjiUng  |iotnt,  none  of  which  can  bo  n^ganled  as  definite  chemical  oompoaL^^ 
Fur  farther  informutiun  upon  this  subject  we  must,  however,  refer  the  readtt  to  tlM 
original  memoirs. 

Although  gases,  as  a  rule,  increaRS  in  solubility  with  diniinution  of  tempentore.  1 
it  is  fuuud  in  nirwt  ca<»e9  that  the  whole  of  the  absorbed  gas  is  Ubeniled  on  the  i 
flciiLioo  of  the  liquid.     Thus  w-hcn  water  freezes,  the  whole  of  the  diaeolred  air  « 
in  bsbbles;  and  silver,  which,  according  to  Gay-Luesac;  absorbs  when  melted  1 

twenty  times  its  volume  of  oxygen,  expels  it  on  solidifying,  giving  rise  to  the  m 

able  phenomenon  of  the  "s|>ittiug"  of  silver.  In  the  case  of  ue  liquefiahle  guc^ 
however,  such  &»  carbonic  acid,  hydrochloric  aciii,  and  ammonia,  co  such  expolliQB  ol 
the  gas  oa  soliidi^cation  of  the  liquid  has  been  observed. 

Ikbiny  of  the  applications  of  these  laws  of  absorption  are  both  intereerting  ttA  tm> 
portant;  thus,  iuatances  occur  in  which  eudiometrie  analysis  by  itself  is  unable  tpm- 
pletely  to  decide  the  composition  of  a  gaseous  mixture,  as,  for  example,  in  the  css»  Of 
a  mixture  of  equal  volumes  of  methyl  and  hydrogen  gases,  which  we  cannot  distiaguih 
by  combustion -analysis  from  marsh-gas;  so  that  wo  are  in  useertainty  as  to  whed^^^| 
the  gas  evolved  by  the  action  of  a  hydrated  alkidi  upon  on  dc<etate  is  mally  maalt^^^^l 
or  a  mixture  of  hydrogen  kdA  metlivL  In  this  case,  then,  absorptiometric  detena^^^^ 
tions  are  of  the  highrat  value  ;  for  in  this  way,  by  means  of  a  single  phy^iical  exptti- 
ment,  we  are  able  to  solve  this  doubtful  question.  The  considerations  ana  the  (brmftlie 
already  given,  generally  developed  in  Bunsen's  memoir,  render  it  possible  to  calcu- 
lute  from  the  absorptiometric  data,  the  composition  of  an  unknown  gasaoni  mixtaie: 
that  is  to  say,  to  determitie  at  the  observed  temperature  the  coefficients  of  the  absorbed 

*  The  rapour  nf  wjiter  arU  prprlfly  mk  a  forelffn  rm  would  do  In  DMiicinir  the  paitUI  \. 
hones  in  h)1  th«i  ratriiUliani  of  thx  Mb>nrptloti.co«n(ncnU  ofgue*  in  tli|iii4li  dFt»rTDin«^j  rh«««tc 
t.t|HNir  ni  K'«t<T  i;iri!»ei)t  in  tliB  Rtmo«i>here  of  otIicrwUc  pun  s«sexUtiiig  ktxiTc  t&«  UqiiM  I 
ji^rdnd  u  ■  (nrelirit  vai,  which  thrrrforc  iilteri  the  pm*ur«  <m  the  ab»orh«(t  r**«>    Thit ««.-_ 
ha*  been  sitendvd  lo  In  but  few  vi  tbe  chemical  detennlnstiofu  y«(  nwla  o(  the  mmk  tolaMi  | 


BY   LIQUIDS. 


Mill  the  puitial  praantrefl  of  the  onabsorbed  gtuies.  It  then,  irith  the  datji  affiirded  hj 
the  abaorptiou  of  the  gaa  of  the  acetates,  the  coeAcicDts  are  oilculated.  on  the  m> 
Btttaption  that  the  gas  consiets  of  a  mixture  of  equal  volumee  of  hydioseo  aod  methjl, 
it  ia  foand  that  the  sum  of  the  coeffici^^nta  has  a  negatire  rulae,  instead  of  being  equal 
to  the  lum  of  the  two  numbprs  given  in  the  tAbles  for  methyl  and  hydrogen,  li,  on 
the  other  hand,  the  calculation  m  baited  on  the  enpposition  that  the  gaa  from  the 
acetates  is  not  a  mixture  but  r  single  gas,  the  Taltte  found  for  the  coefficient  by  calcu- 
lAtion  ia  identical  irith  that  d<>terniined  for  true  niai«h>gAS  at  the  observed  tempera- 
ture.  Hence  we  may  conclude  tiiat  the  gaw  prepared  from  the  acetates  is  neither  s 
mixture  of  methyl  and  hydrpsr^n.  nor  a  substance  iHoroeric  with  marsh-gas,  but  that 
it  is  actually  the  same  body  that  issues  from  the  mud-rolcanoes  in  the  Crimea. 

The  same  degree  of  uncertainty  prevnils  respecting  the  identity  of  chloride  of  methyl 
when  prepared  in  different  waj-s,  Baeycr  (Ann.  (Jh.  Pharm.  c.  iii.  p.  181)  has,  how* 
ever,  lately  shown  tJiat  the  substance  prepared  by  heating  cacodylic  and  hydrochloric 
acids  has  exactly  the  same  coefficient  of  absorption  in  water  as  the  chloride  of  methyl 
prepared  in  the  ordinary  way  from  wood-ppirit  by  clUoride  of  sodium  and  sulphuric 
acid,  whikt  the  solubility  of  the  compound  prepared  by  the  union  of  marsh-gas  and 
chlorine  in  diffused  light  in  totally  different,  llonce  Baeyer  concludes  that  the  two  first 
are  identical,  and  that  these  two  are  distint^t  substances  from  the  third.  [Berthelot; 
however  (Compt.  rend,  xlv,  916),  has  made  other  experiments  firora  which  he  concludes 
this  tliird  substance  i»  also  a  true  chloride  of  methyl.] 

Many  otb«<r  interesting  deductions  from,  and  applications  of,  the  laws  of  abaorptttm 
have  already  lieen  made,  for  the  detailn  of  which  we  must  agiiin  refer  to  the  original 
memoirs.  Thus,  by  melius  of  the  formuiii!  previously  developed,  the  composition  of 
the  gases  alwwrbed  in  the  water  of  a  mineKil  spring  can  be  calculated  from  tlie  eomposi- 
tion  of  the  free  ga«  which  escapes  from  the  water,  or  vice  tvrsd.  In  all  cases,  in  fact,  in 
which  II  statical  e<niilibrium  between  the  absorbed  and  free  gasen  can  occur,  these  cal- 
culatiuQs  are  applicable ;  and  in  none  more  so  than  in  the  composition  of  the  gases 
oontalned  in  rain  and  dew.     The  composition  of  the  atmosphere  we  may  take  to  be: 


Oxygen 
Nitrogen 
Carbonic  acid 


20-9512 

79  0078 

00416 

100-0000 


i 


From  these  numbers,  and  from  the  coefficients  of  the  three  ^ases,  Bunaen  obtained 
by  calculation  the  following  composition  of  the  gases  contained  m  rain-water. 


Nitrogen 
Oxygen  . 
Carbonic  acid . 

o» 

y» 

\QP 

IS" 

vr 

63-20 

33-88 

2-92 

63-35 

3397 

2-68 

6349 

34-05 

2-46 

6362 

3413 

226 

6369 

34-17 

2  14 

100-00 

100  00 

100 -00 

100-00 

100-00 

A  very  importaat  extension  of  these  laws  of  alwoi^tioa  has  lately  been  made  in  an 
investigation  upon  the  gases  of  the  blood  carried  out  by  Lothar  Meyer.*  This 
chemi.st  collected  the  gases  dissolved  in  the  blood  by  twiliDg  the  diluted  blood  in  a 
vacuous  space,  according  to  the  method  described  by  Bunsen  in  hi»  gusomctr)'.  and 
liberated  the  portion  of  the  carbonic  acid  which  is  combined  with  the  alkalis  of  the 
btood  by  adding  tartaric  add  to  the  blood  before  boiling.  In  100  voK  of  blood, 
Meyer  fovcad  the  following  volumes  of  gas  reduced  to  Qf°  and  0*76: 


Fr« 

Fr« 

Coffilitaed 

Tot"  I 

■ 

Ti>t»l  vn- 

Ddcrlptlon  of  Blood. 

CM. 

O. 

V. 

cm 

CO*. 

CO*. 

tamrofBU, 

Carotid  artery,      Dog.  No.  2. 

28-75 

20-88 

12-43 

2-83 

5-62 

28-61 

34-23 

40  40 

1                            "                                         «           l»        •• 

(3-79) 

(2^4) 

(27-101 

(33  84) 

28-24 

18-42 

4-56 

6-28 

20-97 

26  25 

4»'21 

„      „    1. 

2550 

14-29 

5-04 

617 

2858 

34-76 

54*08 

Deflbrinated    blood    shaken/ 
with  air  at  25°  and  0  7463m,  V 

1704 

[l-3o 

440 

1-09 

1812 

19-21 

3516 

(5-81) 

(412) 

(21-56) 

(31-49) 

I     P(«1l 


Abitraet  nf  n*pM  In  Phil.  Mm-.  {4*  %\t.  tto.     The  t%r\0x%»l  mrmoir  ti  found  (o   Hen  I* 
PtflUfpr'i  ZHUchrirL  tUr  rdtl»nelli.-  ULsilctn,  Nrut>  Folei>,  triil.  '/^£. 
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In  orf*r  to  obtain  tbe  codflct^nta  of  »l»orpti<m  of  dcftbrinated  blood  for  rmav 
giwea,  Meyer  employed  &n  apparatus  »i5Tncwhat  different  from  the  one  used  by  Bwueii. 
It  appear*  from  his  experiments  that  the  anioQnta  of  carbonic  add,  oxrgen,  and  nittiv 
gen  atJeorbed  in  the  blood,  vary  with  the  preasttre,  bat  that  whereaa  tne  whole  of  the 
nitrogen  obeya  the  law  of  natural  preasurca,  only  a  portion  of  the  carbonic  acid  and  the 
oxygen  does  ao ;  that  is,  in  the  caw?  of  lioth  th(*e  gfflBea,  one  portion  of  the  difBolred 
quantity  is  more  forcibly  retained  by  thi*  blood  tlian  the  other,  and  ia  independent  6l 
change*  of  preasure,  exactly  as  has  been  sbown  to  be  tl)e  c««e  with  chlorine  and  water. 
The  amount  of  tbia  attached  oxygen  is  far  larger  than  the  tmly  abaorbed  portion ;  and 
from  thea«  facts  wo  may  draw  the  interesting  concluHion  that  the  riehaeaa  or  poT«1j 
of  a  given  volume  of  air  in  oxyg«?n,  at  Tarious  heights  above  the  aea  level  for  inataDce, 
can  exert  bnt  a  very  alight  influence  on  the  total  volume  of  oxygea  contained  ia  tha 
blood,  and  therefore  upon  animal  life. 

XL  Absorption  of  Gatt$  by  Solidf.—'Poront  carbon  in  the  form  of  chamaal 
is  the  only  solid  aubetance  whose  coefflcienta  of  abaorption  for  varioofl  g**™  ^^ 
been  determined  with  any  approach  to  accuracy.  From  toe  experimenta  of  Sautaftre^ 
made  with  the  charcoal  of  box-wood,  it  appeura  that  1  volume  of  charcoal  •fcdori^ 
at  12°  C.  and  vnder  a  preaaore  of  724  millimt-trm  of  mercury,  the  foUowtog  ToiimM 
of  gas: 


Volame*. 

Votumi 

Ammoniaeal  gas 

.       W) 

defiant  gas      . 

.     35, 0 

Hydrochloric  acid  gas 

,       85 

Carbonic  oxide 

U  i 

Sulphunms  acid  . 

.       85 

Oxygen    . 

Vi 

Sulphuretted  hydrogen 

.       55 

Nitrogen  . 

74 

Nitrous  oxide 

.       40 

Hydrogen 

171 

Cnrbonic  acid 

.       35 

The  abflorption  whicli  eeveral  other  solid  tiodies,  such  as  gjpaom,  ^ 

woods  of  viiriouB  kinds,  wool,  silk,  &c.,  effect  upon  gasea  has  also  been  detenmaadf 
Buuasuro,  but  from  the  imlofinite  nature  of  the  eubstances  operated  opon,  tha  namb 
nlifainad  have  but  flight  interest,     Lat4»r  experiments  of  Favre  (Comp*.  r«nd.  xn 
729)  conlinn  Sauwure's  results,  in  eo  fiw,  at  least,  aa  concerns  the  order  of  aolobililj 
in  which  the  gnaea  are  arranged. 

The  ooeffieienta  above  giri-n  represent  the  qnantity  of  gas  taken  op  hy  onw  TcihniK 
of  charcoal  prc^-iously  freed  from  any  foreign  gas  absorbed  in  the  porea.  This  punt* 
edition  of  the  charcofil  can  only  be  effected  by  a  high  temperature,  for  it  has  been  sbova 
that  the  simple  remoraJ  of  the  atmowphcric  pmwure  by  no  means  expels  all  the  gw 
previouBly  absorbed.  Whether  the  wholp  of  the  abaorbea  gas  is  expelled  at  a  red  b«l 
IB  as  yet  an  unasecrtainfd  mnttt-r ;  but  it  is  known  that  much  more  gas  is  thns  driTi~ 
off  than  can  be  nmiov^^d  by  tlm  mere  withdrawal  of  the  atmospheric  precerure,  i 
hence  we  see  that,  at  n  high  t^-mperature,  the  Httraction  of  the  particles  of  solid  i 
ni  effecting  the  ab«orf>tion  i»,  if  not  altogether  dnstroyed,  at  any  rate  much  din ' 
When  a  solid  body  is  brought  into  an  atmosphere  consisting  of  a  mixture  of  i 
gases,  each  one  of  the  several  gases  will  be  absorbed  in  quantities  depen<2- 
relatiTe  amount  of  that  gas  present  mid  its  particular  coefficient  of  absor: 
for  example,  a  piece  of  charcoal,  or  any  other  solid,  exposed  to  the  air,  al  ~ 
nite  quantity  of  nitrogen,  oxyg<>n,  carbonic  acid,  and  aqueous  vapour,  which  thtu  kw 
their  gaseous  elasticity  or  tciiaion,  become  in  fact  solid,  and  can  be  removed  only  vitk 
great  difficulty.  Dr.  R.  Augusi  Smith  has  quite  recently  communicated  the  fcsultscf 
some  experimeutit  upon  the  poiubilily  of  certain  gaaes  in  charcoal  (Proc  Boy.  Soe.  m. 
424),  the  mo«it  imj>ortant  points  of  which  he  summarises  in  the  following  aentcncoi: 

1.  Charcoal  cili^iorbs  oxygt^n  so  as  to  separate  it  from  common  air,  or  from  its  raiz- 
turea  with  hydrogen  and  nitrogen  at  common  temperatures. 

2.  Charcoal  continues  the  absoiption  of  oxygen  for  at  least  a  month,  although  Ibc 
chief  amount  is  absorbed  in  a  few  hours,  sometimea  in  a  few  seconds,  according  to  ths 
quality  of  the  charcoal 

3.  It  does  not  absorb  hydrogen,  nitrogen,  or  carbonic  add  for  the  same  period. 

4.  Although  the  amount  abwrbed  is  somewhat  in  the  relation  of  the  oondens^biEly 
of  the  gases  by  pressure,  this  ia  not  the  only  quality  regulating  the  abaoiptmk  n 
oxygen  at  least 

.'••  When  it  is  nought  to  remove  the  oxygen  from  charcoal  by  warmth,  carbonic  arid 
is  formed,  even  at  the  temperature  of  boiling  water,  and  slowly  even  at  lower  teape- 
raturea. 

Although,  from  the  complicated  nature  of  the  modifying  conditions,  wriirf  n*  ?*■< 
aftjuaintea  with  but  few  exact  quantitative  relations  concerning  the  absorr  <■•'■» 

by  solid  bodies,  still  there  arc  many  interesting  proofs  of  the  eziateoce  t ' 
tion,  eren  in  the  case  of  soLids  whose  surface  is  small  in  compariaon  witu  tijoir  umlc 


GASES— COLLECTION  AND  PRESERVATION   OF.    805 

Thtu,  for  Piample.  in  Ihp  mAnafiictaire  of  exiu>t  b&rometera,  gr»t  difficulty  u  experi- 
enced in  separating  from  llie  intenor  of  the  tube  the  adhering  or  abaorbed  air,  which. 
if  not  eomplptt'ly  eipelled,  gradually  resumes  the  giwoou*  condition,  and  •'nterinij  into 
the  TorriccUiftii  Tucuuia,  renders  the  iDstrumc-nt  incorrecL  Tbas,  too,  in  the  chemical 
photomet.cr  U5ed  bj  Bunsen  and  Ro3coe,  in  which  a  perfectly  pure  mixtora  of  equal 
Tolumea  of  chlorine  and  hydrogen  is  employed  as  the  sensitive  eabatance,  the  only  coo- 
ceiTuble  reason  why  the  chlorine  and  hydrngen  maiit  be  paMed  for  aeveral  daya  throagh 
the  apparatus  before  the  maximum  and  permanent  degree  of  Rontibility  is  reached.  IJ 
that  the  oxygen  and  nitrogen  absorbed  by  the  glaiw  is  expelled  with  the  greatest  diffl- 
ctUtj,  and  thiit  (as  proved  by  direct  experiment)  the  most  minute  trace  of  foreisn  gaa 
disturbs  the  action  of  the  light  to  an  immense  extent.  Similar  efTeeta  prodaced  by  tha 
layer  of  air  which  covers  all  solid  bodies  are  well  known  to  photographers,  who  care- 
ftuly  goard  agninst  the  presence  of  this  condensed  atmo»p!)ere,  removing  it  by  mecha> 
nical  means  immediately  bi^fore  the  plate  reeeires  the  sensitive  coating.  Almost  the 
whole  of  the  singular  phenomena,  first  investigated  by  Moser,  and  Bscribe<l  by  him  to 
the  action  of  "  latent  light,"  may  be  more  rationally  explained  by  the  application  of 
the  authenticated  facta  of  the  absorption  of  gaeea  \rj  solid  bodiea.  The  well-known 
experiment,  for  instAiice,  of  allowing  a  coin  to  r<>main  for  a  short  time  on  a  freahly 
cleaned  and  brightly  polished  metallic  plate,  when,  on  removing  the  coin  and  breathing 
on  the  plate,  the  image  is  plainly  seen,  doppuds  uiKin  the  absorptire  action  which  the 
newly  cleaned  surfiKe  of  the  plate  exerJa  upon  the  condensed  gases  of  the  coin ;  if  th* 
surface  both  of  the  plate  and  of  the  coin  be  equally  ftaturate«l  with  gas  no  soch  image 
will  be  perci'ived,  and  if  both  be  equally  free  from  any  condensed  atmcKfphere,  the  same 
nesative  result  will  be  obtained. 

Many  of  the  scM.<aIl(>d  "  catalytic  "  actions  which  rarions  metals  produce  tipon  gaaea 
SHiy  also  be  explained  in  a  similar  manner.  The  effeict  which  finely  divided  platinum, 
cr  eren  a  dean  plate  of  that  metal,  exerts  in  producing  the  combination  of  oxygen  and 
hydrogen,  doubtless  deponds  on  the  ubsorption  of  these  gases  on  the  surface  of  the 
phitinum.  the  consequent  approximation  of  the  gaseons  particles  being  sufficient  lo 
induce  their  chemical  union,  thus  evolving  heat  enough  to  catl»e  the  combuption  of  the 
Burronadin^  gas.  The  most  definite,  and  therefore  thw  most  interesting,  experimenta 
on  this  aubject  hare  bwn  made  by  Magnus  (Pogg.  Ann.  Ixxxix.  604).  He  has  not 
only  ebowD  that,  owing  to  the  abHorplion  of  ga^cs  by  solids,  the  coefficients  of  expun- 
sion  of  gases  by  heat  differ  when  the  ext^-nt  of  Hurfuce  of  the  vessel  in  which  they  are 
confined  is  altered,  but  h©  has  actuslly  determim^d  the  quantity  of  gaa  absorbed  by  a 
square  millimetre  of  gliiss.  Thus  in  two  voriwlH,  the  relation  of  whose  sur&u;«s  (the 
eapiictty  being  the  mme)  was  as  1  to  36,  the  eoelficionts  of  expansion  of  sulphnrous 
acid  from  0**  C.  to  100''  C.  were  0-3822  and  0-3896  respectively,  or  the  amount  of  sul- 
phurous acid  absorbed  on  each  square  millimetre  of  surface  was  00008  cubic  miUim**ti*i.  ' 
The  same  npisult  was  obtained  when  spongy  platinum  was  placed  in  the  gas :  wttboot 
spongy  platinum  the  coefficient  of  expausion  of  siilphuroiis  acid  was  found  to  be  0-3882, 
and  in  presence  of  the  finely  divided  metal,  03922.  It  is  more  tlian  probable  that  in 
Itegnanlt's  classical  researches  upon  the  action  of  pr^saure  on  gases,  a  portion  of  the 
deviation  which  in  every  case  was  observed  frwn  the  law  of  Marriotte,  wjuj  due  to  this 
condensation  of  the  gas  upon  the  surfaces  of  the  enclosing  vessels.  In  the  exact  d«»fer- 
mination  of  gaseous  specific  gravitits,  these  absorptive  phenomena  also  exert  a  disturb 
icg  influence.  H.  E.  R. 

GAS  US,  COX.X.BC-nav  Sjm  VKSSEAVATIOIT  or.  There  are  tbre* 
general  methods  of  collecting  gast-s,  the  choice  lietwet- n  which  must  di-pend  upon  th« 
manner  in  which  the  gua  is  generated,  and  the  degree  of  puritrjr  required  by  the  use  to 
which  it  is  to  be  applied. 

L  By  reception  in  an  exhautied  M»teL — A  vessel  of  gi&BB  or  metal,  provided  with 
ft  stopcock,  is  exhausted  as  completely  as  possible  by  the  air-pump,  and  then  connected 
with  the  reservoir  containing  the  gnu. 

This  narthod  i»  not  of  very  frequent  application,  partly  because  it  requires  somewhat 
cojnplicaied  appamtus,  and  partly  from  the  imjwssibility  of  obtaining  a  complete 
Tftcuura  with  the  air-pmnp.  When,  howrrcr,  the  flU|»ply  of  gas  is  unlimited,  as  when 
samples  of  air  are  to  bo  collected  from  different  localitifs  for  analysis,  it  answers  very 
well;  because  th*>  vessel,  after  having  been  once  exhausted  and  fill*»d  wilh  the  ga^ 
may  be  eihau*ted  again  and  re-fillo(^  and  this  opH>ration  repeated  till  every  trace  of 
the  air  originally  containeil  in  the  vessel  is  removed. 

A  method  ctimilor  in  principle,  and  often  very  convenient,  especially  for  lecture 
experiments,  is  to  collect,  the  gas  in  a  bladder  or  caoutchouc  bag,  provided  with  a  stop- 
cock, and  prrviously  emptied  of  air  by  pressure.  Larger  quADtiticss  of  gas,  such  aa 
are  reqairod  for  the  oxv-hydrogen  blowpipe,  may  be  collected  in  Isrge  linen  bag! 
eoftted  on  both  sides  witn  caoutchouc.    The  bagawhen  Ml  an  oonnocted  by  flexible 
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tnbes  with  the  nozsle  of  the  blow-p]'p«,  and  the  gases  are  pteflBcd  out  by  Ujing  vnghti 
cpoD  the  hagi,  placed  for  tho  purpose  between  boarda. 

2.  By  duplaeemmt  of  the  air. — To  fill  a  Tessel  in  thia  manner  with  a  cas  heaTi#r 
thim  the  air,  anch  M  chlorine,  hydrochloric  add,  or  carbonic  anhydride,  the  d<^Tei7-toU 
proc'ecdiu^  from  the  goaerating  Teasel  is  made  to  poas  down  to  the  bottom  of  the  reoeirei, 
placed  with  its  mouth  upwards.  The  gaa  then  gradually  flUa  the  TeaaeJ,  driring  oat 
the  atmoepberie  air  at  the  top.  The  operator  judges  when  the  vessel  is  (ikSl  of  gaa,  a 
the  case  of  chlorine,  by  the  colour ;  in  the  ease  of  add  gasea,  by  the  reddening  of  litmai 
held  over  the  mouth  of  the  Teasel ;  and  in  the  case  of  carbonic  anhydride,  by  the  npii 
extinction  of  a  lighted  taper  held  there.  For  gaaea  lighter  than  air,  auch  aa  hydnign 
and  ammonia,  the  genprating  Teasel  U  fitted  with  an  upright  delivery-tube,  and  the  Tend 
in  which  the  gas  is  to  bf^  collected  is  inverted  and  held  over  it,  with  tihe  end  of  th* 
delivery-tube  reaching  quite  to  the  top  of  the  TesseL  This  method  ia  especially  eoo- 
venient  for  collecting  large  qnaudties  of  gases  which  are  quickly  ftbeorbed  by  watei^ 
or  when  m  considerable  quantity  of  gaa  is  required  ia  the  dry  state. 

8.  Coiiection  over  tiqmdt. — The  mode  of  collection  which  u  applicable  in  the 
ixeatest  number  of  cases,  is  to  receive  the  gas  over  a  liquid  which  will  not  absorb  it, 
me  li<^aidB  most  £reqaently  used  for  the  purpose  being  water  or  mercury.  A  jar  or 
bottle  u  filled  with  the  liquid  and  inverted  in  a  trough  of  the  same,  and  the  end  of  the 
delivery-tube  proceeding  from  the  gas-generating  apparatus  is  inserted  beneath  tbt 
mouth  of  the  jiir,  bo  tbut  the  gaa  may  rise  in  bubblra  through  the  liquid,  displace  it, 
and  fill  the  vestieL  The  methcd  is  too  well  known  to  need  more  particolar  descriptkn. 
If  a  Kas  not  absorbed  by  water  is  to  be  kept,  it  is  collected  in  a  bottle  in  the  ntannei 
just  mdicated,  and  the  bottle,  whf^n  nearly  full,  ia  closed,  while  still  standing  ia  ths 
trough,  with  a  cork  or  ground  stopper,  then  placed  with  its  mouth  downwards  in  a 
email  bnsin  containing  suifident  watftr  to  cover  the  mouth.  Or  the  bottle  may  be 
quite  fillEKl  with  the  gns  and  closed  with  a  greased  stopper,  aftflrwaida  tied  do'wn;  ot 
with  a  cJosely-itting  cork,  which  ia  afterwards  oovered  and  fastened  down  with  ■ealing* 
wax,  or  Uod  round  with  bladder  or  aheet  caoutchouc. 

The  methods  of  collecting  and  transferring  gaaes  over  the  mercurial  trough  fin 
eudiomotric  analysis  are  described  in  the  artide  Axa.ltsis  of  Gases  (i.  268). 

An  excellent  substitute  for  a  mercurial,  and  evt'n  for  a  water  trough,  in  nusy 

experiments,  is  the  inBtromcnt  known  u 
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Cooper's  mercurial  rcetivfr.  It  consists  of  s 
glass  tube,  a,  b  {jig.  610).  closed  at  000  e^ 
and  bent  upwards.  It  ia  filled  with  meimy 
by  inverting  it  and  pouring  in  the  189- 
cuiy  at  b.  On  again  inverting  it,  as  ia 
the  figure,  the  mercury  is  retained  in  tbs 
tube  by  the  pressure  of  the  atmospheni 
On  inserting  the  delivery-tube,  at  ^  ^ 
enters  and  displaces  the  meri'ury,  which  it 
n^coived  in  the  basin  c.  The  operatioa 
muiit  be  stonped  when  the  tabe  is  flUsd 
with  gas  to  the  bend. 

The  apparatus  afibrds  great  £kdlities  fisr 
m&king  a  number  of  experiments  on  a  noaQ 
quantity  of  gas ;  for  by  placing  the  thonb 
on  the  end  h,  and  inclining  the  tube  wo  t» 
to  allow  a  little  of  the  gaa  to  fiow  itniDd 
the  bend  into  the  short  am,  H  nay  ha 
examined  as  to  its  chemical  or  pfajfvied 
characters,  such  as  sroell,  tnflammabihtj, 
reaction  with  teat-papers.  &e  {GrmBt 
WilliaTM^a  Ckimieai  MampvJaiiif%  p. 
320.) 


For  coilectirff  and  preserving  lai^e  quAutities  of  gases  not  absorbed  by  water, 
called  gas-holders  or  gasomett^rs  nre  frtx^ncntly  cmi>k)y<^  The  most  oonveiBJcDt 
form  of  gas-holder  is  that  invented  by  Pepys,  and  rvpn-seuted  in  fig.  fill.  It  enatisti 
of  a  drum  or  reservoir,  a,  of  sheet  coppt.T,  surmounted  by  a  shallow  trough  or  cislrrn, 
B,  the  communication  between  the  two  being  made  by  a  couple  of  tubes  fil^Di^he^^  wiJl 
cocks,  g,h,  one  of  the  tubes  passing  nearly  to  the  bottom  of  the  drum.  A  short  wide  oi^^ 
tube,  /,  ia  inserted  obliquely  near  the  bottom  of  the  vessel,  into  whi-^h  a  plug  may  bo 
tightly  Bcrfi'Wed.  A  glass  wiiter-gn.ugo,  e\f.  affixed  to  thf  side  of  tht»  drum,  and  com- 
nmnii-aliiig  with  both  top  and  Ijottoni,  indicates  the  level  of  the  liquid  within.  Som«- 
limea  a  divided  scale  is  attached  to  lhi«  tube  to  raoaaurc  the  in-  and  out-flow  of  the  pa 

To  use  the  gitit-holder,  the  plug  is  first  to  be  screwed  mto  the  lower  opening  aad 
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the  dram  completely  ftUad  vith  water.    All  three  Bbopcodu  aire  tlten  to  be  doaed,  and 

the  plug  ramoTod.    The  prevuro  of  the  atOKMrpben  retains  the 

water  in  the  ga»-holder,  and  if  no  air-leause  ocean,   the 

e«ottp«  of  water  u  inconsiderable.     The  eairenuty  of  the  deli- 

Teiy-tabe  is  now  to  be  well  puBhed  through  the  open  aperture 

into  th#  drum,   eo  that   Ui©  bubble*  of  g««   rise   without 

hittdnuiee   to   tb«  upper  part^  displacing   the  water,  which 

flows  oat  in  the  same  proportion  into  a  vessel  placed  for  its 

reception.     When  the  drum  i«  flllod,  or  enough  gas  has  been 

collected,  the  tube  i«  withdrawn,  and  the  plu^  ecrowed  into  it« 

phice. 

"When  a  portion  of  (ha  gas  i^  to  be  transferred  to  a  jar,  the 
latter  is  to  ne  filled  with  water  at  the  pneumatic  trough,  carried 
by  the  help  of  a  baaio  or  plate  to  the  cistem  of  the  gas-holder, 
and  placed  orer  the  shorter  tube.  On  opening  the  cocks  of 
both  tubes,  water  will  flow  down  the  longer  tube  into  the 
drum,  and  force  the  gas  through  the  shorter  taljc  into  the 
jar.     The  Tesstl  whoa  filled  may  ni^ain  have  Xhn  plate  slipped  under  it  and  remored. 

This  ga8>bulder  is  very  coriveriicnt  for  ptitwing  a  stream  of  gaa  or^-r  any  MubatanM 
oontained  in  a  tube  or  other  resacl,  as  in  exprniuents  of  ozidatioD  and  reduction.  For 
this  puipoae,  the  ressel  coatuiuing  the  aabatance  to  be  operated  upon  is  connected 
air-tight  with  the  cock  «  of  the  gas-holder,  and  the  cocks  r,  g  are  opened.  The  preMiun; 
of  the  water  then  forcea  the  gas  through  the  tube.  In  Um  Miae  manner  a  bladder 
may  be  filled  with  gas  by  attaching  it  to  the  stopcock  e.  If  great  prMsnre  ia  required, 
a  long  tin  tube,  terminating  in  a  funnel,  may  b«  Berewt<d  into  the  upper  end  of  the 
loog  tabe  of  the  gas-holder,  and  water  poured  in  at  the  fuimuL 

Tba  gu-holder  may  also  be  used  as  an  aspirator,  by  filling  it  with  wat«r,  closing  the 
ooeka  g.  A,  conaeciing  the  reseel  through  which  the  air  it  to  be  dn>wn  with  the  coiik  <?, 
and  opening  the  plug.     The  water  then  runs  out,  and  tt«  plaoe  is  supplied  by  air. 

Another  form  of  gos-halder  or  gasomott^r,  more  used  in  manufacturing  op^rutinnn  than 
in  the  laboratory,  consists  of  two  metal  cylinders,  {fig.  612)  one  inverted  within  th* 
oiIht,  which  contains  water.  The  iuner  cylinder  a  is 
couiilcrpoised  by  weights,  w,  posting  over  jmllf ys,  (k> 
that  it  will  easily  move  upwards  when  pressed  &om 
below.  A  metal  tube,  cdf,  provided  with  a  stopcock, 
»,  paMes  through  the  sidr<  of  the  outer  cylinder  close 
to  the  bottom,  then  vertically  upwards  to  within  a 
slioct  distance  of  the  top  of  the  ixmcc  cylinder  when 
in  )t«  lowest  position. 

To  iiB(t  this  apparatus,  the  stopcock  f  is  orx^ncd,  the 
inner  cylinder  depresBed  to  its  lowest  jxiisitiau,  and 
water  pourr^d  into  tbf  outtr  vasscl  till  it  fills  tbe  inner 
one,  driving  the  air  before  it  through  the  op«>n  tube. 
The  outer  cjitrfmity  c  of  this  tube  being  then  con- 
mnrted  with  the  delivery- tube  proceeding  from  the 
generating  vessel,  the  gas  enters,  passea  apwanJif,  and 
pushes  up  the  inner  cylinder,  which  is  thus  gnidu&Uy 
raised  to  its  highest  pusidun,  and  filled  with  gas. 
The  stop-cock  is  then  doswl  To  transfer  the  gas,  a  g 
delivery-tubo  is  attdcbed  to  the  end  c  of  the  tube  cdty 
the  stopcock  is  opened,  and  a  portion  ef  the  weight 
which  counterpoises  the  inner  cylinder  is  removed. 
Tliis  cyUnder  then  descends  by  its  own  weight,  driving 
the  gas  beft>rfl  it  thnjufb  the  tube  cde.  The  flow  may 
be  madp  sluw  or  rapid  by  removing  less  or  more  of 
the  counterpoise. 

This  form  of  gos-haldcr  is  equally  convenient  with  that  of  Fepye  for  paasiag  a 
continuouii  stream  of  gas  through  a  tube  or  veseel ;  but  it  does  not  afford  the  same 
fedlity  of  filling  jam  or  bottles  with  gas. 

For  figures  of  the  large  gasometers  uijed  in  gas-works,  see  Vrt't  Bictumary  of  ArU^ 
art  Coal-Gas  (L  740-763^ 

Oases  required  to  be  preserved  in  a  state  of  purity  must  not,  however,  be  left  stand- 
ing orer  water;  for  water  abeorbs  th*?  pawcs  of  the  •"xtemal  atmosphere,  and  these  dia- 
Hivad  gasee  afterwards  difFiLw  themBelvce  into  the gus  standing  over  the  water  (p.  801); 
mareoTcr,  as  all  gases  are  more  or  le^  soluble  in  water,  each  to  an  extent  pectiiiar  to  itself^ 
the  compositioD  of  a  gaseous  mixture  standing  oviY  water,  neeewarily  ondoigoes altera* 
tioti  in  course  of  time. 


J 
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To  aToid  this  source  of  error,  and  at  the  same  timo  to  obtain  an  apparatus  vUch 

S'ves  fiicility  for  witUdrawing  saccPSBiTe  oamplps  of  a  gaseous  tnixtnr*  for  examtnation, 
unson  has  contrived  the  mercarial  gasometer  ropresented  in  fff.  613.     Its  oonstroo- 

tion  IS  flxactlj  simiiar  to  that  of  the  eom- 
Fiff.  513.  moD  gasometer  last  described.     The  onto 

cylinder,  a  a,  is  filled  with  mrrcurr,  and  tht 
bell-jar,  bb,  can  be  mored  up  and  dowi  ^ 
it  by  means  of  the  holder  c.     The  dt-lif 
and  exit  tubi^s,  f, «',  are  bent  in  the  V  slu^ 
and  pass  under  the  beU-jar ;  to  the  outer 
end  of  each  of  them  is  attached  a  caout- 
chouc tnbe,  d,  d',  within  which  ia  plaoed  • 
email  piece  of  glass- rod,  fitting  it  toosely,  n 
as  to  afford  ea^  passage  for  a  gas,  bat 
«'  forming  a  perfectly  aix^tifffat  joint  wbea 
^  the  caoutchouc  tube  is  tied  round  it  with 
a  silk  cord.     When  the  l>eU-jar  is  to  be 
filled,  it  most  be  sunk  as  far  as  posdble  in 
the  cyliadfr  uo,  care  being  taken  that  tU 
tubes  r,c,  do  not  dip  under  the  BMnnrr. 
As  8<Hjn  as  the  air  has  been  oompUtefj 
displnoed  by  the  ciirrcnt  of  gas,  the  rtin  i 
is  closed,  the  bell-jar  drawn  out  of  tfta 
mercury  iis  it  fills,  and  when  this  is  ace 
pUshed  the  valve  if  ia  also  cloaed.    To  1 
a  sample  of  the  gas  thus  collected,  a  < 
lary  gas-delivery-tube,/,  filled  withme 
is  fixed  air-tight  into  the  dosed  caoutdww 
valTo  d,  and  the  end  of  the  deliTery-tahe 
being  placed  nnder  the  vegscl  to  wbicfa  th« 
gas  is  to  be  transferred — a  eadiometcr,  isK 
example — in   the    mercnrial  trough, 
valve  d  is  slowly  opened ;  the  bell-jtf  t 
descends  by  its  own  weight,  and  forces  < 
gas  through  the  tube. 
If  tifl  nature  of  the  investigation  requires  the  transference  of  a  given  volume  of  gH 
without  loss,  the  vessel  represented  in  Jigs.  37,  38,  39,  (pp.  24S,  244.  vol.  i.\  or  one  of 
mmilar  conetruction,  but  with  n  cylindrical  body  and  having  a  divided  scale  marked  oo 
it,  may  be  used.     {See  BuruterCg  Gaaomttry,  p.  20.) 

Prcstrvaiion  of  gates  in  sealed  tube*. — In  researches  on  the  nature  of  the  guH 
evolved  in  manufaoturing  operations  or  from  natural  sources,  such  as  volcanic  fisrares, 
clefts  in  mines,  spring- waters,  or  sampli?*  of  air  from  particular  locaJiUes,  it  is  fiv- 
quently  necessary  to  keep  the  gases  for  some  time,  ana  transport  them  to  a  distaan 
before  they  can  be  analysed ;  und  the  only  way  of  securing  them  absolutely  finro  alteri- 
tion,  or  from  admixture  with  air.  ia  to  receive  them  in  vessels  which  can  be  faerm^- 
caUy  spalod,  Bunsen  haa  contrived  for  this  purpose  a  number  of  highly  ingeniaw 
methods,  which  are  fully  described  in  hia  "  Gasatnetry." 

If  the  gjifl  issues  under  pressurp,  a  number  of  tubes  5  or  6  inches^  loo^  "^^^^H 
f  of  an  inch  wide,  and  drawn  out  at  each  end.  fio  as  to  be  quickly  and  eaailj  MoIed  H^^H 
the  blowpipe,  are  connected  tcgfther  by  caoutchouc  tubes,  and  the  gas  is  made  to  MH^ 
llirough  the  whole  arrangement  long  enough  to  drive  out  all  the  atmospheric  air.    Tl» 
outer  extn?mihe8  of  the  first  and  last  tubes  are  then  scaled  by  the  blowpipe ;  afterwink 
the  necks  of  the  intermediate  tubes  in  succession,  so  as  to  sepsrato  them,  and  enclos* 
B  qnantity  of  the  gas  in  each.     It  was  by  an  arrangement  c^  this  kind  that  Butis^a 
collected  the  gases  from  blast-furnaces  for  analysis.     A  wide  wrought  iron  ivht,  con- 
sisting of  sevTral  pieces  screwed  together,  was  sunk  in  the  furnace,  and  the  gasea^ibreed 
through  it  by  the  blast,  were  conveyed  by  a  flexible  leaden  pipe  into  a  a«riea  of  ^aa 
tubes  connected  as  above. 

If  the  pressure  under  which  the  gas  iaraiM  from  its  source  is  not  sufficient  to  drirc 
it  through  the  series  of  glnfls  tubes,  it  must  be  drawn  through  them  by  an  exhsa«tiiig 

Sringe  or  an  aspirator.     This  ia  sometimes  the  case  with  tbe  gas  which   isiues  fnm 
jfts  in  coal  strata  or  from  volcanic  fissures.     To  collret  auch  gasea,  the  series  of  a 
row  tubes  is  connected  at  one  end  with  a  long  wid>!  tuW  of  lead  or  glass,  which  can 
inserted  into  the  Assure,  and  at  the  other  cud  with  the  syringe,  which  is  wo^»d  lo  _ 
snongh  to  en.<iure  the  complete  expulsion  of  atmospheric  air  from  the  oppoiatua.    The 
tobea  are  then  sealed  and  separated  as  before. 
For  collecting  gases  in  situatioos  easy  of  access,  as  for  instance  in  reeeorebM  oo  tbe 
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compomtion  of  the  atmoflphere,  or  of  the  air  of  mines  and  CkTes,  &  oommon  flaak  of  m 
capacity  of  from  2  to  16  ouncns,  and  baring  its  neck  drawn  out  to  &  narrow  tnbe  at 
tb«  distance  of  }  of  an  inch  from  the  mouth,  maj  be  uMd,  To  fill  thiji  bottle  with  tha 
gPMeooa  mixture  of  the  locality,  the  air  ia  encked  cut  of  it  through  a  loog  tabe,  reach- 
ing to  the  bottom,  fire  or  mx  de«ip  itujoratiozta  bring  aufficient  for  the  purpoae ;  after 
wbich,  the  flaak  la  closed  with  a  cork,  and  the  nock  iiealed  by  the  blowpipe  flame. 

Oaaea  eTolred  under  water,  like  marab-gaa  fitom  stagnant  pools,  or  the  gases  from 
springs,  may  be  collected  by  mean  a  of  the  apparatus  represented  in  Jig.  514.  It 
ooneiKta  of  a  «maJl  t«8t>tiibe  having  a  capacity  of  40  to  60  cubic  centimptres,  drawn  out 
before  the  blowpipe  at  a  to  the  thickness  of  a  straw,  and  fixed  by  a  cork  or  a  Talcanised 
caoutchouc  tubo  to  the  funnel  b.  Ini^tead  of  the  test-tube,  a  small  long-necked  flaak  may 
be  used,  having  its  nock  similarly  druwn  out  before  the  blowpipe.  The  apparatus  is  ftrst 
filled  with  the  water  by  immersing  it  with  the  mouth  of  the  funnel  upwards  ;  but  as 
the  water  is  thus  brought  in  contact  with  the  air,  which  will  alter  the  composition  at 
the  gases  absorbed  by  the  water,  the  water  must  be  sucked  out  of  the  apparatus 
through  a  small  tube  reaching  to  the  lowest  part,  till  the  whole  baa  been  displaced  br 
other  water  from  the  spring.  The  apparatus  may  then  be  inrerted,  and  the  gat  suf- 
fered to  rise  into  the  tube.  If  the  bubbles  stop  in  the  neck  of  the  funnel,  or  in  the 
narrow  part  of  the  tube,  they  may  be  nude  to  aaoend  by  taping  the  edge  of  the  funnel 
against  any  bard  aabstaoce. 

When  the  tabe  is  full  of  gas,  the  Apparatos  may  be  removed  from  the  spring  by 
means  of  a  small  basin,  and  the  tube  melted  off  at  a  by  the  blowpipe,  the  moistnn  at 
that  poxt  baring  b^en  preriouoly  expelled  by  the  flame.  The  column  of  water  which 
rises  ia  the  funnol  abore  the  level  of  the  water  in  the  basin,  renden  the  pressure  on 
the  gas  less  than  that  of  the  atmosphere ;  hence  no  bulging  of  the  tube  can  toko  plMlL 
(Baoicn.) 

Fig.  514.  Fig.  615. 


i 


Another  way  of  mounting  an  apparatus  for  coUecting  gases  from  springs  is  that 
^opted  by  Hofmann  in  the  examination  of  the  Harrogate  waters  (Chem.  ooe,  Qu.  J. 
rii.  169).  In  this  apparatus  (A:?.  516),  the  tube,  narrowed  in  one  p«rt,  a,  as  above,  is 
supported  on  an  iron  tripod  t,  and  fixed  by  means  of  a  strong  caoutcboae  connector 
b,  into  a  larjte  perforated  wooden  float,  the  lower  surfiice  of  which  is  boUowpd  out  so 
as  to  collocl  ibe  gas-bubbles,  and  atu-se  tljera  to  ascend  into  the  receiver,  which  in  flUed 
with  water  at  the  couuneacement  of  the  operation.  As  soou  as  the  receiver  is  filled, 
the  caoutchouc  connector  ia  eloeed  by  mpans  of  a  screw-clamp,  and  the  receiver  is  dia- 
eonneeted  and  sealed  before  the  blowpipe.  For  the  method  of  collecting  the  gasM 
4tU8i>hvt1\n  watr>rM,  «f-<?  Waters,  Miskhal. 

OASZS,  COMaZN&TXOir  or,  by  V0X.TJ«EB.  The  specific  gravities  of 
elemcntan-  Ij<-h1i>h  in  the  gaseotui  state  are  to  one  another,  for  the  most  part,  in  the 
same  ratio  as  their  atomic  weights ;  thus  the  volume  which  corresponds  to  any  given 
quantity,  say  1  gnunme  of  hydrogen,  corresponds  also  to  14  grttrames  of  nitrogen,  16 
gramtnes  of  oxygen,  32  grammecofsulphar>T^70ur,  35*5 grammes  of  chlorine,  80  gramraeB 
of  bromine,  and  127  gr^mmefl  uf  iodine,  so  that  the  speeific  gravities,  or  wei|;htj«  of 
equal  volumes,  of  these  elements  in  the  ga&?ous  state,  referred  to  hydrogen  as  unity. 
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Ar«  expressed  by  the  same  nombera  as  their  atomic  wei^ts ;  and  the  ^mbols  H.  N,  <X 
CL  Br.  &&,  vhich  reproM&t  the  atomic  weights,  likewise  represeDt  eqtul  vvlniiua  of 
the  aereral  gases.  ... 

The  exceptions  to  this  law  a»  the  following :  —  I.  The  specdfte  graTitua  of  phos- 
phorus and  anenic  in  the  aUte  of  gas  or  Taponr  are  twice  as  gre«t  aa  thdr  atooiie 
weights  (F  —  31,  As  -  76),  bo  that  their  atoms  in  the  gaseooa  state  oecapj  only  half 
the  volume  of  an  atom  of  hydrogen.  To  bring  those  elements  under  the  general  lav. 
it  would  be  necessary  to  double  their  atomic  weights,  to  which,  howerer,  there  an 
gnvTP  objections. 

2.  The  Taponr-densitiee  of  mereorf  and  cadmium  acootd  with  the  atomic  weif^to 
given  in  the  table  at  page  465,  vol  i. ;  but  if  the  atomic  weights  of  these  eleaBorti 
are  doabled,  for  which  Uiere  appear  to  be  ooncluflivo  reasons  (see  Ci^asatSTCATloji,  L 
1008,  footnoteX  their  atoms  in  the  gaseous  state  will  occupy  twice  the  volume  of  la 
atom  of  hydrogen.  The  duplicatioa  of  their  atomic  weights  would,  in  f&ct,  briagthai 
metals  into  accordance  with  the  majority  of  diatomic  nulicles,  the  atoms  or  amallsat  eon* 
btning  weights  of  which  occupy,  in  the  gaseous  state,  twice  the  volume  of  tJi«as 
of  monatomic  radicles*;  t.ff. 


Hoestooile  radkle*. 
1  ■t.a|aiol«cuU«  IvoU 
H 

fta 


DUtoiate  radlclei. 
1  kt.  «■  I  molaeulc  s IwL 

cd- 

C'H« 


From  the  preceding  rektiona,  it  follows  that  the  volumes  of  any  two  elemtotiry 
gases  which  muke  up  a  compound  molecule,  are  to  one  another  in  the  same  imdo  as  the 
numbers  of  atoms  of  the  same  elements  which  enter  into  the  compoimd,  exoefilui^  ia 
the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus  detteaaiati 
has  to  b«  halved,  and  of  mercury  and  cadmium,  for  which  it  should  probably  be  ^oalikA  i 
thus:  — 


The  molecule  HCl       contains 

iToiH 

and  1  ToL  CL 

n 

H'O 

2    „    H 

..  1   „   o. 

„ 

H'N 

8    „    H 

..    1    .,    N. 

n 

1 

[      3    .,    H 
or  6    „    H 

»   i    .,    P- 

M       1        .»       P. 

it 

Cl«Afl          „       ■ 

3    „    CI 
or  6    „    CI 

„   i    „    As. 

,.     1      ..     ASL 

>l 

ng"a«     , 

2    ..    Hg- 

..    2    „    CL 

halfli 


If  the  smalle«t  volume  of  a  gasooos  element  that  can  enter  into  eombinalMB  ' 
called  the  combining  volume  of  that  element,  the  law  of  combination  may  be  tiAjimwJ 
as  follows : — 7%«  combining  votumes  of  all  dementartf  gases  are  eqvjal,  txcrpting  tkm 
of  phosphorus  and  arsenic,  which  are  only  hidf  thost  of  the  other  dements  in^ 
gOMCOut  tiatt,  and  proUtUjf  also  those  of  mercury  and  eadmiuut,  which  art  douik 
those  of  the  other  dements. 

It  wiM  of  TOurse  be  understocd  that  the  law,  as  thus  stated,  is  true  only  for  1 
atonuc  weights  adopted  in  thia  work ;  according  to  the  older  system  (that  ox  C 
Handbook),  in  which  the  atomic  weights  of  oxygen  and  sulphar  have  only 
values  here  adopted,  the  combining  volumes  of  thoae  elements  ai«  likewise 
those  of  pboHphoms  and  arsenic  _ 

Bat  whichever  system  of  atomic  weights  be  adopted,  the  volumes  in  which  ^aat^m 
elements  combine  together  may  be  expressed  by  very  simple  numbers.  Tins  Ls  I  be  "  Uw 
of  Volumes,"  first  observed  by  Humboldt  and  Gay-Luasac  in  1806,  with  n^ 
to  the  combination  of  oxygen  and  hydrogen,  and  ailerwurds  established  in  other  ami 
by  Gay-Ltisflac,  whose  observations  published  in  his  Thtyory  of  VolmH«9\,  shoftfy 
ti'SX.^T  the  announcement  of  the  Atomic  Theory  by  Dalton,  afiPon^new  and  ind^eadent 
eiidoQce  of  the  combination  of  bodies  in  detiuite  and  multiple  proportions;  in  eoRotx^ 
ration  of  that  derived  from  the  observed  proportions  of  combination  by  weight 

Qay-Luesac  likewiw  observed  tliat  the  pnxluct  of  the  uuioa  of  two  gaeeifWiia 
itself  a  gas,  sometimes  retnins  the  original  volume  of  its  conatitaenta,  no  oootnttwa 
or  chnnee  of  volume  rcBulting  from  the  i^mbijiation,  but  that  when  oonlxnetiga  tikM 
pLtee,  which  is  the  most  common  case,  the  volume  of  the  compound  gaa  ahrijl  twi 
a  simple  ratio  to  the  volumes  of  its  elements. 

•  If  (hl»  b«!  really  ihe  irenernl  1.iw  of  th?  »iipn«ir-»olmTii»i  oftHatntnic  radiclst,  tli«> eUncittt  O,  S,  S«, 
atxl  Tr.  mliiur  v;iimMr-*fi||iinp«  ur'-ori)  with  (ti;it  ot  hy\\i«-f^rn.  riiM*l  lie  rofsnlMf  «•  rtcepllonJil. 
t  "  Sur  ia  cvMttHtMuuH  tlr$  imOHaMCft  eavuttt  Ic*  u»c*  MUt  It*  amim'—  MIfBOtret  d'ArtuclK  N.  M 
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KO. 
H«0. 
H«N. 

ToL  cm^ci 

„     C'H'CF. 


SabaeqaoDt  obserratioQ  exteadc^l  over  a  very  Ur^e  oombor  of  compooada^  oigaiiio 
AS  well  aa  inorganic,  ban  shown  that,  witli  «  few  exoepdoas,  probaUr  onlj  •ppAnot, 
the  iDoleroles  of  compouod  bodies  in  the  gaaeooA  state  occapy  twice  uu  ▼ohune  of  ta 
atom  of  hjdrogen  gaA.  No  matter  what  jomj  be  the  nttmber  of  atoma  or  i^>lain«i  that 
anter  into  the  compoand,  tbey  all  become  coadeQB<yl  into  two  volumes :  thna 

rl  ToL    H  and  1  toL  CI  form  2  toL 
1    H     N    „     1    „    O     „     2     „ 
1  2    ..      H    „     1     „     O      „     2     „ 

I  8     „      H    „     1     „    N      „      2     „ 

8    „      H    „     i    „    P      „     2     „ 
E&nikrlj  m  the  union  of  compound  giiaea,  e,ff, 
1  ToL   ethyl,       C»H»  and  1  toL    O  form 
8    „     ethyl       C-U*    „    1    „      O      „ 
2    „     ethylene,  CH*    „    2    „      CI     „ 
2     „      ethylene^  CH*    „     1     „      O      „ 
Heoee  it  follows  that  the  apeci/ie  cramty  of  any  compound  ffot  or  vapour,  r^trrtd 
U  kgdrogm  at  unity,  it  eqvat  to  halfiU  mokcular  weight. 

The  ezoeptionfl  to  thia  law  hare  already  been  oonaiderrd  in  tba  article  Atouia 
Wmohts  (j.  467-470).  Thoee  in  which  the  obaerred  Tapour-deiiBity  i*  less  than  that 
dott^rmined  by  calculation,  according  to  the  mle  jniit  giTen,  may  be  explained  by  aup- 
posiog  that,  at  the  high  temperature  at  which  the  specific  gravity  of  tlie  vapoiv  ia 
dcterminod.  the  comiwund  molecule  splits  up  into  two  others,  e.g.  NH'Cl  into  NH*  + 
HCl  {which  subsequently  reoombitie,  as  the  temperature  falls),  so  that  we  are  really 
operating,  not  on  one  compound  molecnle,  bat  on  two  of  leas  complexity,  whence  the 
obeerved  density  corresponds  to  four  vujumes  of  vapour  instead  of  two.  The  validi^ 
of  this  explanation  baa  been  expcrimeotjilJy  demonstrated  in  the  ease  of  hydrate  of  di> 
elhyl-ethylene-diamine,  C*H"N*.H*0,  by  Hofmann  (p.  688);  and  the  experiments  of 
Pebal  on  sal-ammoniac,  aud  of  Waukljn  and  Robinson  on  monohydrateil  sulphurio 
add  and  pentachloride  of  phoephonas,  which  will  bo  described  hereafter  (p.  817).  point 
to  the  same  ponclu,<3ion.  On  the  other  hand,  the  recent  experiments  of  jUeville  and 
Troost  (Ann.  Ch.  Pbann.  cxxvii.  274)  throw  considarable  doubt  npoo  the  reality  of 
theee  supposed  decomposntions  and  reoompodtians,  at  least  in  the  case  of  ammonia- 
>alt£.  Those  chemists  find  indeed :  1.  That  sal-ammoniac  bears  without  decomposition 
a  temperature  at  which  &(>e  ammonia  ih  in  great  part  resolved  into  its  elements,  and 
that  when  the  heat  w  miKcd  blgh  enough  to  decompose  the  salt,  the  result  is  a  mixture 
of  hydrochloric  acid,  hjdrf^geu,  and  nitrogen;  moreover,  a  mixtoro  of  these  three  gases 
passed  through  a  tube  heated  to  dull  rednees,  does  not  form  lal-ammoniae.  Bromide 
and  iodide  of  ammonium  yield  edmilar  results. — 2.  Cyanide  of  ammonium,  which  is 
prodnced  at  1000''  C.  by  the  action  of  ammonia  on  charcoal,  cannot  be  resolved  into 
prneaia  acid  and  ammonia  at  100^  C,  though  at  that  temperature  its  vapour-density 
corresponds  to  a  four-volume  condensation. — 3.  Hvdrochlorate  of  ethylamine  is  not  re- 
solved by  heat  into  ammonia  and  chloride  of  ethyl ;  neither  can  it  be  produced  by  the 
dir<^t  union  of  those  two  gases. 

With  regard  to  those  eases  in  which  the  observed  density  of  the  compound  gas  or 
vaponr  is  greater  than  it  should  be  according  to  Calculation,  it  has  Ix-t-n  foun<l  that 
some  of  the  exceptions  arise  &om  the  vapour  actually  exhibiting  a  greater  dfuaity 
temperatures  not  far  above  the  boiling  puint  of  the  liquid,  than  at  temperatures 

enough  to  bring  it  into  that  stiito  in  which  its  physical  properties  agree  in  all  i     _ 

with  those  of  peniianent  gases.  This  has  long  been  known  to  be  the  case  with  aeetie 
acid  and  a  ffw  of  its  homoh^iguea,  viz.  formic,  butyric  and  jralmanic  acids,  and  tha 
same  anomaly  has  recently  been  demunstrated  by  Play  fair  and  Wanklyn  (Chem. 
8oc.  J.  XV.  156).  ill  the  case  of  pemitric  oxide.  N0»,  which  at  97-6*^  C.  has  a  density  of 
_  1-783  (air  =  1 )  whereas  at  24-6°  it  is  2o2,  and  at  11  S®,  it  is  2-69,  The  first  of  these 
■      densities  corresponds  nearly  with  the  formula  NO',  the  latter  approxinuit**  to  that 

"      required  by  N^O*:  for  N0»  gives  "  ,.  00693  -  1-593 ;  and  IPO*  gives  ^  k  0-0693 

—  8-188.  H<>nee  it  would  appear  that,  at  all  the  tftrnperatures  observed,  the  gas  is  a 
mixture  of  two  polymeric  compounds,  and  at  100°  C,  or  above,  it  consists  for  the 
most  part  of  NO*. 

The  Tapour-donsities  of  mercuric  chloride,  ethylide  of  men^uxy.  ethylide  of  cioc,  and 
trethylide  of  xiuc.  whii-h  ctimfFpond  to  I  voL  of  Tapour  of  th^ir  moleculee,  as  repre- 
sentt'il  by  the  forainhe  Bffil,  C-'lhllg,  C*H'Zn,  CH'iin,  resptTtivcly,  become  normal  and 
corn-npond  to  2  rol«.  if  the  atomic  weights  of  mf-rcary  ana  sine  are  doubled,  as  is  now 
piMierailv  done,  and  thf^e  molpcules  are  accordingly  represefitod  by  the  fbrmulse  Bg"01'p 
C'H'^Hg',  C'H"Zn",  and  C=H»Zm". 


»un<l  that 
4'naity  |^J 
ir«s  hjfll 
ln*P^PHi 
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In  4  hour** 

n  10  hourt. 

.     816     . 

.     945 

.     434     . 

627 

.     41-4     . 

d9-6 

.     34-9     . 

48-8 

.     31-6     . 

470 

.     27-6     . 

460 

.     237     . 

S9-5 

QjiaSS,  SZTnrSXOir  of.    All  guses,  treon  when  nnder  exutiag  drennutaiMit 
they  do  uot  flnt^r  into  chemical  corabiniition,  y<?t  diffuse  themeelves  throng  one  ano  " 
•od  form  »  uniform  mixture,  though  their  upecific  gravities  may  be  rery  diSercat 
they  may  be  kept  pitemallj  at  perfect  n«t.     If,  for  example,  two  bottles  be  conn 
bv  an  upright  glass  lube,  10  Inchea  long  and  j^  inch  wide,  the  upper  bottle  being 
with  hydrogen,  nitrogen,  nitric  oxide,  or  common  air,  and  Uie  lower  with  the  beaTicr 
oarbonio  anhydride,  or  tho  upper  with  hydrogen  and  the  lower  with  commoii  air, 
gen,  oxygen,  or  nitric  oxide,  a  portion  of  the  hearier  gas  will  after  a  few  hoim  be 
in  the  upper  bottle,  and  after  two  or  three  diiys  both  bottles  will  contain  the  two 

in  tho  aame  proportion  (Dalton,  I'hii  Mag.  xxiv.  8),     The  eame  remit  waa  ob . 

by  Berthollet  (M(5m.  d'ArcueiJ,  iL  463)  with  a  tube  10  inches  long  and  \  of 
in«h  wide,  placetl  in  a  cellar  where  no  change  of  temperature  could  t-ake  place  to  tet 
the  gases  in  motion.  When  hydrogen  was  the  gaa  contained  in  the  op{>er  Tesed,  th* 
two  gtaes  were  found  to  be  uniformly  mixed  in  12  days ;  but  when  air,  oxygen,  or 
nitrogen  wae  contained  in  tlie  upper  vessel  and  carbonic  anhydride  in  the  lower,  •ercnl 
weelui  elapsed  b^fure  the  mixture  became  perfectly  uniform. 

If  a  cylinder  filled  with  any  gas  and  pUtced  in  a  horizontal  position  b«  made  to 
eommunioate  with  the  external  air  by  means  of  a  tube  bent  at  right  angles,  the  eai  at 
the  tube  being  dirept«d  downwards  when  the  gius  in  lighter,  and  upwat^ia  when  it  i* 
heari^T  than  the  air,  the  gas  will  gradually  escape  from  the  cylinder,  its  place  beti^ 
anppliod  by  the  air.    According  to  Graham, 

Of  1<M>  volumes  of  gaa  there  disappeared : 

1  Hydrogen     .        .        ,        , 

8  Light  carbuxetted  hydrogen  . 

S'fi  Ammonia     .... 

14  Olefiantgas. 

22  Carbonic  anhydride 

32  Sulphurous  anhydride  . 

36'4  Chlorine      .... 

From  this  it  appears  tlut  ^^  escape  tho  more  i^uickly  the  lighter  they  are ;  and 
their  expansive  power,  or  diffusU/Uity,  varies  nearly  in  the  inverse  ratio  of  the  si^inn 
roots  of  tlicir  specific  gravities.  Thus  47  meafiurea  of  hydw^n  escaped  in  twvi  honn 
and  the  same  volume  of  carbonic  anhydride  in  10.  Now  this  proportion  of  1  :  £  ii 
nearly  that  of  the  square  root  of  1  (spec  gmv.  of  hydrogen)  to  tho  eq^oare  root  of  B 
(spec.  grav.  of  carbonic  anhydride). 

If  the  cylinder  contains  a  mixture  of  two  gases,  the  more  diffusible  of  tJie  two  wiD 
escape  in  greater  proportion  into  the  air,  ana  the  less  diffuirible  in  smaller  piofwitioi^ 
than  if  eaoh  gas  were  contained  in  the  cylinder  alone.  Thus,  of  50  measures  of  hrditH 
g*>n  and  oO  of  olefiant  pas,  there  eecape  in  10  hours  477  measures  of  the  fortner  aad 
12*6  of  tlie  latter:  simiWly  47  mea«nre«  of  liydrogen  and  20  of  carbonic  anhydndt; 
though  in  these  cases  the  opeoiug  of  the  bent  tabe  is  directed  downwards :  fitrthir, 
in  4  hours  theru  escape  26  8  vols,  of  marsh-gaR  and  12'5  of  carbonic  anhydride:  ake 
22*8  of  nmrsb-gas  and  18-6  of  olcflaiit  gus.  If  two  bottles  be  connected  tt^ther 
by  a  tul>«  placed  in  a  vertical  position,  the  lower  bottle  being  seven  timea  as  laigF  u 
the  upper  and  filled  with  carbonic  anhydride,  while  the  upper  one  is  filled  with  a 
tnixtore  of  hydrogen  and  olefiant  gas  in  equal  Toliimes,  tho  upper  vesael  will,  after  1» 
hours  be  found  to  contain,  besides  carbonic  anhydride,  a  quantity  of  oleflant  gas  wf  ^ 
volume  is  4  times  as  great  as  that  of  the  hydrogfu  still  remaining;  the  latrer 
therefore,  in  spite  of  its  greater  levity,  diffiised  it«eLf  through  tlio  lower  veeeel 
greater  rapidity.     (Grahum,  Qu.  Jour,  of  Sc.  vi.  74.) 

In  the  same  manner  alf-o  vapours  difiuse  themselves  through  one  another 
through  the  more  permanenllv  plastic  fluids. 

Wlien  (iifffrt-nt  elastic  fluiils  have  once  diffused  themnolves  uniformly  throogb 
another,  they  never  separate  again  according  to  their  different  specifle  graritioK  Ibr 
however  long  a  time  the  mixture  may  be  left  at  rest. 

So  great  indeed  is  the  tendency?  of  gnses  to  difiuse  through  one  another,  that  this 
mixture  or  interdiffuKion  likewise  tucet  place  when  the  gases  commnnicsbe  with 
each  other  through  minute  pores  or  apertures  of  insensible  magnitude.  Priestley 
{Ejrp.  and  Obe.  an  differfnt  kinds  of  air,  iii.  29),  in  transmitting  gases  through  stCB^ 
wiire  tubes  smrounded  by  burning  fiiel,  observed  that  the  tubM  were  porous 
thut  the  gas  escaped  outwards  into  the  fire,  while  at  the  same  time  the  gascf 
the  tiro  penetrated  into  the  tube,  even  though  the  giw  within  the  tube 
in  a  compressed  state.  DoVx'reiner  in  1825  made  the  remarkable  ob-i  - 
hydrogen  kept  in  a  cracked  gkss  receiver  standing  over  water  escap 
fhrfiugli  the  crack  into  the  sarrounding  air,  the  water  under  the  rreeivrr  liMii-  n 
height  of  about  2j|  inches  above  the  outer  leveL     The  renuiining  hydn>gfiD  com 
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7  p«r  eent  of  oitmgen,  bnt  no  oxygen.  If  the  reoeiru  be  flU«d  with  oxygen  and 
nitrogen  Lostead  of  hydrogen,  nothing  will  escape  from  it.  In  the  «amo  tnnnner 
hydroigen  escapes  out  ofbottica  cloeed  eren  with  trell-groand  stoppers,  if  the  atoppera 
are  not  greafldo.     (Dobfrciner.) 

Graham  {Elements  of  Chrmiatry,  2nd  ed.  i,  87),  in  repeating  Dobereiner'a  experi- 
ment and  vaiying  the  circum9Unc«s,  observed  that  hydrogen  nerer  eacapea  outwalk 
by  the  fi«tnir<%  wilhonC  a  certain  portion  of  air  penetrating  inwarda;  in  &ct,  thatwhaa 
hydrogen  gas  communicates  wilh  air  through  such  a  chink,  the  air  and  hydrogea 
exhibit  a  powerful  diuposition  to  chinge  place*,  a  particle  of  air  however  eichanijing 
with  a  particle  of  hytfrogen,  not  of  the  same,  bnt  of  3-83  times  it«  own  mAgiutude. 
And  by  extending  the  obecrvation  to  different  guaee,  with  an  instrument  admitting  of 
exact  meaanrement  of  the  rate  at  which  the  interchange  took  place,  it  was  found  that 
the  difiuaion  of  gasea  through  poroua  aepta  ia  regulated  by  the  same  law  aa  when  Uiey 
eommniucatA  fireely  with  one  another,  namely,  that  the  rdaJhm  diffusibilttie*  are  tn- 
«rrae/y  aa  the  square  rooU  of  the  deruitiee. 

The  inatmraent  with  which  these  obaerr&tiona  are  made  is  called  a  diffueton- 
tube  or  diffnaiomater.  It  conaiata  of  a  glaaa  tube,  nearly  an  inch  in  diameter,  from 
six  to  foartccQ  inches  long,  open  at  one  end,  and  baring  the  other  end  dosed  by  a  thin 
diaphragm  of  Bomo  poroiu  substance.  The  material  originally  naed  waa  gj^psum, 
which  was  applied  by  throatinK  into  the  tube  a  cylinder  of  wood  of  somewhat  smaller 
diameter,  so  as  to  occnpy  the  wnole  of  it  with  the  exception  of  about  a  fifth  of  an  inch, 
which  8|>aed  was  then  filled  with  gjrpsam-paate,  of  the  consiBtence  commonly  naed  for 
lAking  casts.  The  plaster  sets  in  n  few  minutes,  and,  on  withdrawing  the  wooden 
cylinder,  forms  a  receiver  closed  by  an  immovable  plate  of  stucco,  which,  though  air-tight 
in  the  wet  sliite,  is  permeable  to  gaaea  when  dri»l  by  exposure  to  the  air  for  a  day. 

TThen  auch  a  difTusion-tnbei,  ten  inches  long,  is  filled  with  hydrogen  over  mercoiy, 
the  interchange  of  air  for  hydrogen  takes  place  thrG»ugh  the  minute  porea  of  the  stucco 
with  such  rapidity,  that  in  three  minutes  the  mercury  inside  the  tube  attains  a  height 
of  three  inches  above  that  in  the  trough,  and  in  twenty  minntca  tlie  whole  of  iha 
hydrogen  has  escaped.  In  making  snch  an  experiment  over  water,  it  ia  neceasaxj  to 
avoid  wetting  the  stucco.  With  this  view,  the  shorter  leg  of  an  inverted  siphon  ia 
introduced  into  the  diffnsion-tube  to  within  an  inch  of  the  atuCco,  and  the  tube  is  then 
sunk  in  the  wHter-trough,  so  that  the  air  escapes  by  the  siphon,  with  the  exception  of 
a  small  quAiitity,  which  is  noted.  The  diffusion-tube  is  then  filled  up,  either  entirely 
or  to  a  certain  extent,  with  the  gn«to  be  diffused.  (Graham.  Phil.  Mag.  1834,  vol.  ii.) 
In  experiments  made  for  thn  purpose  of  determining  the  exact  proportion  between 
the  gas  diffiised  and  the  air  which  replncrs  it,  it  is  necessary  to  guard  against  any 
inequnlity  of  prrssure,  by  placing  the  diflnsion-tnbe  in  ajar  of  water  or  mercury,  and 
filling  the  jar  with  ihi'  liauid  in  pro;>ortion  aa  it  rises  in  the  tube.  Bun  sen  {Gaao- 
metry,  p.  200)  haa  adapted  n  lever  arrangement  to  the  difibsion-tube,  by  which  the  ad- 
juatment  of  the  level  is  preatly  faoilitaleoC 

A  superior  material  for  the  porous  plate  is  now  fonnd  by  Graham  in  the  artificially 
conipresse<l  grtiphile  of  Mr.  Broekedon,  of  the  quality  used  for  making  writing  pencils. 
This  material  h  *nld  in  I^ondon  in  snuiU  cubic  masses  about  two  inches  square.  A  cube 
may  easily  be  etit  into  slices  of  a  millimetre  or  two  in  thickness  by  means  of  a  aaw  of 
steel  spring.  By  nibbing  the  surface  of  the  slice,  without  wetting  it,  upon  a  flat  sand- 
stone, the  thickness  may  be  further  rt-dnccd  to  about  one-half  of  a  millimetre.  A  cip- 
cnlar  disk  of  this  graphite,  which  is  like  a  wafer  in  thickness  but  pouessea  considerable 
tenacity,  ia  attached  by  rpsinous  cement  to  ono  end  of  the  glaaa  Cube,  above  descritied, 
so  aa  to  close  it  and  form  a  diffiiaiometor.  The  tube  is  filled  with  hydrogen  gas  over 
a  mercuritil  trough,  the  porosity  of  the  graphite  plate  being  counteracted  for  the  time 
by  covering  it  tightly  with  a  thin  sheet  of  gutta  percha.  On  afterwards  removing  the 
latter,  caseous  diflfnsion  immediately  takes  place  through  the  por^  of  the  graphite. 
Tht^  whole  hydrogen  leaves  the  tube  in  forty  minutes  or  nn  hour,  and  is  replaced  by 
a  much  smaller  proportion  of  atmospheric  air  (about  one-fourth),  the  mercury  rising  in 
the  tnbe,  if  ijlidWril,  so  aa  to  form  &  column  of  several  incht-s  in  height— a  fact  which 
illustrates  strikingly  the  btensity  of  the  force  with  winch  the  tnterpenetmtion  of  dijSerent 
nses  is  effected.  Native  or  mineral  graphite  ia  of  a  lamellar  structure^  and  appears  to 
nave  little  or  no  porosity:  it  cannot  be  substituted  for  the  artificial  graphite  as  a  dif- 
fusion septum.  Uuglaaed  earthenware  comes  next  in  value  to  graphite  fur  this  purpose. 
Dry  und  sound  cork  also  forms  a  very  good  material,  bnt  permits  the  difFusiou  to 
go  on  but  very  slowly,  not  being  sufilciently  porous :  so  do  thin  slips  of  many  granalar 
foliated  minerals,  anch  as  flexibte  dolomite ;  charcoal,  woods,  and  diy  bladder  may  also 
be  UHcd  for  the  same  purpose. 

The  following  tnble  exhibits  the  densities  of  several  gaace ;  the  square  root  of  the 
density,  or  the  caJcnlated  ratio  of  tho  times  required  for  tbedifiRision  of  equul  volomes, 
th«t  of  air  being  aijsnmed  =  1 ;  the  reciprocal  of  the  square  roo%  or  the  calenlated 
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GASES,  DIFFUSION  OF. 


diJAunTCQCM  of  th«  gas ;  and,  lastly,  the  ratM  of  diffusion,  aa  determined  by  ezperi* 
ment,  the  btirometrio  preflHore  and  the  temperature  being  eoppoeed  to  be  the  aaaia  fti 
all  the  gaaee. 

Diffusion  of  Gatft. 


DeniHy. 

Square  root 

1 

Velocity  of 

diffufioti, 

•it  zil. 

•/Dtriuitj. 

Hydrogen   . 
Karsh  gas  . 
Steam         .        . 
Carbom'c  oxide   . 
Nitrogen     .        . 
Ethylene    . 
Nitric  oxide 
Oxygen 

Snlphydric  acid  . 
.  Nitroua  oxide      . 
Carlwnic  anhydride 
Sulphtiroua      „ 

006026 

0-569 

0-6236 

0-9678 

0-9713 

0-978 

1-039 

11056 

11912 

1-627 

1-52901 

2247 

0-2632 

0-669 

0-7896 

0-9837 

0-9866 

0-9889 

10196 

10616 

1-0914 

1-2367 

1-2366 

1-4991 

8-7794 
1-8376 
1  -2664 
1-016O 
10147 
1-0112 
0  9S08 
0-9510 
0-9162 
0  8092 
0-8087 
0  6671 

3-83 
l-»44 

1-0149 
10143 
10191 

0-9487 

0-95 

0*83 

0-812 

0-98 

The  Agreement  between  liie  deserved  and  calculatwi  ratoa  of  diiiturion  exhibiteJ  ta 
thia  tftble  ia  Tery  close.  It  la  only,  however,  when  the  diaphragm  tliroogh  which  tits 
diffusioo  takes  place  is  very  thin,  not  exceeding  ^  of  an  inch  for  etucco,  tbattbi»ckMF>- 
BflM  of  agreement  is  observed.  Whaa  thicker  diaphnigms  are  used,  the  gaaee  hjra«  ta 
pass  through  a  number  of  long  capillary  tultes,  the  sides  of  which  offer  to  the  j 
of  a  gu  a  ro»istiineo  ann.lo(;ous  to  that  of  friction,  and  therefore  retard  its 
considerably.  In  fact,  the  passage  of  gases  through  capillary  tubes,  called  ^1 
tinn ,"  is  regulated  by  laws  totally  distinct  from  those  of  diffiigioa ;  the  foiiiMr«~ 
a  movement  of  maaacs,  the  latter  of  molecules.  (See  6a.sks,  TaANsnaA-nox  of,  p.  WO.) 

The  resistance  of  a  capilhiry  tube  to  a  gas  passing  through  it  is  proportional  to  tlx 
surface,  and  consequently  increast'S  as  the  tube  or  tabes  are  moltipUcd  in  nnmbcr  uA 
diminished  in  diameter,  with  the  area  of  discharge  preserred constant.  The  reaistaneelo 
the  passage  of  a  liquid  through  a  capillary  was  obeeired  by  Poi^enille  to  be  ncariy  u 
the  fourth  power  of  the  dinmoter  of  the  tube.  In  gases  the  resistance  also  rapidly  is- 
creases,  but  in  what  ratio  has  not  been  obwrred.  The  consequence,  however,  u  crrtaia 
that,  as  the  diameter  of  the  capillaries  maybe  diminished  beyond  any  aosignable  limits 
ao  the  flow  may  be  retarded  indefinitely,  and  caused  at  last  to  become  too  sntaU  to  hr 
sensible.  We  may  therefore  have  a  mass  of  capillaries  of  which  the  paaaMiee  fom  a 
large  aggregate,  but  which  are  indiridually  too  small  to  permit  a  sennbleftnr  of  ^ 
nnder  pmstture.  A  porous  solid  mass  may  possess  the  uime  redared  penetrability  I 
the  congeries  of  capillary  tubes.  Indeed  the  state  of  porosity  de«>crib«l  appears  lo|  _ 
more  or  less  closely  appToacbcd  by  all  loosely  aggregated  mineral  masses,  saeh  us  lin^- 

f (luster,  stucca  chalk,  baked  clay.  non-crystaUme  earthy  powders,  like  hydrste  of 
ime  or  magnesia,  compacted  by  pressure,  and  in  the  highest  degree  p«rfa]^  bjactifloil 
graphite, 

A.  plate  of  artificial  graphite,  although  it  appears  to  be  practically  nnpenetiafaia  I 
pae  in  the  mass,  is  roidily  penetiated  by  the  a^Tcncy  of  the  molecular  or  diflavl 
taovement  of  gasee.  This  appears  on  comparing  the  times  required  for  the  pnnAftel 
equal  volumes  of  different  paBea  imder  a  constant  pressure.  Of  the  following  thiee 
gHsee,  oxygen,  hydrogen,  and  carbonic  anhydride,  the  times  required  for  the  paMsge  of 
an  eqnal  volnme  of  eacli  through  a  fupillar)-  gksa  tube,  in  Bimilar  cuviunatanen  as  to 
I  rossure  and  temperature,  are  as  follows : 

TfaBM  aren<1l«7 
imupfnttoa. 

Oxygon       . 1 

Carbonic  anhydride ,         ,     0-72 

Hydrogen 0*44 

Bnt  through  a  plate  of  p*iiphite,  of  half  a  millimetre  in  thickneaa.  tlie  same 
were  obiierved  to  pass,  under  a  constant  pressure  of  a  column  of  meieary  of  100  lailli- 
BfiCrea  in  height,  in  times  which  are  as  follows  -. — 

Time  or  fnol«>cular  Square  roof  of  Atmttf 

Oxygen 1  ....     I 

Hytlrogen 0-2472    ....     0-2602 

Carbonic  anhydride       .        .        .     1*1886    ....     ri760 
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It  appears  then  that  the  times  of  paawige  thruogh  the  grapbito  pbit«  ha^e  no  relation 
to  the  capillary  trannpinitioa  tiinoii  of  the  aame  gaaea.  The  timea  in  qucstioo,  hawercr, 
■bow  a  cl0M>  i^latioa  to  th&  square  roota  of  the  denaitiea  of  the  rMpectiTP  g^^^  •>*  i* 
•een  in  the  last  Table ;  and  «o  far  they  agree  with  the  theoretical  tinif$  o/  diffusion 
unally  aaeribed  to  the  same  gaaea. 

The  expcrimeota  were  varied  by  caosing  the  gasee  to  pass  into  a  Torricellian  Tacuam, 
and  Gonseqiiently  under  the  foil  pressure  of  the  atmosphere.     The  times  of  {>euetratioa 

of  eqiial  Tolumes  of  gaaes  were  now —  

TliBet.  Vt>«nfiij. 

Oxygen 1  ....     1 

Air {«50l     ....     0'«5fl7 

Carbonic  anhydride       .        .        .     1-18S0    ....     11760 
Hydrogen      .  ...     02506     ....     0-2602 

Thie  penetration  of  the  graphite  plate  by  gases  appea»  to  be  entirely  due  to  their 
own  proper  molecular  motion,  quite  unaided  by  tran.Hpiration.  It  8«f  ma  to  offer  the 
simplest  posafble  exhibition  of  tlie  molecular  or  difftinive  movement  Tliia  pure  r»'»ttlt 
u  to  be  ascribed  to  the  wonderfully  fine  porosity  of  the  graphite.  The  interstitial  HpaCrn, 
or  cbanneLt,  appear  to  be  sufficieatly  asaail  to  estingnish  tmospiration,  or  the  pauage 
of  masses,  entirely.  The  graphite  Hcomea  a  molecular  siere,  allowing  molecolea  only 
to  posa  through. 

With  &  pliite  of  stucco,  the  penetration  of  gaaea  under  preesure  is  rery  rapid,  and 
the  voluroi^  of  air  and  hydrogen  passing  in  equal  timea  are  as  I  to  2891,  which  is 
a  number  for  hydrogen  intermediate  between  its  transpiration  volnmc  2  1)4  and  diffu- 
sion volume  3'S ;  showing  that  the  passage  through  staeoo  is  a  mixed  result.* 

With  a  plate  of  bist-nit-wiire,  2*2  mm.  in  thiekness,  the  volume  of  hydrogen  rose  to 
J'754  (air  ~  1),  approaching  closely  to  3'8,  the  molecular  ratio. 

The  rate  of  passage  of  a  gas  through  gruphite  appeared  also  to  be  cloeely  propor- 
tional to  the  pressure. 

Further,  hydrogen  was  found  to  ponetmte  through  a  graphite  plate  into  a  vacuum 
with  sensibly  the  same  absolute  veltx-ity  a-s  it  difluflcd  into  Rir,  t-stabliohing  tJie  im- 
portant fact  thut  the  impelling  force  ia  the  same  in  both  movumeals.  (Orabam, 
Phil.  Trans.  1863.) 

The  passage  of  a  gas  through  a  graphite  plate  into  a  vacuum  i»  due  entirely  to  ita 
intestine  moleculiir  or  diffiisive  naovcmetit,  and  is  to  be  distinguished  from  the  paiTOgo 
of  cos  through  a  minute  opening,  such  as  a  puncture  made  by  a  fine  needle  in  platinum 
foil     (See  Oasbs,  Effusion  of.) 

Sfparation  of  Gat  fa  by  Dilution.  Atmolyaia. — A  partial  separation  of 
mixed  gases  and  vapours  of  unequal  diffiisibility  can  be  effected  by  allowing  the  mix- 
ture to  pt-rmeate  throujjjh  a  graphite  plate  into  a  vai'uura,  as  was  to  be  expfcttnl  from 
the  preceding  views.  The  amount  of  the  separation  is  in  prop(.>rtion  to  the  presfure, 
and  uttains  its  maximum  whcu  the  gases  piibs  into  a  nearly  perfect  vac-uum.  When 
a  {xirtioQ  of  air  contined  iu  a  jar  is  aliowod  to  peaetnite  into  a  vacuum  through 
graphite  or  unghwed  earthenware,  the  nitrogen  should  pass  more  rapidly  than  the 
cxygeti  in  the  proportion  of  10668  to  1  ;  and  thw  proportion  of  oxy^n  he  projior- 
tioniilly  increased  in  the  air  loft  behind  in  the  jar.  The  increase  in  the  oxygen 
actually  obsemd  when  the  air  in  the  jar  was  reduced  from  1  volume 
to  0-5  volume,  was  0*48  per  cent 
0*25  „  0-98         „ 

0125  „  1-54 

00625  „  2-02 

Or^  the  oxygen  increased  from  21  to  23-02  per  cent  in  the  laat  aizteanth  part  of  air 
left  behintf  in  the  jar. 

The  moat  remarkable  effects  of  separation  are  produred  by  meana  of  the  tube- 
atmotyg^.     This  is  simply  a  narrow  tube  of  unglaxea  earthen wn re,  such  as  a  tobacco- 
pipe  stem,  two  feet  in  length,  which  is  placed  within  a  shorter  tube  of  glaas  aad 
secured  in  its  {)ot<itioa  by  corka,  so  as  to  appear  like  a  Liebig's  condenser.      The  g' 
tube  i»  placed  in  communication  with  an  air-pump,  and  the  annular  space  between 
two  tubea  is  maintained  as  nearly  vacuous  as  poesible.     Air  or  any  other  mixed 
then  allowed  to  flow  in  a  stream  along  the  clay  tube,  and  collected  as  it  iamica. 
gas  so  atmolysed  is  of  course  reduced  in  volume,  much  gas  penetrating  through  the , 
of  the  day  tub©  into  the  air-pump  vacuum ;  and  the  more  slowly  the  gas  is  collect- 


bacco- 
as  aad     ' 


*  Tblr  maj  perhaps  expUtn  Ib^  multt  obuiprd  bj  Bua<«D  who  uted,  in  bUexperimeDU  oo  dilTVi. 
lion.  ■  ttucco  dlaphrag m  of  coii»ld<>Tahlr  thjckncti,  and  wai  ltd  to  conclud*  that  tiir  pnm  orrtp*iirn 
itct  upon  ntM,  not  a«  a  serlet  of  fine  openinni.  hni  m  a  c«rj«  of  capillary  tub**,  and  th»ir>ce  to  call  In 
quntian  the  truth  of  the  law  of  gnieriui  tUfTutinn  ihrouirh  poroiit  dUiihraKint  dnluci-d  fram  Craham'i 
npertmenti.    ( See  Omm»'»  Oammetrf,  p.  J03;  alao  Grmkim't  EttmtnU,  iDd ed  ii.  6M.) 
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the  gTMler  is  the  proportional  loea.    In  the  ga«  collected,  the  deattr  < 

tha  miztore  u  thtai  ceoeratnit^d  in  an  uithinetical  ratio,  whiU  tb«  roltraie  of  1 

SB  ia  redvuxd  in  a  geometrical  ratio.  In  one  experiment,  the  proportion  of  oxygen  in 
e  air,  after  tn-rening  the  atmolya^o-,  waa  increased  to  24  50  per  cent,  or  18  7  upon 
100  oncen  originally  praaent  in  the  air.  With  gaees  differing  so  moch  in  densitj 
and  difi&ibility  aa  oxypn  and  hydrogen,  the  eeparatton  is  of  coarse  much  mor*-  coa- 
Biderahle.  The  explosire  mixture  of  two  Tolumefl  of  hydrogen  and  one  Tolwae  of 
oxygen,  gave  oxygen  containing  only  9'3  per  cent,  of  hydrogen,  in  which  a  taper  boraed 
witbont  explosion ;  and  with  equal  Tolnmes  of  oxygen  and  hydrogen,  the  propottiaB  r^~ 
the  hitter  wa«  eaaily  reduced  from  60  to  6  per  cent.     (PhiL  Trans.  1 863.) 

The  atmolytic  method  may  sometimes  be  advantBgeously  applied  to 
whether  a  certain  gas  ia  a  mixture  or  a  simple  gaa ;  to  distinguish,  for  examnl*, 
marah-gw,  CH^  ftx>m  a  mixture  of  equ^  measures  of  hydrogen  and  hydride  of  rf  oyi 
H*  +  C*H*,  each  of  which  wojild  gtTe,  when  detonated  with  oxygen,  the  same  propor- 
tion of  carbonic  anhydride  and  water.  But  suppose  that,  after  the  proportions  of 
carbon  and  hydrogen  hare  been  thus  determined,  a  portion  of  the  mixture  is  sab- 
mitted  to  diffosion,  and  the  residue  again  analysed ;  the  proportions  of  eazboa  and 
hydro^n  will  then  remain  Bualtered,  if  the  gas  oonsista  of  marsh-gas,  whereaa  if  it 
ia  a  mixture,  the  proportion  of  hydrogen  will  1m  found  less  than  before  the  difibsiao. 

The  method  of  difl\iBion  has  also  Wen  applied  to  determine  whether  certain  com- 
pounds, which,  like  hydrochlorate  of  ammonia,  yield  anomalous  vapour-den«iti« 
(p.  811),  are  resolrcd  at  high  temperatores  into  their  componenta,  thus  yielding 
Tapours  which  are  no  longer  chemical  compounds,  but  mixtures.  This  mode  of  r^ 
tacking  the  question  was  first  proposed  by  Play  fair  andWanklyn  (Edinb.  f 
Trans.  toL  xxii.  Part  3 ;  Chem.  Soc.  J.  xr.  142),  and  has  been  carried  out  aa  ft' 
by  Pebal  (Ann.  Ch.  Phann.  cxxir.  199).  A  plug  of  asbestos,  e,  aupportiag 
fragments  of  sal-ammoniac,  d,  is  placed  within  a  vertical  tube,  c  (fy.  616),  drnwtt  ( 
capillary  end,  and  supported  within  a  wider  tube  d,  closed  at  the  top,  the  whole  bfia 
surrounded  by  a  charcoal  furnace.  Both  tnbra  project  below  the  furnace,  and  u 
cloaed  at  the  bottom  with  corks,  through  each  of  which  pass  two  bent  tubes,  tlie  nos 
for  admitting  a  stream  of  hydrogen,  the  other  for  carrying  it  off  The  heat  of  tlj# 
burning  charcoal  volatilises  the  hydrochlorato  of  ammonia  in  tht*  inner  tube  ah 
the  asbestos  plug;  so  that,  if  the  salt  is  Actually  revoked  into  hydroohlorie  addl 
ammonia,  the  ktter,  being  the  more  difl[ui»ible  of  the  two,  will  diifuse  dowBWK 
tbioagh  the  plug  into  the  bydrogen  in  the  rnner  tube  c,  and  may  be  demoiutntBd 


r^ 


Fig.  516, 


Fig.  517. 


by  causing  the  issuing  gas  to  come  in  contact  with  a  piece  of  reddened  litmus  papit, 
a,  while  the  less  difiastble  hydrochloric  add  will  remain  mixed  with  the  hydrogen  m 
the  space  d  between  the  two  tubes  ;  and  its  presence  may  bo  demonstrated  by  placuf 
s  piece  of  blue  litmus  paper,  b,  in  contact  with  the  gas  which  issues  from  that  «•«. 
Such  indeed,  is  found  to  be  the  case;  hence  Pebal  eoacliides  that  the  sal-a 
baa  been  actoally  roBolved  by  the  heat  into  hydrochloric  acid  and  ammonia. 

^  Kcflers.  Wanklyn  and  Robinson  (Proo.  Roy.  Soc  xiL  307)  object  to  this  ( 

noDt  that  the  decompositiet  uf  the  sal-ammoniac  in  Pebul's  apparatua  is  ptobtblv  effecttt 
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l»y  the  udion  of  the  fliirfy-divided  silicate  forming  t!ie  porouti  diuphnigTn,  iniumiurh  u 
the  acid  of  tlui  salt,  having  an  indefinite  capa^-ity  of  suturfttion,  may  tiike  up  the 
ammonia  and  wt  tba  liydrochloric  acid  fro*-.*  Thr^y  thcrt^fore  discard  the  iiw  of  a 
poroiM  diaphragm  altogetiier,  and  allow  the  vapoara  to  difllitfle  throuj^h  a  nitnple  np^r- 
tora,  aa  in  Graham's  original  exfM>rim<*ntR  (p.  811).  Th^  appantun  used  ron^iKti)  of 
two  glass  flaskj  (^fig.  517),  th«  uecks  of  which  do  not  fit  air-tight:  thr  nnrrow  tube 
proceeding  from  the  upp«r  one  ia  fu^ed  into  it.  The  lover  flunk  is  fur  tho  reception  of 
the  vapour  to  be  operated  on;  the  upper  flask  is  for  the  atmoapht^re  into  which  the 
rapour  is  to  be  difluscd.  The  atmosphere  of  dry  nir,  or  other  «uital«lp  gj».s  is  kept 
constantly  renewed  by  the  tnui.<rmi«»ion  of  a  alow  utn-am  of  gas,  whioh  entpre  the  npper 
flitak  by  the  narrow  tube,  and  passes  out  by  the  space  between  the  two  neckji.  The 
whole  apparatus  is  kept  at  a  tempemture  above  the  condensiug  point  of  thi*  Tapf*iir  by 
meaiw  of  an  uir-lath.  After  the  diffusion  has  gone  on  for  a  »uSci<'nt  Ifnj^t})  of  time, 
the  appamtus  in  left  to  coot,  and  the  contents  of  the  lower  flii,'*k  «rc  nnulywd,  by  which 
meau&  it  I*  seen  whether  diffusion  haa  effected  any  alteration  in  the  composition  of  the 
raponr. 

SuipAuric  acid  thus  treated  is  reaolved  into  water  and  sulphuric  anhydnde,  the 
Tiipuur  of  water  diffusing  more  readily  tiian  tliat,  of  the  anhydride,  and  conseqrienlly 
l*'aviiig  in  tho  lower  flask  a  residue  richer  in  pulphuric  anhydridti  than  thf  arid  l>ffiire 
diffusion.  In  one  expirimcnt,  an  acid  composed  of  O.i  pt«.  monohydrat^d  Nulphurit? 
acid  and  5  wati-r,  dilfuncd  for  nn  hour  at  620^  C,  h'ft  a  residue  comp^wed  of  60  pt*. 
S0*1P  and  40  SO\  In  another  experiment,  a  mixture  of  99  ptii.  SO'H"  »nd  water, 
li'ft.  after  diffuuion  for  a  shorter  time  at  445^  C,  a  residue  containing  76  i^O'H*  and 
2.1  SO'.  In  both  casea  the  residaee  fumed  strongly  on  etpoaure  to  tht^  air.  and  con- 
sisted partly  of  crystals  and  partly  of  liquid. — Prntachion'd^  of  Photpktf-iu  diffamd 
into  carbonic  anhydride  for  thn^e  quarterH  of  an  hour  at  300°  C,  was  r»\<<ilv«»d  into  free 
ddorine,  whi<'h  wuh  found  in  the  diAustHl  gases  by  the  reactinn  with  iodide  of  potassium 
and  starch,  and  trichloride  of  phosphorus,  whidi  remained  in  thtt  flaxk,  and  when 
trented  with  wnltT  yielded  phosphoroUit  acid,  which  reduced  corrosive  sublimate  to 
MloraeL 

These  experiments,  aft  well  ea  tlmt  of  Pebal,  cannot  be  looked  upon  as  quite  de- 
cisive  of  the  qnr»«tion  which  tliey  were  int*"ndcd  to  solve:  for  it  i."«  |ios»5ble  thst  the 
decompo^itiori»  obnt^rved  may  buvfi  Veen  determined,  at  lca*it  in  f>arf,  by  the  tendency 
of  the  more  diffttsive  \Tipoar  to  expand  into  the  atmosphere  of  hydrocen  or  carbonie 
anhydride-  At  uU  eventa,  the  experiments  of  Dwrille  and  Troowt  already  cited  fp.  :811)f 
show  conclosively  tliat,  at  least  in  the  ea»e  of  ammonia-salta,  tlie  supposed  decomposi- 
tion is  not  brought  aboot  by  the  action  of  hcut  alone. 

Theory  of  Diffusion.— 1\is  diffimon  of  gases  through  one  another  was  regarded 
by  Diilton  as  a  necessary  consequence  of  the  self-repulsive  property  of  the  particles  of 
gaseuuis  bodies.  He  considered  that  eucb  gns  expands  into  tlie  spaci>  occupied  by  the 
other  just  as  it  would  into  a  vHcunm ;  and,  in  fact,  experiment  whows  tliut  the  velociti*'-'! 
with  which  gases  diffiisc  into  each  other  are  to  one  another  in  the  »ame  ratio  as  tho 
veKicities  with  which  they  rush  into  a  vacuum  through  an  apcrfur*?  iu  a  thin  plate 
(p.  818).  The  ultimata  reeuU  is  certainly  in  accordance  witJi  TJnJtou's  view;  stUl  we 
cannot  suppose,  as  he  did,  that  gBse«  act  m  absolute  vacua  to  each  uthrr;  for  the  actual 
rate  of  diMution  of  any  gas  is  many  thousand  times  slower  than  the  efftision  of  the  same 
gas  into  a  vacuum. 

But  though  Dalton's  hypothesis  cannot  be  admitted,  we  must  still  re^jard  the  diffa- 
sioD  of  gaacs  aa  a  ooiweqaence  of  that  intestine  movement  of  niolcrulis  which  is  row 
geoemlly  recognised  as  an  essential  property  of  tlie  gji-seous  condiiinn  of  mutter. 
According  to  this  view,  a  gas  is  represented  us  consirting  of  solid  nnd  perfectly 
elastic  Bpht-ricjil  particles  or  atoms,  which  move  in  all  directions,  and  ore  animnted 
with  different  degrees  of  velocity  in  different  giues.  Confined  in  a  vessel,  the  moving 
parttole^  Mft-  constantly  impinging  against  ita  sides  and  oocaaionully  against  each  other, 
and  such  collisions  take  place  without  any  loss  of  motion,  owing  to  the  perfect,  ela^ 
ticity  of  the  particles.  Now  if  the  containinR  a-pr^cI  be  porous,  like  a  diffiisiomfter. 
then  gas  is  r>roject«d  through  the  open  chatiDels,  by  the  atomic  motion  dcwribed,  nnd 
escapes.  Sirault<ineouH]y  the  eitenial  air  or  gas,  wluitever  it  may  be,  i»  carried  in- 
wards in  the  same  manner,  tind  takes  the  place  of  the  gas  which  leaves  I  hi;  vess«L  To 
the  same  atomic  or  molecular  movpment  is  due  tin-  cLiMtic  force,  with  the  power  to 
resist  compression,  posses-ned  by  gases.  The  molecular  movement  is  aecelenite<i  by 
he«t  and  rctanie*!  by  cold,  the  teiiitiou  of  the  gas  being  increased  in  the  first  iimtauctj 
and  diminiishe*!  in  fhp  spcond.  Even  when  the  same  gas  is  present  both  within  and 
without  the  vessel,  and  is  therefore  in  contact  with  both  sides  of  the  p>rou«  plate,  the 

•  In  that  raii>,  howpTrr,  thi>  l)}rdrftrhlr>rlc  atjrl  (at  iniglit  hm  rxpprtMj  tn  dltTKr  into  the  hiJroffi-n 
onire  rcaddy  tlntn  ilu-  uminonU,  wb>ch.  tlioi]j;h  not  \b<n1iitelji  rrtaiilcd  t»j  tb<>  idkic  acW  at  tb«  klfti 
Irinperaltirr  of  the  anparitui,  would  probably  be  Trwrded  by  H. 
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movfrnenl  is  KiiF<taine<l  irithout  aWtrtncnt,  Tnol«njU»  continuing  to  entir  and  lezrt  fn 
equal  numVr,  iiltlioijgh  nothin)]!  of  the  kind  is  indicut^  by  chanpp  of  rolame  or  othw^ 
wi«<».  If  thp  pass's  in  eommuniealion  he  diffewnt,  but  poMios*  sensibly  the  same  tftetie 
prarity  and  trmle^ular  vi-lncity,  as  nitrogen  and  rarbonic  oxido  do,  an  interchange  of 
Tnoleeules  alko  takeJ  plare  irithont  any  change  in  volume.  With  gaae*  oppoaed  of 
unequal  density  and  molecninr  velocity,  the  amount  of  penetinHoo  etaatm  of  cflow  to 
bo  eqnal  in  both  dirpctiona.  (See  Orakam's  EUrnmU,  2nd.  ed.  a.  449  ;  alao  kb«  aitiik 
Hrat  in  t.hi«  dictionar)-.) 

OASS8,  SS*l*9BZOV  OT,  This  term  ia  used  to  de-note  the  paasage  of  a  ^ 
into  a  vacaum  thinngli  h  raiintitp  afwrtnrc  in  a  thin  plate  of  metftl  or  other  «ah«ta*«. 
Now  it  can  be  jtlirtwii,  on  mechanical  principles,  that  the  rplocity  with  which  a  p» 
rnshcH  intoa  vucuiun  tlirongh  snch  an  apertnre.  ia  the  aame  as  that  which  a  heKvybody 
would  ncquipp  in  fiilling  fmm  the  height  of  an  atmoephere  composed  of  the  gaa  la 
question,  nnd  nf  uniform  density  throughout.  The  height  of  fmch  an  atmoaphez*  wiO 
be  inverB^-ly  as  the  specific  gravity  of  the  ga^,  the  atmosphere  of  hydrogen,  for  example, 
being  sixteen  tiinea  higher  than  that  of  oxygen.  Bat  ae  the  velocity  w?qmi«d  liya 
fjiUing  lK>dy  varieti,  not  directly  aa  the  height,  but  as  the  Hjoare  root  of  the  height,  A 
foUowB  that  I  he  rate  of  flow  of  different  giiaes  into  a  vainium  must  be  invenely  as  Iha 
aquare  root  of  their  respective  dfnsities.  Thi»  lnw  has  been  experimentiJly  vcrilM  b^ 
Graham  (Phil  Tnina.  1846.  p.  6'^).  A  jar  on  the  plute  of  an  air-pamp  waal— ' 
VHCUOUB  by  continued  exhaoBtion,  und  a  metusurcd  qaimtity  of  air,  or  any  gas,  all 
to  find  its  way  into  the  j«P  through  a  minute  aperture  in  a  thin  metallic  pla.tr.  i 
platinum  foil,  made  by  a  fine  aleel  point,  and  not  more  than  ^  of  an  inch  in  <£< 
With  an  imperfect  exhaustion,  the  velocity  with  which  the  gas  flows  into  the  j 
creases  rapidly  till  the  degree  of  exhaustion  amount*  to  one  third  of  an  j 
Higher  degrees  of  exhaustion  do  not  produce  a  correap(jnding  increase  of  veIodty,i| 
the  differrnee  of  an  inch  in  the  column  of  the  barometer-gauge  scarcely  aflecta  tbe^ 
at  which  the  gas  enters  when  the  v*cuum  ia  nearly  complete,  and  the  prestntre  to  wHrli 
the  gas  is  subject  approachee  that  of  a  whole  atmosphere.  Through  a  perforated  pUu 
BUrh  as  that  described,  60  cubic  inches  of  dry  air  entered  the  vbcuou*  or  n««H) 
TucuouM  remrer  in  a^mut  1,000  seconds;  and  in  successive  experinaents,  the  timt  oi 
piiHuage  did  not  vary  more  than  one  or  two  seconds. 

The  velocities  of  efiuaion  of  different  gaciefl  are  given  in  the  following  table: — 
r.u.  Veloclrv  vf  SAaioa. 

Air 1 

Hydrogen       .......         8'618 

Munth-gas 1-322 

Carbonic  oxide r0123 

NitttJgen »         .  l*Alfi4 

Ethylene 1*0128 

Oxygen 0-950 

Nitrous  oxide  .,..,,  0834 

Carbonic  anhydride  .  .  .  ,  .  0-S21 
For  p*»e«  which  do  not  differ  greatly  from  the  air  in  specific  gravity,  these  rates  »l^ 
respond  very  closely  with  the  inverse  ratios  of  the  square  roota  of'the  demdtjei^  and 
therefore  with  the  mtes  of  diflnnion  (see  Tiible,  p.  814).  Neverthelefls,  th«  phmosnen 
of  diflmioo  aud  effusion  are  es-uputiMlly  different  in  their  natare^  the  eilfasive  norevnit 
affecting  masses  of  a  g;is,  while  the  diffusive  movement  affects  only  molecnlea;  nd  a 
gaa  ia  usually  earned  by  the  former  kind  of  impulse  w*ith  a  velocity  many  thomod 
tiroea  greater  than  by  the  hitter. 

Mixed  gnses  ore  effii-sed  at  I  he  scime  rate  a«  one  gn.M  of  the  actual  densnty  of  tlw 
mixture ;  and  no  sepanition  of  the  gjise^  occurs,  as  in  diffusion  into  a  vacTram. 

OASES,  ZJqirEl>  ACTIO  XT  AVB  SOXIDinCATZOir  oi>.  See  Bjuj. 
GASES,  OSMOSZ!  OF.  This  term  ia  applied  to  the  piussage  r,f  gnses  thmnch 
membnuions  diaphragms  such  na  CHoatehouc.  bladder,  jrold-beater's  »kin,  &c,  Thentfe 
of  interchange  depends  in  this  oise,  partly  on  the  relative  rliffijsibilities  of  the  ^fr*, 
pMrtlj  on  the  porosity  of  the  membnme.  as  well  as  on  the  different  degree*  of  adliesioa 
which  it  exerts  upon  (he  different  gaws,  by  virtue  of  which  the  gas  which  adbrrw 
most  powerfully  penetrates  the  diaphragm  most  easily,  and  attaining  the  opjx^site  fvr- 
faces,  mixes  with  the  other.  If  the  membrane  Ls  moist,  the  result  is  lilcewiso  (»fft>rt»J 
by  the  different  degrees  of  BohibUity  of  the  gases  in  the  water  or  other  b'quid  cob- 
tained  in  it. 

Caoutchouc. — A  sheet  of  caontchone  tied  over  the  opening  of  a  wide-mouthed  hottl* 
full  of  hydrogen  gas,  is  soon  pressed  imviirds  even  to  hurstinfr.  If  the  bottle  be  tllfi 
with  air  and  phiccd  in  un  atmosphere  of  hydrogen,  the  swelling  anil  bursting  ukr 
place  oulH-ardt,     A  well  closed  boltlc  uf  caoutchouc  perfectly  empty  docs  not  distcpJ 
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vheo  placed  in  hydrogien  grw:  bat  if  it  contains  a  mnAll  quantity  of  air,  dtflftcnainii  tAVm 
plucv.  Almost  mII  gusi-R  i-XL>cptiug  nitrogen  i'xLiibil  tLu  suriie  relutionii  tuwanls  comrunii 
air  HI  hydrogen  does,  but  in  diSerent  dpgroes ;  they  alJ  pt^netrste  caouti'houc  with 
Taiioiu  velocities  in  order  to  mix  "witli  ;tir,  lu  order  to  mutsare  thcsa  various 
Telocities,  a  eboet  of  CA(>utchouc  is  tied  over  tiie  iihortor  funocl^ahapcd  una  of  a  tiiphon- 
tube ;  mercury  is  poured  into  thp  other  arm,  which  ia  made  T«rry  long,  bo  that  a  fiortion 
of  air  may  remain  between  the  mnrfury  and  the  caoutchouc  ;  and  the  Mhortur  arm  is 
introduetMl  under  a  receiver  standing  over  the  mercurial  trough  and  hlled  with  the  gait 
to  be  nxhmined.  The  em  peoetratea  Llje  caoutchouc,  mixes  vith  the  air,  and  increaaes 
il«  volume:  coujequenUy  the  mercury  in  the  longer  arm  is  driven  upwards,  somt^tiniea 
to  the  height  of  fiJ  iniL!bi-a,  and  might  bt<  driven  higher  if  the  caoutchouc  could  9ust«in 
a  greater  prtts^jfurt'  without  bursting.  By  experimenting  in  thiH  manner  on  ditlerent 
^M!ie'>,  it  if!  found  tliat  thu  name  voinm*;  of  ammoniacaJ  etm  ubiuinn  ucoeas  to  tlie  air  in 
i  ruiuule,  us  of  nulfiliydrio  acid  in  2|',  of  cyauogi-n  in  3|',  of  rarljonic  anhydride  in  6J', 
of  protoxide  of  uilrugi-n  in  G^',  of  iutMU«lted  hydroguu  in  274 ,  of  olefiant  gas  In  28', 
of  liyilrogcu  in  37 1',  of  oxygwu  in  1  lir.  53',  and  of  carbonic  oxide  in  2  fare.  40', 
Caoutchouc  appears  (mm  tliis  to  absorb  ga»cs  wilii  diffi  r«'tit  dcgrvts  of  facility;  of 
cartiouic  anhydride  it  abtfurba  ita  oini  volume  and  awelk  up  in  consequence.  (M !  t  c  he  1 1, 
J.  Roy.  lust  2,  101.) 

Jiitiua/  Mtmtiraftea. — A  moist  bladdtr  or  moistened  gold-beater's  Am  acta  like  &  aheet 
of  caoutchouc  (M  i  tchu  11).  A  muiht  blsuldtr,  two-thirda  filled  with  coal-gas  or  air.  swells 
when  susj^itudiMl  in  tarlionie  anhydride,  and  dually  bursts.  In  this  experiment  aa  much 
■a  40  p4'r  e<<uU  of  ctu-buniu  unhjdridu  sometimes  nuxea  with  the  coul-gaa,  while  only  a 
very  smull  quantity  of  die  hitter  escapes  into  tlio  atmosphere  of  carbonic  anhydride. 
Ueiico  tlie  WiittT  of  the  mointcned  bluddir  at^orbti  carbonic  uuhydride  and  gives  it  up 
agnin  on  the  inner  side  (ti  rah  it  m,  Qu.  J.  of  JSc,  vi.  K8).  A  pertW-tly  dry  bUulder  con- 
taining air  docji  not  dit-tH^nd  in  carbonic  uuhydride :  a  bladder  uiuderalily  wt-tt«Hl  »Axp.-inds 
to  a  great4;r  extent  than  not-  which  ia  tlioroughly  aooked ;  for  the  thinner  tht.-  film  of 
wwter  which  abwrlw  llie  gas,  the  B'.Kiiur  will  the gaa  reach  the  opposite  »urfuce.  If  Uw 
bladder  containing?  air  he  moistened  with  alcohol  (which  abaorba  curljonic  anhydride 
more  readily  than  wat»rdoes)Jt  will  expand  in  an  atmosphere  of  carbonic  anhydride  as 
quickly  aa  if  it  were  nmiHU'Rcd  by  water — but  not  more  so:  the  alcohol  likewi.-*© 
CMU.-M«  it  to  shrivel  and  stfon  destroys  its  power  of  t  run  an  ■  it  ting  guaes.  Hubbing  the 
I'laddfr  with  oil  of  aui»ti  or  olive  oil  (neither  of  which  ubwiHw  carbonic  anhydride) 
I  ivvi-nt»  tliM  expiuitilon.  A  wet  bluildi-r  containing  air  ex|iiiind»  more  quickly  Lu 
■ulphydric  acid  than  in  carbonic  unhyiLidL- :  aAer  beinj^  diytiMidiHl  aa  fur  ua  pi>ft- 
aible  in  the  taat-meotioned  gas,  it  will  expund  i>till  fuithor  if  placed  in  uu  atino- 
iiph«re  of  .xulphydric  acid;  whereas  if  exiHjstt-d  to  the  air  it  wdl  n^ain  iln  original 
eixe.  A  bladder  containing  air  also  expancla  when  im^ller^ed  in  wnt*r  holding  carlMinic 
anhydride  in  aolution,  but  not  so  quickly  a^  iu  an  atmosphere  of  the  ^ix^.  A  UmIis 
air-bladder  cxpiinda  ninlt-r  the  above-mi'Uiioued  circmmstancea  more  quickly  than  a 
urinary  bladder;  on  llic  contniry,  this  |>rn|iir1y  is  not  <\xliil..ittni  by  the  lining 
tncmbrane  of  a  fowl's  i-^'g  or  by  currit-d  Bhit-f-Nkin:  the  bitter  jidow.n  uir  und  carbonic 
uabydride  to  \\&»s  tlinmgh  it  with  e^^ual  facitity  (  Hiuimgart  ner,  Zeit*chiift  J'h.  Math. 
*,  9).  These  eiptriimnt*!  bIiow  lliat  ga.st.'8  caiiiiwt  be  premrved  in  bluddera  without 
idleration.  If  a  piece  of  bladder  be  tied  over  the  up|>er  and  M'idened  end  of  a  glaiss 
tube,  'jhe  lubp  then  tilled  with  wafiT.  and  its  lower  end  plmi^red  under  mercHry,  the 
miirtuiy  will  rino  withiu  it  to  Itic  height  of  3  incheM,  in  coua».>quence  of  the  water 
pvnetrutiii^  the  bladder  tiiid  viH';ipiiig  into  the  air:  but  as  soun  as  thiet  hright  is 
iittuiiK-d.  tlie  fM>rf«  of  the  bladder  allow  air  to  pass  through  tlu-ni  and  the  further  riw 
of  the  mercury  ih  prevt-uted  (MagnuK,  Togg.  Ann.  X.  157;,  Act-urding  to  l'i«ehi-r 
I'opg.  Ann.  xi.  13il)  who  perhaps  made  use  of  a  stnuigcr  bhidder,  the  nn-n-ury  tnay 
attain  the  IfiKht  of  12  inches  or  even  more;  it  ulliitiulely  rtHches  to  the  bia>Ul«'r 
it.-elf.  the  wbole  of  the  water  evaporating  and  leaving  notliiug  but  u.  slimy  nsidue.  If 
a  tul>e,  sealed  at  top  and  tied  over  with  a  piece  of  bladdrr  tit  tlie  bottom,  l>c  filled  with 
water  and  exposed  to  the  lur,  the  bladder  will  be  pn-iued  iitwardb  11  consequence  of 
the  evaporation  of  the  water,  und  air  wiU  enter,  not  Imwever  in  bubhles,  but  dissolved 
by  the  water:  the  airthu*i  introduced  collets  at  the  upi»er  t-iid  of  the  lube  in  the 
gJiBcouH  form,  and  finally  all  the  water  evaporates  and  the  tube  becomes  filled  with 
air.  (Fischor.) 

O&JSSS,  KEX.JLTIOVS  Or,  TO  PKSSBITKB  AXn  TSMPSXATintS. 
The  vobime  of  a  ^ven  qimntlty  of  smy  giw  is  afl^cted  by  the  presouro  and  temeerature 
to  which  it  is  exposed,  according  to  two  general  htwa,  which  must  be  attended  to  ia 
any  coinptiripon  of  the  volumes  of  diftVrent  gases.  The  law  of  Boyle  and  Marriotta 
aflirnjf)  that  the  volume  of  a  gas  is  inversely  as  the  pressare  to  which  it  is  subjected ; 
this  prctsufe  bi'incr  u>iunlly  mensorod  in  inche«  or  millimetre*  of  mercury  (see  £l*»* 
Tjcmr,  p.  370).  TLc  law  uf  Dal  ton  and  Gav-Lussac  affirms  that  the  vol  ume  of  a  goi 
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is  iocreoMd  or  AecTeemfd  bj  ^  of  ito  balk  at  cera,  for  rreiy  eent^ndedegm  cf  taai. 
pcratara  than  or  belov  ien>  (or  x^f  (>f  ^  ^^^^  ^^  Fohre&hMt'a  meto  for  gmuj  ?•&• 
reaheit  def^ree}.  Then  two  laws  applj  eqoalJj  to  npamn,  wbeo  at  trnnpmnLum 
con.siiiemblT  above  thair  oondeoBing  points.  Hence  two  roLmoM  of  ffu  or  Tkpov,  u 
Tecy  Jiffei-e'nt  pressores  and  bempeoratorM,  may  be  eompaml  vtth  oo«  mooAtr,  pn>- 
Tid«d  die  proper  oonvctioixs  are  applied  twcording  to  the  foUoinag  fiyrmole: — t^.  Ai 
k  inches  or  millimetre*  nxc  to  k'  inch«9  or  millimetrea.  ao  ia  balk  at  k'  to  balk  ai  k 
2°.  As  273  ±  ^  ia  to  273  ^  ^  w>  is  btdk  at  t  d«greea  abora  or  b^low  laso  C,  to  bilk  tt 
^  degfMa. 

Or.  if  Fand  F*  be  the  rolomea  of  the  giM  at  th«  reapestire  piBwiUM  and  rtwpiia' 
tnzM,  than 

jr        F*     ^73   4   C  jr*      1    ■►  0-OOaflMr 

A'  ■  273    ♦   <      ■  V  '  1    +   (H)03<W3  <  * 

To   find   the  volume    Tg,   which  a  given   volame,    V,  of  a  gaa,  at   {ffvaMta  k  (m 


a  given 
inch(«>.  and  temperataro  f^  C.  will  occupy,  when  subjected  Co  a  preaeiire  nf  It  tadMi 
aud  a  temperature  of  0"  C,  we  have,  io  the  preceding  formuLa,  A'  »  SO  and  f  •  «, 
therefore, 

p   »  pr  *       , 1 

•  30  '  I    ■*•   O-00S66S  t' 

Rc^naolt  ban  shown  that  neithar  ot'  the  above  laws  is  absolutely  ncymratc.  eaprcnilj 
with  reference?  to  the  condeiuiable  gaa^is;  but  the  Tariation*  ar^,  for  th»  must  pert,  «- 
oeediogly  minate,  and*  except  in  epedal  experimenta,  may  be  &lti.ig<>tlier  diAvpodai 
(See  Hut.) 

OASSS,  SPECxrxc  GSAVXTT  or.    See  SpKino  OnaTZTT. 

SrSCirZC  BSAT  OF.     See  Ha&T. 
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OASES.  TWLAXBVSILA.TJOit  OT.    (Graham.  Phil.  Trans.  1846,p.  S9l,i^ 

1849.  p.  .'540  ;  KUnicnts  of  C/tfirit-^cn/,  2nd  ed.  i.  82.)— The  law  of  vfiliuioo  statedcB 
818,  ia  trao  only  und^r  the  conditiniiB  there  epecified,  mt.  that  the  gas  ahall 
a  minnta  aperture  in  »  very  thin  plate.  1/  the  plate  be  thicker,  to  that 
oomeft  a  tube,  very  different  rates  of  efflux  are  obeervrd ;  and  when  the 
considerably  elon^^ted,  ao  that  it«  length  exceeds  ita  diameter  at  least  4.000  tOMi.  tlM 
rati>s  of  flow  of  difforent  gases  aeain  assume  a  constant  ratio  to  eaoh  other ;  to" 
however,  a  law  totally  distinct  firom  that  of  effusion.  To  examine  this  kiodof 
called  "  Capillary  Transpinition,"  the  gas  was  placed  over  water  in  a  _ 
so  anspendod  that  the  liquid  in  the  jar  and  in  the  bath  could  be  easily  kspC  tf !_. 
same  leveL  The  gas  wan  dried  by  passing  it  throogb  a  tube  filled  wilh  chkind*  of 
calcium,  and  was  then  miide  to  pass  throngb  a  long  fine  capillary  tube,  into  a  taetmt 
standing  on  the  plate  of  an  air-pump ;  this  receiver  was  someiimes  kept  vsegpoi  if 
continued  pumping  ;  at  other  times  the  state  of  exhanstion  was  ascurtained  at  totensk 
by  the  pressore-gange.  By  this  method  of  observation  the  following  ffBaecal  tMslti 
were  obtained : — 

1.  Therate  of  traropimtion  for  the  same  gas  increases,  Ar/tTit  pori^Mf,  directlj  a 
the  pressore;  in  other  words,  equal  volumes  of  air,  at  dtfiSMent  densities,  reqnire  hnei 
inversely  proportional  to  the  densitios.  For  example,  a  pint  of  air  of  aoaUs  tW 
di>nsity  of  the  atmosphere  will  pass  through  the  capillary  tube  in  half  the  tima  wfeidi 
wiiuld  he  required  for  a  pint  of  air  of  the  natural  density,  under  an  eqnal  pTr""""^ 
force.  This  result  stamps  the  process  of  transpiration  with  a  charnctw  qoite 
fmm  rhst  of  diffusinn  or  effusion. 

2.  With  tnbea  of  equal  diameter,  the  volnme  transpired  in  eqnal  times  u  uii««^y 
as  the  length  of  the  tcbe. 

3.  As  the  temperature  rises,  the  transpiration  of  equal  rolaines  beooDu«  alow«r. 

4.  The  same  uniformity  in  the  results  was  obtained,  whether  the  ttib««  wvtelf 
copp«^r  or  of  glass,  or  wbetlier  a  porous  mass  of  stucco  was  employed,  pfuridad  aiwag* 
that  the  length  of  the  tube^  exceeded  their  diameter  in  the  ratio  a bove-mentiowd. 

The  rales  of  tronspiration  of  different  gases  bear  a  constant  relation  to  eMb  cck^ 
totally  independent  of  their  densities,  or  indeed  of  any  known  property  ot  At 
gTuses. 

A  comparisoo  of  the  numbers  in  the  following  table  exhibits  some  v«ij  tamf/it 
relations  berweon  the  rates  of  transpiration  of  certain  gases. 

1.  Equal  vxighta  of  oxygrn.  nitrogen,  air,  and  curbonic  oxide  are  tnui^pized  is 
times. 

2.  The  velocities  of  transpiration  of  nitrogen,  nitric  oxide,  and  ortonic  osidt 
equal. 

5.  The  velocities  of  hydrochloric  acid,  carbonic  anhydride,  and  nitxooa  ond«  tn 
equal. 


uaw  vram 
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Tran$pirabiliijf  of  Gatti. 


I 


^V                                 Cu«                                        i  TImN  for  tfantplr^kiu 

VrSocitlet  of 

of  rqiul  Toltimel'. 

Oxygen 

1  mm 

I'OOOO 

Air   . 

0-9030 

1-1074 

Nitrogen  . 

0-9788 

1141 

•  Nitric  oxide 

0-8764 

1*141 

VCiirbonic  oxJd<» . 

0-8737 

1146               ' 

I  NitrooB  ozid«    . 

0-7493 

1336 

'  Hjdrocfciloric  acid 

0-7363 

1-358 

,  Carbonic  anhydride 

0-7300 

1370 

Chlorine    . 

0-6664 

1-500 

Sulphurous  anhjdridi 

B 

0-65O0 

1-538 

SaJphjdric  add 

0-6195 

1-814 

Marab-^         . 

0-5610 

1-816 

Ammoaui .         • 

a&iu 

1-966 

Cjauogen .        . 

0-fiOSO 

l-«7« 

Ethjlene  . 
Hjdrogftn 

0-fi051 

1-980 

0-4370 

2-288 

Vapoun. 

Bromme  (about)         •        •         •         • 

'              1-0000 

1-0000 

Sulphuric  anhyaride 

I -0000 

1-OWO 

Sulphide  of  carbon 

0  6195 

1-614 

Chloride  of  mothyl 

0-5475 

1-826 

Chloride  of  ethyl 

0-4988 

2-005 

Oxide  of  methjl 

0-4826 

2072 

Hydrocyanic  add 

0  4600 

2174 

Ether 

0-4400 

2273 

i.  The  TelocttJea  of  bydxogea  and  Taponr  of  eth«r  ai«  «qaal :  so  lifcewijA  are  thoae 
of  solphydric  acid  aod  Taponr  of  aulpbide  of  carbon ;  and  those  of  marah^gaa  and 
chloride  of  ethyl. 

6.  Tlie  velocity  of  hydrogeu  is  double  that  of  nitrogen,  of  nitric  oxide,  and  of  car- 
bonic oxida. 

6.  The  TfllodtieB  of  chlorine  and  ox]rgen  are  aa  3  :  2.  Th»  Telociliea  of  bromine  and 
of  vnlpboric  anhydride  appear  to  be  nearly  the  aame  aa  that  of  oxygen.  No  gaa  ap- 
peara  to  be  alower  than  oxygen. 

7.  The  Telocities  of  hydrogen  and  marah-gaa  are  aa  6  :  4. 

8.  Ktbykne,  cyunogeQ,  and  ammonia  hare  each  nearly  doable  the  Telocity  of 
oxygon. 

The  transpiration  tirn*"  of  roiitnpea  of  the  foUowing  gaaea  waa  found  to  be  ex- 
actly the  mean  of  the  titnea  of  the  indiiridual  gasea.  rix.  oxygen,  nitrogen,  cai^ 
bonic  oxide,  carbonic  anhydride,  and  nitrous  oxide ;  but  the  transpiration  time  of 
hydrogen  and  carburctt«d  hydrogen,  particularly  the  former,  is  greatly  increased  when 
tbeaa  gaaea  are  mixed  either  with  one  another  or  with  gases  of  the  former  eUsa.  Tbna, 
the  tnuupiration  time  of  a  miztore  of  oqaal  volumes  of  oxygen  and  hydrogen  wus 
0-0008  and  not  0-72,  the  tneiui  time  of  the  two  gaaes.  The  transpiration  time  of 
lijrcbogen  in  auch  a  mixture  ia  as  high  aa  08016,  or  ita  transpiration  ia  then  laM 
impid  than  that  of  carbonic  anhydride 

The  ratea  of  transpiration  of  the  rapotirs  have  not  been  determined  with  ao  much 
■oeoraey  *»  those  of  the  permanent  panes,  in  conaeqncnce  of  the  necesaity  of  experi- 
menting upon  them  in  a  state  of  mixture  with  some  permanent  gaa. 

OASTSa^aSB.     Syn.  with  Pxi^ix;  see  the  next  article. 

OASTXUC  JD-XCS,  (Bidder  and  Schmidt,  Die  Verdauungnafte  mtd  der 
Stoffu'fvfhfrf,  Mi(au  uud  Leiprig,  1852,  pp.  28-37.^ — CI.  Bernard,  Lt(ont  dt  pk^mo- 
loffU  ijrpirimrntuU,  Paria,  1866,  ii.  382.  —  Huebenet,  Diaa.  d*  twco  gajirwv, 
Dorpat,  1850. — E.  v.  Schroder,  Sued  ffOitrii't  humcHt  vuioits  pkt/tufa  tt  cha- 
•mica;  0.  7.  Ornnewaldt,  Sited  aastrid  humam  vi*  diorttiva,  &<:.,  Dim.  innug. 
Dorpat,  1863. — Lohmann,  Lehrb,  dcr  phtftiolog,  Ckemi^  Leipng.  1833,  ii.  36-60; 
PhjfaiokHficat  ChmiisiTtf,  Cav.  Soc.  Ed.  London,  1861-4,  ii  40;  iii.  608;  GmeUn* 
Handhtik.  riii.  [2]  25. — Pavy,  On  the  Immtmity  enjoytd  htf  iht  Stomach  from  bring 
dipetUii  hjf  its  own  Serration  durintj  ij/V,  Proc,  Koy.  Soe.  xii.  386. — C.Schmidt, 
Ann.  Ch.  Pbarm.  xciL  44.) — Xlua  fluJd,  which  accumiiktea  in  the  stomuch  after  the 
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mgcstioii  of  food,  ig,  after  Wing  freed  bj  fljtrution  from  riuciib  ani  frmgmenft  <m  i^ 
ttielinm.  pertwtly  truneimreut  uitU  nwirly  cuJixiriess,  b»Ting  oaly  a.  «ligbt  jellow  toiL 
II  baa  a  fnint  pt>cu1iar  odour,  gencmlly  rweniibling  that  of  tbf  animal  from  .w  hicii  it  a 
tdkcii,  hlJ  a  Bcarcely  p<Tceptible  siiline-acid  UmU\  It  i«  slightly  boavier  iban  wttet, 
neutnil  or  ^liglltty  alkaline  wbeu  taken  from  tlie  empty  Btoma«i,  but  add  aft«rtb« 
ingt-efion  of  foixi  ;  it  is  not  rfndered  turbid  by  bnihng.  At  t#mperatnre«  belov  ifi  C, 
it  fiolidifieu  without  becoming  turbid.  It  ia  precipitated  by  tanaio,  alcohol,  and  mat 
metallic  halts.  If  carefully  freed  from  mucus,  &c.,  it  may  be  exposed  to  tlia 
for  monthti,  or  even  y«irs,  without  undergoing  aJterution  ;  and  even  vheti  a  fi  " 
l^rowtb  hm  apptiaredj  it  tttUl  rctairja  ita  most  assential  character,  via.  ita  ^' 
power. 

The  oonstiTaents  of  tb<t  pnstric  juioie  are  watfr,  inorganic  tall*,  nrqanie  Kuhttaaa^ 
and  a/ree  acid.  Ita  coostitution  appears  to  ba  oearly  the  same  in  aJl  vencfant* 
animals. 

The  solid  cotistituetita  do  not  exceed  from  I  to  1*75  per  cent,  the  remaining  9Mt 
to  99  pta.  being  water.      The  8«vUd  residue,  when  incinerated,  ia  found  to 
chi'«'fly  ^i cltlaride  of  sodium,  with  amaller  quantities  of  alkaline   tti/pha£e, 
ttiid  fituMiphitt  vf  cithium,  and  (Kimetiineti  sidphatr  and  clUvride  ofraicium. 

The  organic  eoustituent  a  of  the  gu»  trie  juice  have  been  but  little  esamised.  ta 
(.'ijiiiHx^uence  of  the  extremely  amali  quantities  in  which  they  occur.  Th«j  oonsietali 
aulidtiinee  soluble  in  water  and  in  uLtsolute  alcohol  (formerly  known  oa  osmaeomt)^  and 
n  subHtjiucc  soluble  in  water  only.  This  latter,  called  pepaio,  chy  moain,  or  ga«> 
teruue,  is  the  true  digestive  principle  of  tb©  gastric  juice.  It  may  be  precipitated  bj 
tre;itint^  the  juii-e  with  akoliol,  the  greater  portion  of  the  other  mutten  then  remsinint 
in  solurioD.  Tlie  procipiUite,  which  contains  sulphur  and  nitrogen,  diasolTM  pnttj 
freely  in  water,  and  is  thrown  dowa  from  the  aqueous  solution  by  corrxjsive  soblioute, 
protochloride  of  tin,  bu«ie  iiceLut«  of  lead,  and  taauic  acid,  find  imperfectly  by  i 
ucetut^  of  lead.  The  solution  is  not  i-enderetl  turbid  by  boiling,  and  exhibits 
digestive  powers  whon  mixed  with  hydroehlorit!  or  lactic  acid  ;   but,  like   the  ^ 

i'uioe  itself,  it  loses  these  properties  by  boiliug,  by  treatment  with  abMitnto  dM> 
lol,  or  by  neutralisatiua  with  alkalis.  Iti  uu  alkaline  solution,  pepsin  a>X)n  bwaoa 
putrid,  and  in  a  neutral  solutiuu,  it  sei'ins  to  give  rise  to  the  fortnation  of 
but  when  rendered  aeidj  it  reniaijus  mialtered  for  a  long  time,  eVKtljr  like 
gastric  juice. 

l[tspoL")  big  the  nature  of  the  free  acid  in  gastric  juice,  the  opiniona  of  dtHmvl 
ol»ser.'eps  are  greatly  at  variance.  Trout  (Ann,  PhiL  new  nor.  xiL  407),  and  fin- 
ion  not  (Ann.  Cliim.  lix.  43H),  concluded  from  their  own  experimenUs  that  thagv> 
Iric  juice  contains  frtte  hydrochloric  acid.  Lehmann,  on  the  other  hund.  found  6w 
Jactivj  acid  iu  tliis  Sfi-n-tion,  and  atfribntod  the  free  hydnjcidoric  acid  givrro  off  oa 
evufwrating  g;(ittrie  juice  in  vacuo,  to  tlio  decomfxwition  of  chloride  of  calcium  \j  fk* 
lactic  iurid.  iJernard  and  Iturreawil  (J.  Phann.  I84o,  p.  49)  altocr  •'  -  ' 
cxiNttnce  of  free  hydrochloric  acid  iu  the  gastric  juice,  on  the  groiin<J 
ill  the  pure  titat*  is  rend.Tiil  turliiil  by  a  drop  of  dilute  oxabc  jicid,  v  i 
4{Uiiiitity  of  that  acid  added  to  a  lime^tolurion  coataining  only  ^^^  of  in» 

chioi'ic  acid  produces  no  precipitate  ;  moreovex  that  starch,  after  boiling  virh      

acid  or  ga.>4trie  juice,  still  giircH  a.  blue  colour  with  iodine,  whereas  it  lo^■  -  ^itjr 

by  i«iling  with  hydrochloric  acid.     Bernard  and  Bum'swil  also  find  t'  n'let 

when  ibstjUed  yields  at  lii-st  a  neutral  diwtillatt?;  when  coneentrnted  i<»  ?;  ■  .  -  -'c 
it  yielda  an  acid  di.stillatf,  in  which,  howeror,  nitrate  of  silver  produces  no  pn  f  i' 
and  it  is  not  idl  the  liquid  has  ln-cn  distilled  down  to  a  few  drops,  that  the  ili.-uJ^.' 
aflbrdftoiiy  iudiwitious  of  thu  presence  of  hydrochloric  acid.  Von  Qrunewatdt  likeviie 
inaintaiuM  timt  Ijuiruin  ^a-sfric  juice  contains  no  free  hydrochloric  acid,  bat  that  the 
acid  reaction  whicli  it  exliibits  when  mixed  with  food,  is  due  to  organic  acida,  ckiWStf 
lactic  and  butyric,  either  contained  in  it,  or  developed  from  the  foooL 

On  the  other  hand,  Bidder  and  S  e  h  ni  i  d  t  have  snown,  by  experiments  which  searadv 
leave  room  for  doubt,  that  the  quantity  of  chlorine  precipitated  by  Ditnt«  of  rih*f 
from  ga«lni' juice  acidulat^'Ll  with  nitric  acid,  is  equivalent  to  a  quantity  of  bydiV' 
chloric  acid  more  (lien  »uffifieut  to  neutralise  all  th«  bases  contaLnc-d  in  the  jnict;  » 
portion  of  this  acid  must  therefore  be  present  in  the  free  st^te,  and  the  exct'a*.  it/bet- 
mined  as  above,  was  found  very  neurly  equal  to  the  cjuantity  of  free  acid  in  ihegaMie 
juice,  estimat^'d  by  neutr:iU»«iit ion  witli  statidiird  solutions.  With  regiu^  to  th»  bob* 
appearance  of  hytlWhloric  acid  in  the  distiihite  from  gastric  juice,  ex  ' 
quantity  at  the  end  of  the  distillation,  as  obnerved  by  Bernard 
tichmidt,  and  likewise  ^lulder,  observe  that  liydrotddoric  acid  can  tiuiti  t....,  .,. 
ous  Hubstauces,  formiog  comjioundi*  from  which  it  is  not  expelled  by  diatUlatioa 
furtlier  detnils,  see  Gj/u  fin's  Hnyulhuh,  viii.  [1|  29.) 

According  to  Marci-t  (Chem.  Sa'.  J.  xv.  407),  the  giistric  juice  uf  doga  eoatains 
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another  fire«  Actd  besides  hydrocliloric  acid.  A  portion  of  the  guMrie  jniee  of  •  dog, 
vhich  gare  an  aSundant  preoipitafo  vrHh  nitrate  of  silver,  Wing  plo<?«i  upon  «  dittlyaiv 
(p.  316),  the  hydrochloric  acid  in  tho  Ijqmd  gradujilly  paM<ed  throu^^h  the  diaphrapini 
into  the  water  lielow.  and  after  a  whil<'  tlw*  n-maininji  liquid,  whrn  frwj  from  aJbnmio 
l>y  boiling  and  filtering,  gare  no  procipitate  with  nitrate  of  silrcr,  but  ncTerthelma, 
atill  ejihibitcd  a  distinct  acid  reaction,  showing  that  iinotfa(>r  itcid  was  prcftrnt,  be«ide« 
th<^  h^-drochloric  acid.  Aeetio  acid  is  said  by  some  authorities  to  be  oocasionally  pr*- 
i^ent  in  normal  gastric  juic«. 

Of  the  abHOrmal  constituents  of  thr  gustric  juice,  »y«  I>«hinHnn.  very  littlf  is  kno-wn. 
In  the  normal  state,  the  stomach  when  empty,  is  invested  with  a  hiyor  of  mocus.  which 
is  neatral  to  yegetable  colours.  In  gastric  catarrh,  this  mvau,  which  diffiprs  but  little  from 
the  secretions  of  other  macotu  memfafajiec,  aceamulat««  in  larger  quantities,  and  when  it 
cnmo*  in  contact  with  amylaceoiu  or  saccharine  food,  it  enters  into  abnormnl  prot^pssea 
of  fermenfation,  viz.,  acetous,  butjxoQS,  and  lactous  fermentation.  The  contents  of  the 
stomach  then  contain  much  more  free  acid  than  in  normal  digestion.  Tlie  bnfyroua 
and  lartous  fermentations  are  especially  promoted  by  the  presence  of  fat,  giving  rise 
to  heart-bum,  a  sensation  of  constriction  in  the  throat,  and  vomiting ;  nnd  at  the  snme 
time  there  is  often  a  rerulsory  {anti|>eri»taltic)  motion  of  the  intestinal  tube,  wiiich 
caiues  a  regurgitation  of  bile  into  the  atomnch.  Bilitiry  matter*  are  almost  always 
pw«ent  in  the  stomach,  even  of  recently  killed  animals;  nevertheless,  they  cannot. 
strictly  ijpeaking,  be  regarded  as  normal  conadtaaDts  of  the  gastric  juice,  inasmoeh  aa 
they  are  never  prodacea  teom  the  same  sooroes.  In  unumio,  or  after  extirpation  of 
the  kidoeys,  urea  is  secreted  by  the  gastric  glands.  F(*rngn  mattrra  introilun«d  in 
•olntion  into  the  body  appear  to  cir«Jat«  throuBh  the  gastric  gUnds ;  thus  Bernard 
found  that  when  sulpnoeyauate  of  potaannm  and  sesquiehloride  of  iron  were  inject mI 
into  different  veins  of  the  same  dog,  the  red  oolour  of  ferric  sulphocyanidc  first  appe^ired 
in  Ihc  gastric  juice. 

The  qunntity  of  gastric  juice  secreted  varies  greatly  at  different  times  of  the  day ;  it 
Is  least  when  the  stcmuch  is  empty,  and  is  promoted  b^  the  ingestion  of  food;  even 
mechanical  excitation,  such  as  that  produced  by  swallowing  stones  or  peas,  inereaiiea 
ihe  secretion.  The  effect  of  different  kinds  of  food  in  this  respect  varies  considerably. 
Sngar,  aromatic  substances,  alcohol,  and  alkalis,  immediately  excite  profuse  gastne 
se«*retioo  :  animal  substances  act  more  slowly,  but  ultimately  give  rise  to  a  stUl  larger 
pKKluetion  of  the  gastric  juice.  Psychical  cause*  also  increase  the  secretion,  t.g.  the 
sight  of  food  by  a  fiistiug  animiil. 

From  the  experiments  of  Bidder  and  Schmidt^  made  with  animals  in  which 
gastric  fistlds  had  been  establiAbed,  it  uppean  that  dogs  eeerete,  oo  the  average,  in  24 
hours  for  each  kitogramme  of  thpir  wei|Tht,  100  grmf>.  of  gastric  joiee,  containing  2-883 
grammes  of  solid  matter  (indudiTig  lactic  add)  and  0-270  grms.  hydrochlonc  acid, 
the  quantity  of  gastric  juice  secreted  in  an  hour  varying  from  24  to  204  grm.^  per 
kilogramme  of  the  animal's  weight  A  sheep  secretes  per  kilogramme  in  24  hours 
120  grms.  of  pure  gastric  juice,  containing  1-663  grms.  solid  constitnents,  and  0*187 
grms.  hydrochloric  acid. 

Schmidt  (Ann.  Ch.  Pharm.  xcii.  44)  found,  by  observations  on  a  woman  having  a 
gastric  fistula,  that  the  quantity  of  gastric  juice  secreted,  oer  kilogramme  of  bodily 
weight,  in  24  hours  was  264  grms.,  containing  1-447  grms.  solid  matter,  and  0-053  grms. 
hydrochloric  acid. 

The  following  table  exhibits  a  comp4irative  view  of  the  oompositioa  of  the  gastric 
juice  obtained  from  these  several  sources, 

€omj)Osition  of  Oattric  Juice, 


I 


Water  .        .        ,        . 
Ferment  and  ammonia  ,  ' 
HydrocMoric  acid 
(^lilorid*?  of  calcium 
Chloride  of  (*odium 
Chloride  and  pntjiw^ium 
Phosphates   of  calcium, 
roagneiiium  and  fenri- 
cum  .... 

Mm. 

Shei^. 

Dof. 

H*j»o. 

994-404 
3-195 
0-200 
0061 
1-465 
0-550 

0125 

986*148 
4*20a 
1-S57 
0*114 
4*368 
1-518 

20^ 

971171 
17  507 
2  703 
1-661 
3147 
1073 

2-738 

1  ;  0-45  :  0-37 
1:06   : 21 
I : 3  5   : 51 
1  :  09   :  104 
1 :  1*3   :  0-9 
1 :  1 3   : 0  7 

I  :  7-6   :  8  8 

lOOOOOO 

1000*000 

1000-000 

The  acidity  of  gaatric  juice  ranges,  according  to  Marveli  froia  0085  to  0-303  |>et 
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cent,  of  hy«liry?hloric  add,  and  thHps  atYordinj;  to  the  time,  utter  ioeeitton  rf  teoSii 
which  the  secretion  is  c«ll*H.'t«d.  The  first  qaantity  reinovrti  froTii  tho  Ktotnuch  »  lfe» 
moBl  ahundanU  V>ut  tlu*  Ii'riht  uetd,  the  B«N3-ction  gradually  becomixi^  smallc-r  in  quan- 
tity but  more  acid,  and  Ihf  limt  quantify  cxliibiting  the  Jiighest  degre*  of  aridity. 
This  gradual  increase  of  acidity  ansfw  partly  fmm  the  fact  thit  thf  first  qnantiti«»of 
ptmtric  jiiioe  w»crrt«l  ur*  diluted  and  neiifmlised  by  the  Blightly  alkaline  mucus  cab- 
taiiiftd  in  ihi'  fanting  stomach,  but  more  especinlly,  perhaps,  from  actual  iiicreaM  of  tli* 
proportion  of  acid  8t'crcU*d  in  flic  laK^r  portion*. 

The  free  hYdpochluric  acid  of  the  (iiistric  juice  appear*  to  rronlt  from  thf  de<otBpo«*- 
tion  of  chloride  of  sodium  ;  thu  explanation  of  its  origin  was  firttt  so^igetft^d  bv  Proct, 
who  further  8npp<'s<'d  that  tJie  soda  eepamted  from  it  was  direct«i  to  the  uti^,  ud 
piuised  off  in  tht»  bik'.  But  from  the  eip«!rimfnts  of  Dr.  Bence  Jonea  (PhiL  Truis. 
1849),  it  appejirs  t hat,  during  the  aeert-tion  of  tho  gtiJitric  juiee,  the  acidity  of  th«  nrine  ii 
(rrt^atly  dimini&b<-d,  and  is  at  iti^  minimum  at  th«  time  wh(-n  dig'^ation  is  at  its  height; 
hence  it  appears  pn>l'»iMe  that,  when  the  cWoride  of  sodium  in  the  bUtod  3rield8  bydn>- 
chtoric  acid  to  the  ^iistrie  juice,  tho  soda  sepamt^  from  it  at  the  aame  tim«  ic  tmk<« 
up  by  an  ucid  which,  durini;  fitf*tiuu;,  would  Live  beon  excreted  by  the  nrine,  bat  wjiicb 
remainn  in  the  curculatiou  while  dige»«tion  i«  trnitig  on.     (3Iarcet.) 

Phjfiriolofficai  aetion  of  the  Gttntru;  Juiec.— AW  alimentary  suhBtance*  are  pcniMted 
and  Boftened  by  the  gastric  juice ;  bat  it«  principal  action  is  exerted  upon  the  ■•  "  " 
pnrtiomt  of  the  food,  and  on  the  neutral  fiitii.  Moat  of  the  non-azotiaed  cooatih 
jt^m.  sugar,  starch,  &c.,  placed  in  pure  gastric  joice,  at  tho  temperature  of  tlie  a 
body,  do  not  undergo  any  peroeplible  alteration ;  but  the  neutral  fata  ore  resolved  V 
it  into  glyci'rin  and  fiitty  acids,  and  are  then  ready  to  bo  tranKformed  iiito  emalstnia 
by  the  bUe,  which  exerts  that  action  upon  fatty  adda  but  not  on  neutral  fata.  (Mamt, 
Bee  DmESTioN,  p.  3'io.> 

The  jilbuiuiiitiUM  and  gr-jatlgennus  tnatters  are  disitolTod  and  conrertod  into  naw  nU 
(tt+inccs,  which,  although  they  coincide  with  the  bodies  from  which  they  htb  derirvd,  il 
composition  and  in  m;iny  of  their  physical  properties,  neverthebeee  diffier  wwslitiiHy 
from  them  in  being  e^isily  aoluble  iu  wat*>r,  and  e^'en  in  dilute  alcohol,  and  ia  »< 
fnrming  insoluble  corajKiundit  with  metallic  salta.  The  formation  of  these  componad^ 
callfd  pcptonen,  dep^-nda  wdely  ou  the  action  of  tlie  gastric  juice-,  and  ia  not  att«g'  ' 
by  ihe  evolution  or  absorption  of  any  gaa,  or  the  production  of  any  secondarjl 
alance.  iSoluble  casein  ia  coagulateti  La  the  stomach  before  it  undergoca  the  i 
process  of  digestion. 

Accortling  to  Lehmann.  eartilsige  and  gelatigcnoua  bodies  Are  eonrerted  in  tbn 
ittoiuach  into  sab«taiice}»  wliich  correspond  perfectly  in  their  physical  and  ia  tnixt  of 
their  chemical  cliaracttn,  witli  the  peptones  of  the  protein -bodiea.  M  a  rc«t  bai,  how- 
ever, shown  that  the  peptooe*  obtiiiaiKl  from  gelatigenotie  bodies— or  at  least  one  nti 
peptone — possesa  tho  pfjwer  of  rotating  the  plane  of  ix>hiriwation  of  a  ray  of  hght,  s 
character  not  exhibit^  by  the  peptones  of  the  nmtein  aulwtances.  H  --  ■  '.iiB 
{Htiile  and  MeianntT'jt   lU-ri,M  ii/nr  dk  VtfrtjsehrittJ'  d^r  Avalamir  u  .'•t 

ohserveil  that  gastric  juir-o  acf,s  on  fKikrised  light,  and  attributed  tin  il* 

gUHtric  secretion  itself.  Mjin-el  tn  1860  made  the  same  observation,  but  tiunmi 
furtlier  that  pure  g:iMtric  juice,  obtained  by  keeping  a  dog  fasting  for  thirty  hoanmr 
looger,  then  washing  out  the  stomach  thoroughly  with  water,  sod  making  thr  •niswl 
swallow  ntlicpous  pebbles,  has  no  powor  of  rt»tating  the  polarised  ray.  After  ex-itim 
the  secretion  with  fragTiicnts  of  Iwne,  howerpr,  a  gastric  flnid  waa  obtainrxi  mhy^ 
exerted  a  slight  influence  on  iiolariscd  light,  showing  a  rotiition  of  7^  U>  tiw  I'X 
of  Soleir»  sijcrhsrif.i'metrr ;  wherea."*,  when  the  secretion  was  excited  by  cartilagw.  rlw 
rotation  amounted  to  ."JO^  or  40  ',  nl.so  to  the  left.  Oastric  juice  mixed'  with  cartiUer. 
or  with  the  int«*rn»!  tisi.tue  of  boiled  tripe,  and  heated  in  a  water-bath  to  the  lpmp«Tv 
turc  of  the  animal  body,  nc(|uireK.  a/ler  a  short  time,  an  optical  rotatory  power,  whicSi 
may  be  twice  as  great  as  that  which  it  po«»«ssed  before  the  commencement  of  th» 
artiftciiil  digestion. 

To  determine  the  rotjitory  pnwrr  of  the  polarising  peptone,  it  waa  separated  fum 
the  gastric  juice,  dried,  aud  dh«solved  In  2.'j  c,  c.  of  wntx^r.  The  solution  rieliW, 
for  P  of  deviation,  an  avim«re  quantity  of  0024  grra.  of  dry  substance.  TfirT«5fl« 
vvht<n  gastric  juice  i«  exjmined  in  the  saccharometer,  the  fluid  contains,  for  eveiy  il«f^ 
of  mtutiou  to  the  lift,  0024  grm.  of  polarising  peptonea,  or  a  quantity  appraoumatin; 
thereto,  i n  2 -3  c.  c     (M  a  r c  p  t. } 

The  only  two  animal  tinsneii  which  have  been  observed  to  yit-M  i  '  '  '  :  peplflB* 
are  cartilagf  and  the  mucous  ti«-sne  of  boUed  intcfitine.     No  a[  ^jotityril 

polarising  substance  wim  obtained  from  pure  coagulated  albumin,  »^.  ^,  ..,g...^t.d  cawh, 
when  digested  out  of  tlu-  Ixidy.     (Marce  L) 

The  constitnentw  of  the  gai<tric  juice  which  are  iriainly  rssentia]  to  the  woeew  f^ 
digestion  are  the  pepsin  and  the  free  acid;  but  it  can  hcsoaely  be  doubted  that  evifj 
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one  of  it)t  conntitarnta  hns  u  ccrtuiii  nliJin*  in  its  action  on  food,  Tlie  uecrmty  of  « 
fiv*  arid  in  the  dippstivo  pnxvss  i»  shiTsni  by  tlip  fact  tb«t  the  gastric  jaicr,  whpn 
nontmlixed  by  an  aikiili,  completely  lo^es  its  action  on  thi-  azotiaod  portions  of  the  food. 
The  addily  of  the  jnie*  i»,  however,  ouly  ono  element  of  its  activity :  fur  the  dig««tivo 
power  is  iikewisf*  destroyed  by  heatiug  the  liquid  to  a  tempcniture  near  the  boiling 
point,  the  TX'pein,  which  app<>ar8  to  act  like  a  fonnout,  being,  like  other  fermenta,  uh< 
•ble  to  witaatand  that  temptrature. 

Thp  neutraliaation  of  the  free  acid  of  the  gastric  jnice  by  an  alkali  in  the  cauM 
which  preventa  theatomach  of  a  living  animal  from  being  acted  upon  and  dinolred  hj 
U»  own  accretion.  During  life,  tho  walls  of  the  Htomach  arc  very  freely  peni)8«ted 
bj  a  current  of  blood,  which,  in  itH  normal  state,  is  always  alkaline,  and  therefore 
DPUtraliws  ibe  acid  in  the  gastric  juice,  and  protects  the  stomach  fruni  ita  action. 
AfVer  death,  however,  the  blood  becomes  stngnant  and  incapable  of  supplying  thn 
■Ikiili  with  the  same  rapidity  as  a  circuhiting  current;  consoqn^^utly,  in  muny  caaej*, 
enpecially  wh«>n  death  m  auddt'n  or  vioh-nt,  and  the  gastric  juice  healthy  and  vlg>)^^^^ 
the  stomach  i**  found  to  he  diwnlved,  r-ven  to  the  eit«nt  of  p«rforation.  Thia  was  first 
noticed  by  J  0  h  n  Hunter  (Phil.  Trans.  1772),  who  attribofe*!  the  imtnimity  of  the 
flomacb  dnring  life  to  the  rital  principle.  But  B«mard  showed  that  porta  of  living 
animals,  frog«'  lep  for  example,  are  digested  when  introduced  through  a  flatulomi 
opening  into  a  living  stomach;  and  Br.  P»Ty  has  obtained  the  mom  result  with  the 
extremity  of  the  ear  of  a  living  rabbit,  dearly  abowing  that  it  is  sot  vitality  which 
protpcrts  the  stomach  from  the  sction  of  its  own  secretion. 

The  protecting  action  has  also  been  attributed  to  the  epitJielial lining  or  mncous  mem- 
brane of  the  stomach,  which,  though  act^d  on  and  dissolved,  is  constantly  renewed,  and 
tlirivfiire  defendn  the  stomju^h  from,  injury;  but  Pavy  has  shown  that  a  patch  of 
niu<.t..u8  nierahrane  of  the  size  of  a  crown-piece  may  be  removed  from  the  stomach  of  a 
•log,  and  food  afr^TWurda  digested,  without  the  stomach  showing  the  least  signs  of 
attack. 

The  only  satisfiirtory  erplanarinn  of  the  immnnitv  of  the  !*tomnch  durinj»  life  is  that 
of  Dr.  Pnvy  above  mentioned,  nampjy,  that  the  acidity  of  the  p«fltric  w-crrtion  is  nen- 
tmlised  by  the  alkalinity  of  the  rirculating  blood.  Even  when  the  circulation  through 
lliL'  stomach  is  arrested  during  life  by  ligHttirea,  the  mucou<t  mcmbntne  in  not  alwKva 
attacked,  becauBw  there  i*  then  still  a  circulation  all  round  the  atomach,  ajid  from  the 
facility  with  which  the  permeation  of  fluids  tak^'a  place,  a  certain  amount  of  count<'r- 
aclive  influence  is  still  exerted ;  but  if  a  dilate  non-corrosivo  acid  (phosphoric  or  citric) 
ih  iiitroduced  at  the  same  time  into  the  Mlomach,  so  as  completely  to  neutnliae  the 
alkali  of  the  btood,  the  gastric  juice  then  exerts  its  action,  and  solalioa  Aod  perfontion 
quickly  take  place. 

The  digestion  of  certain  lix-ing  tissues,  viz.  the  frogfs  lea  and  th"  extremity  of  the 
rabbit's  ear  in  the  eipmmpnta  above  mentioned,  probabyr  arose  from  the  supply  of 
bloo<l  to  those  organs  not  Wing  suifirient  to  yield  the  qaantity  of  alkali  Pcquiivd  to 
neutralise  the  acid  of  the  gastric  juice. 

Artificiai  Gastric  Juiee  is  a  fluid  obtained  by  treating  the  glaadnlnr  tfssne  of 
the  stomach  in  a  peculiar  nuinner  with  hydnwhloric  acid:  it  pooseasea,  in  common 
with  ntitnral  gastric  jnice,  the  power  of  converting  nitrogenous  article*  of  food  into 
soluble  non-coH^Tilubh'  ttubstancea.     (See  Pepsw.) 

OAVXiTBSRZA-OX&,  or  Oil  of  Winttrgrten,  is  a  volatile  oil  or  esMUce  ohtnincd 
from  the  GatUtheria  procumbau  (wintergrccn.  or  Canada  tea),  a  trailing  plant  of  the 
rrica«eous  order,  which  grows  abundantly  in  New  Jersey.  The  oil  exists  in  «dl  part* 
of  the  phint,  but  chiefly  in  tlie  leuvf^,  whenco  it  is  extracted  by  maceration  with 
alcohol  or  ethor,  or  by  distillation  with  water.  It  is  colourlesa  wht^n  frwh,  but  on 
exposure  to  the  air  it  acquires  a  rod-brown  colour,  which,  indeed,  the  commercial  oil 
usually  exhibits.     It  has  an,  sgreeahle  aromatic  odour,  and  is  used  for  scenting  Maps, 

&c.     It  consisrtfl  of  meihyl-aalicyhe  or  gaulthfrie  add,  ^   „  r'ii»|0*  (■<*    Salxcyi.iC' 

Etkkes),  mixed  wilh  a  smaU  quantity  of  gauUhtrilcnr,  a  hydrocarbon  isomeric  with 
oil  of  turpentine.  Wlien  distilled,  it  begins  to  boil  at  200^  C,  at  which  tempfrature 
the  ganltherilene  chiefly  paaaee  orer,  and  the  boiling  point  then  gradttnlly  ri»»  to 
222*,  ut  which  tempemture  the  pure  racthyl-soJicjUc  aad  distils  over.  On  distilling 
the  oil  with  strong  potash-  or  m>da-li  y,  nivthylic  alcohol,  wat^r,  and  gsiultherilf nc 
pjtSB  over,  and  salicylate  of  p>taiM(iu.m  remains  in  tho  retort.  (Cahours,  Ann.  Ch 
i'hys.  [3]  X.  327.— Procter,  J.  Pharm.  [31  iii.  27fi.) 

An  oil  nearly  identical  in  properties  with  wint-ergreen  oil,  and  consisting  of  methyl 
siilicylic  acid,  unmixed  with  g.iultherilcne,  is  obtains!  by  di.stilling  with  water  the 
I'Htrk  of  the  BifitJtt  hnin  (>*we«'t  l>in.'h,  bLiir  birch,  cherry  birch),  a  tree  growing  in 
North  America.  This  oil  does  not  exi«l  in  th*>  l«ark  ready  foiined,  but  .ippc:irs  to  !>e 
produced  by  the  action  of  a  substauce  resembling  cmulsin  on  gauIdurtH,  a  compound 
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BBAlogoiui  to  tilt*  amygdalin  of  bitter  almond* :  for,  when  the  dry  pulvemftd  b«rit  is  ex- 
ImuKti'd  with  cold  alcohol  of  90  p*r  cent,  the  residue  does  not  yipld  topthyl-saliejlie 
»fid  bj'  distillatiuQ  with  water ;  but  on  evaporating  the  alcoholic  tbcture,  and  trestiag 
thi*  residue  with  wut^r,  the  odour  of  winterigreen  oil  is  oTolred,  and  bj  diertillAtion  « 
liquid  is  ohtaiticd  whifii  rtddons  fL-rric  salt«,  an  indication  of  the  pretenoe  of  aaJurflie 
acid.     (Procter, /or.  CT<.) 

OAiriiTainfcXe  ACXX>.    8yn.  witli  Mkthtl-baijctlic  Acid. 

QJLiriiTaBRXAEiriS.  The  hydroe&rhoti  iisomflric  with  oil  of  turpentine  vhieh 
exists  in  winrcTt,T(M*n  oil.  The  best  mode  of  usolatiiig  it  is  to  distil  wint*rgn«n  od 
with  caustic  nlkiili,  as  above  described,  wash  the  heavy  oil  which  settlwi  at  th<*  bottom 
of  the  watery  diatillate,  first  with  alkaline,  then  with  pure  water,  and  rectify  it  ot^r 
potaMiiuui.  It  is  a  colourless  mobile  oil,  having  on  odout  like  that  of  pepper.  Boili 
at  160°  C,  Vapour- d<>fl."iity  4-92,  It  formii  a  reainous  mass  with  mtne  acid,  and 
Yiacid  prodact«  with  chlorine  and  bromine.    (Cahours.) 

€IJLf -£17BftXTB.  A  native  carbonate  of  oodiam  and  csldam,  2NaCaC0*  -t- 
6H'0,  found  at  LagTitiilhi,  near  Merida,  in  Columbia,  diMeminated  at  th*  Wttom  of  a 
amdl  like  in  a  bed  of  day,  covpriiTR  umo.  The  natives  mil  it  clavrm  or  mulM,  It  is 
ako  found  near  8angerhuuj<en  in  Thuringia.  The  cr)-8talB  are  prisms  belonging  to  tfas 
monoclinic  syntcm,  transparent  or  Lrantilucent,  with  yellowish- white  colour,  and  m- 
hibitiug  double  refraction.  Specific  gravity  1-92  to  l-9fl.  Hardnew  2  to  8.  E»- 
tremoly  brittle.  Fracture  conchoTdal,  with  vitreous  lustre  on  the  fracturrd  taxAt*. 
Ptreak  j^reyish-white.  Decrepitates  slightly  when  heated,  and  beeomea  opftqoe  from 
loss  of  wato".  Melta  rapidly  beforr  the  blowpif*  to  an  opaque  bead,  whidi  hat  « 
strong  •ikalioe  taste,  and  when  oni.'e  formed  ia  no  longer  fusible.  The  pulven**d 
vineiral,  before  ignition,  dissolve's  t«]}ariiigly  in  wster  without  deoomposition,  forming  « 
aolutioii  which  reddens  turmenc.  The  anhydrous  salt  is  resolred  by  wter  uua 
soluble  carbonate  of  sodium  and  inaolnble  carbonate  of  calcium.  (Dann,  1  4i5; 
Om.  ii  2ie.} 

OSBBXTB.  A  variety  of  hornblende,  resembling  anthophyUite,  from  Gedn  ia 
the  Pyrenees.  It  contains,  according  to  Dufrenoy,  3881  per  cent.  SiO',  9*81  AlH)*, 
45  83  Fe»0.  4  13  Mg»0,  0-67  CaH>,  and  270  H-0. 

a£HXi£irXTB.  A  silicate  found  mostly  at  Mount  Manzoni,  in  the  Vsumm  VtSler 
(Tyrol),  in  iaoLitod  or  aggregated  crystals  invested  by  calcspar.  The  crystala  art  short 
square  prisma,  sometimee  tabular.  Clears^  imperfect  parallel  to  the  base.  Specie 
gravity  2'9  to  3*067.  Hardness  fi-5  to  6.  Ltutre  resinous,  inclining  To  litre^s. 
(^'i)Ionr  various  shades  of  green  to  grey  and  brown.  Fracture  uneven—  splintery.  Th« 
|M>wder  is  easily  decompoeed  by  hydruchlortc  acid,  with  separation  of  geiatinons  silifMk 
According  to  Kain  melsberg's  analysifi  {^Mtneral'Che>nie,  p.  732),  the  mineral  oontain*  — 
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FeO  and  MoO 


CaO 

37110 


MgO 
3-88 


H»0 

1  28 


lOO-OO 

whence  may  be  dedui-icd  tho  formula  aafO-R  0\23in»  or  (M'')»(R*)'«i»0*«  (IT 
denoting  a  moiiiitomic,  and  R'a  JriHUmiic  radicle,  i>urh  ns  aluminium ):  and  if  vb 
write  m  —  IR,  th!*  formula  beoomes  (M"w')'Si-'0'*,  which  is  of  the  general  form 
(M")»Si»0'V  OT  (M")'SiO*  -  3M'(>.SiO'.  (Buna,  ii.  266.)  Tho  term 
€Mitmt»  is  applied  to  a  variety  of  Mellititc  {kj.v.) 

OSXC  ACID  and  O^OT.    See  Ulhio  Acid  and  Uluix. 


OS&ATIir.  Bon^-^rlatin.  Animal  glutin.  (Lehmann's  PAynoi<N7rcaf 
irtf,  i.  39.  Gt-rhardt's  Traiti,  iv.  507-) — ^When  bones  are  digested  for  sooe 
length  of  time  with  hydrochloric  or  nitric  acid  diluted  witli  9  pb*.  water,  and  the 
liquid  is  decanted  and  repkcfd  by  water  less  and  letts  add,  the  whole  of  the  toioenl 
constituents  of  the  bones  ere  diMsnlved  out,  leaving  the  chief  oi^ganic  cunstituent, 
boiie-cnrtilage,  as  a  yellowish,  transparent,  elastic  subatiiiicc,  retAiniag  ths 
primitive  form  of  the  bono,  and  becoming  exceedingly  h«rd  and  itHghtly  brittle 
on  drying.  This  substanoe,  which  is  also  the  chief  constituent  of  tho  s«'Tt>as  mem- 
brane!!, the  connective  tisBUe,  the  epitlprmis,  tendons,  horn,  &c.,  haa  been  t/'mi'd 
ossein,  or  ostein,  by  Verdeii  and  Robin.  Ossein,  when  ct>mpletely  t-xhnnwtH  ^y 
dJlut*' acid,  contalnH  but  a  trace  of  mint^ral  nwtler;  it  is  washed  with  di-'  r 

Uhtil  the  wash-waters  no  longer  acqtjire  tin  <.\rv\  reaction,  then  dried,  and 
alciiltol  and  ether.     Acconlintr  to  Fn.'my,  it  ulwiiys  has  an  acid  reaction,  •h.,;  ..  .i 
by  wanhin^  with  feebly  alkjdine  Tvat«r.     Boiled  with  wiiter,  ossein  is  converted 
grlatin,  without  either  evolving  or  absorbing  gas;  indeed,  the  composition  of  the  t    . 
bodies  does  not  sensibly  differ.     The  presence  of  nn  acid  creatly  fiMnlilai««5  tbw  fnns- 
formation.     Ossein  confaine  4920,  7*8 H,  and  17*9 N  (Fremy),  with  between  0*6  and 
07  per  cent,  sulphur,  (Verdcil,  Schliepcr.) 
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S<»Ten»l  kinds  of  wlatin  occur  in  comtncrec.  The  pnrt'st.  calJctl  fchthf/ocoft,  or 
ifingUtw,  is  eitnictetT  from  the  intiTual  mpnibnine  of  tlip  lJwimmin;;•^llKUi«T  of  th« 
stui^eon,  a  flah  vcrj-  common  in  Ruwiii.  Au  inferior  kioU  of  isin^lafis  i:i  nmnaliiftmvd 
frt>ni  fi«h-lK)nts.  Gluf  is  a  erode  pixxlart,  pn'j>ar«»il  liy  b.iiling  dovro  pieces  of  hide, 
btmcfi,  horn,  hoof,  cartiUige,  &c.,  \rifh  wut^T,  cither  at  the  romtiion  tttmospbprii^  prt-K- 
■iire  or  under  a  higher  pressure  (at  106°  or  107'^  C).  After  the  concentndtHl  solntiou 
h)U  been  dsnfie«l,  it  is  conTert«d  bjr  cooling  into  a  trembling  jolly,  which  is  cut  into 
thijQ  sUcea  hy  meann  of  •  wir«,  aod  then  dnad.  la  thin  form  it  is  met  with  in  cotn- 
mrrcp.*  Common  glue  is  far  from  being  pore  gelatin :  it  containii  wib^tADCfs  aolabl« 
in  cold  wat*r  and  in  alcohol.  To  purify  it,  the  solution  of  gluo  is  ullowed  to  geUtiniM 
in  cold  water,  and  the  jolly  m  raechanically  divided,  tied  in  a  cKith,  nnd  pbio*^  in  con* 
tact  with  warm  water,  which  is  ivnt>w«<l  fn^m  time  \o  time.  When  the  whole  of  the 
colooring  matter  haw  that  been  extracted,  the  jelly  is  melted  in  water  at  a  gentle  heat, 
and  the  insoluble  portion  ia  filtered  off  The  dear  solution,  mixed  with  ita  own  volume 
of  alcohol,  yielda  a  predpitat«  of  put«  gehitin.  Gelatin  ia  often  prepared  by  trratiug 
IioncK  with  dilut«  bydrocbbric  acid.  The  osaein  thua  obtained  ia  washed  ^tsd  melted 
in  a  little  water. 

Chrmiral  and  phthisical  propt-rtits. — Dry  gelatin  ia  a  colourleaa  or  yellowish  imb- 
atunco,  transparent  in  thin  plates,  elastic,  vitreous,  hurd.  and  brittle.  It  has  neither 
taate  uor  snudl.  b'  not  affocted  by  the  atmosphere,  and  is  neutral  to  regetabje  coloun. 
It  is  hearier  than  watir,  nnd  ia  insoluMe  in  alcohol  and  ether.  In  ctintact  with  cold 
water,  gelatin  awelis  and  iner>"nxes  a-bout  40  per  cent,  in  weiKUt,  becoming  translncent, 
bat  doea  not  di.ieolve  apprfciably.  The  jelly  dissolvea  in  hot  wnter,  and  the  eoncen- 
tnitcd  solution  is  precipit^iOd  by  alcohol  in  the  form  of  a  wliite  clotted  masa. 

When  a  concentrHt+Hl  «oluti«.>u  of  gelatin  is  boiled  for  aome  time,  it  gruduuJly  loae» 
tlie  property  of  gelatintaing  on  cof>IInij,  and  the  liquid  on  cvwpfjration  le»v«s  a  deli- 
qnewing  residue,  resembling  terrbinthin.  The  KOluLion,  however,  yields  with  alcohol  • 
precipitate  of  the  same  composition  as  gelatin. 

Mul4rr.  Fre-ny. 
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Hydrogen  . 

Nitrogen   . 

Sulphur     . 

Oxygen     . 

Sohlitper  found  in  bone-  and  irory-gektin  between  0-12  and  0-14  per  cent  of  sul- 
phur ;  and  v.  Biliru  always  found  very  appreciable  quantities  of  sulphur  in  bone-gelatiiu 
Oelatin  precipitated  by  alcohol  givee  but  a  tnicc  of  aali.  Common  glue.  howeTer, 
alwajs  eontauu  a  large  quantity  of  phosphate  of  calcium,  and,  aci.'ordijDg  to  Mnider, 
this  substance  is  an  essential  conatituent  of  gelatin. 

Moist  gelatin  expoaed  to  the  air  rapidly  patnifies;  the  liquid  at  first  lioeomes  highly 
neid.  but  afterwanlfl  gires  off  a  large  quantity  of  ammonia.  This  property  of  first 
becoming  acid  ia  characteristic  of  gelatin. 

Submitted  to  dry  distillation,  gelatin  yields  an  aqaeoua  distillate  charged  with  e«r- 
bonate  of  ammonium,  and  u  thick  brown  oil  containing  sulphide,  earbonate,  and  cyanide 
of  ammonium,  ^rarious  volatile  alkaloids  (aniline,  picoline,  methyhunine,  tntylainine, 
tetrylamine,  pyridine,  lutidinc,  pyrrul),  together  with  certain  neotral  oils  not  yet  in- 
T«tigat«l, 

Pore  solution  of  gelatin  is  not  precipitated  by  di/nte  alkalU.  Boiled  with  concen- 
trated solution  of  potash,  it  yields  leucine,  glyiwine,  and  other  producta.  The  aame 
reaction  takes  place  when  gelatin  is  carcftdly  fused  with  hydrate  of  potnasium. 

It  is  not  precipitiited  or  rendrred  turbid  by  any  acid,  except  the  Umnie  acid*. 
Gelatin  is  dissolved  by  coneeutnitod  mtlfharie  acid  in  the  cold.  The  solution,  diluted 
with  water  and  boiled,  jrields  leocino,  glycocinc  (sugiur  of  gelatin),  and  other  products. 
Gcrhardt,  by  boiling  isinglaas  for  several  daja  with  dilute  hiilphnric  add,  obtained 
sulphate  of  ammonium,  and  a  c^nKiderable  quantity  of  a  sacchnrine  matter,  convertible 
into  alcohol  and  carbonic  aoid  by  fermeu»ation.  This  reju'titm  nupf«>rls  to  a  certain 
eJttetit  Hunfn  view  of  the  constitution  of  ^ehilin.  He  tlnds  that  by  adding  the  elemeuta 
of  ammonia  to  the  fomuilii  of  !«taiTh.  and  subtrarting  the  elements  of  water,  a  formula 
is  obtained  agrc«ing  pretty  nearly  with  the  civmposition  of  g»liifin: — 

C«1I"0»  +  2X11'  =  C«H"N»0»  f  3H-0. 
Tliis  formula  would  require  50-70  C;  7  04  H  j  ]9'7lN;  and  22*5oO:  the  nitrogen  ia 
much  too  high. 

•  On  thn  rnann<aclur(>  of  RrUtiii  fat  culinary  inirpows.  Ma  Vrit'$  DieUottmry  n/  Jrta,  %c.  ii.  aM| 
Hiinubctuie  uf  glite,  tiiil.  37fi. 
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Helmtin  is  aftadced  by  hot  nitrie  aeid,  oxalic  and  Baecharic  (?)  acida  beiag  prodottd. 
together  with  a  fat  and  an  astringent  mib«tan(N».     (Berzelins.) 

Lime  and  phosphate  of  caloinm  are  much  mow*  soluble'  in  a  wilation  of  gelatin  tJiso 
in  cold  WRfw.  Chemieal  compounds  of  gelatin  and  phosphate  of  calcium  may  be  prf- 
piired.  It  is  not  unlikely  that  o««oin  and  phosphate  of  calcium  may  be  in  chemical 
conibiuiition  in  the  bones.     (Lehmann,  Gmelina  Handluek,  viii.  [2]  557-) 

Solution  of  geliitiu  is  not  precipit«t4?d  by  alum  or  ferru^  tulphate  ;  on  the  additioa 
of  alkali  in  su&eieut  quantity,  a  precipitate  is  formed  containing  gelatin  and  a  basic 
■ulphatp.  It  is  not  precipitatiKl  by  ferroc^anidr  of  potastfium  ( this  di«tingniafaea geJatia 
fnjm  the  protj?in-cumf«Jund«).  nor  by  neutral  or  basic  aoetaif  of  lead.  It  is  rendend 
turbid  by  the  addition  of  a  amjill  quantity  of  mercuric  chl*jnd< ;  the  predpitat*  f»- 
disaolres  on  shaking,  but  becomes  permanent  on  the  addition  of  excess  of  the  salk  It 
is  not  precipitated  by  nitrate  of  eiltk-r  or  chloride  of  gold,  but  reducas  th<>m  partly  la 
tlie  metallic  state.     It  is  precipitated  by  platinic  chloride. 

Sulphate  of  copper  does  not  precipitate  gektin ;  the  green  liqaid  tarns  riolet  oa 
addition  of  potash,  and  la  not  precipitated  by  ammonia  or  phosphate  of  sodium. 

By  distillation  with  dilute  mdyhuric  acid  and  peroxide  of  mangamse  or  add  cAm* 
mnU  of  potassium,  the  same  productji  are  obtained  with  gelatin  u  with  albumin,  rir. 
earbonic  acid,  formic  acid  and  i\s  homologues  up  to  caproi'c  acid ;  also  pmssic  add,  Taloo- 
nitrile,  acetic  and  butyric  aldehydes,  benzoic  acid,  hydride  of  benzoyl,  and.  a  heatj  od 
having  the  odour  of  essence  of  cinnnmon. 

QaUoiannic  acid,  and  other  kinds  of  tannic  acid,  form  comjMwnds  with  gelatia.  Tht 
precipitate,  &om  concentrated  solutiona,  is  obtained  in  clotted  flake«,  or  as  a  mA, 
elastic,  imputrescible  mass.  The  pri>cipitate  is  insoluble  in  water,  alcohol,  aikl 
ether,  but  soluble  in  a  warm  solution  of  potash.  It  becomes  bard  and  brittle  oa 
drying.  100  pts.  gelatin  dried  at  130"  C.  yield,  with  gnllotannic  acid,  between  134 
and  136*6  pt*.  product.  The  composition  of  the  precipitate  does  not  appear  to  be 
constant.  This  reaction  is  bo  delicate  that  a  solution  ooataining  00002  pta.  gplatia ii 
rendered  turbid  by  an  infusion  of  gall-nats  (p.  763). 

When  a  current  of  gaseous  chlorim  is  passed  through  a  solution  of  gelatin,  a  «1 
p«llicle  forma  round  each  bubble  of  gas,  and  the  whole  of  the  gelatin  ia  finally  | 
cipitated  in  flexible,  elastic,  nacreous,  gelatinous;,  transparent  flukes  or  flla 
(Th^nard,  Bouillon-Logrange).  The  precipitat«  is  tasteless,  slightly  acid,  imp. 
dble,  insoluble  in  water  and  in  alcohol,  ana  soluble  in  alkalis.  On  escpo^ure  to  I 
air  it  exhales  an  odour  of  chlorine.  A  similar  product  is  obtained  with  gelatin  wl 
has  been  boiled  for  some  time  with  water.  No  similar  products  are  obtained  by  i 
atituting  bromine  or  iodine  for  chlorine. 

Sovreea  and  phytiolofficed  rdaiionn.  Bone-gelatin  ia  obtained  from  the  folio 
tissues  by  boiling  them  for  a  longer  or  shorter  time  with  water :  from  the  e 
of  bone  (after  oasiflcation),  from  tendous,  the  skin,  calTes'  feet,  harts'  bonu^  i 
the  scales  of  fish,  and  from  the  pennauent  cartilages,  when  they  become  on 
disease  (see  CuoironxN,  i.  930).  The  conversion  of  these  animal  parts  into  gflntin 
proceeds  without  any  eTOlution  or  absorption  of  gas.  Indeed,  a  comparison  uf  tJio 
analyses  of  pur©  gfktin  with  those  of  the  tissues  yielding  it  shows  that  their  ii  no 
chemical  difference  between  the  two,  or  th«t  at  most  they  differ  only  by  a  ffw  n»olr- 
enlea  of  water.  Hence  it  appears  that,  in  the  farmntion  of  gelalin.  the  material  of  tb* 
tissuee  merely  undergoes  a  re-urrangement  of  its  atoms,  or  that  at  moeit  it  on^  !■»• 
iiu]at4Mi  «at«r,  just  as  starch  does  when  converted  into  glucose  by  prolonged  boiliag, 
The  formcition  of  gelatin  from  the  gelatigenous  tissues  ia  Kreatly  fiidlitat«d  by  the 
prt^enre  of  acids.  Scblieper  found  that  the  ossein  of  Ibsau  bones,  the  organic  miS> 
stance  of  which  hud  Iwfn  preserved,  had  been  converted  into  a  gelatinooB  »ubstUK« 
or  into  true  g^lutin.  That  of  diseased  bones  does  not  appear  to  differ  from  aomil 
oaaeio.  In  lie  bones  of  certain  waterfowl,  and  in  the  rios  of  certain  fishes,  Triay 
found,  instead  of  ossein,  an  organic  body  isomeric  with  thjit  substauec.  but  incHp«»Uc  of 
being  converted  into  gelatin  by  boiling.  The  fibrous  tissue  of  embryo-s  does  not  yieU 
gelatin  by  Iniiling  with  water.  It  contains  an  intercellular  substance  yielding  ag^U- 
tiDQUs  substance  and  albumin.    (Scher«r.) 

According  to  J.  Miiller  (Fogg.  Ann.  xxxviii.  31 3 X  the  cornea  contuina.  notgvI«t;B 
but  a  substance  resembling  ehondriu.  In  casejs  of  leucocythemia,  Schoror  fiMUn) 
gelatin  in  th»  blood.  The  tilterwl  serum  of  th^*  pus  from  a  femoral  abaceas  was  foand 
to  t'oiitiiin  t'elatin  {Gm£/in'g  Handbuch,  viii.  [2]  527),  Beef  cootains  l-O  per  ci-nU 
tendinous  tissue  capable  of  being  converted  into  gelatin  by  boiling  witn  watrr. 
(PersseliuB.) 

Liobig  has  remarked  that  gelatin  has  the  property  of  inducing  sacphariflcatioa. 

Gekljn,  and  ti.»»suea  yielding  gelatin,  are  converted  in  the  stomach  into  substaihTS 
which  correspond  perfectly  in  most  of  their  physical  and  chemical  properties  with  the 
peptones  of  albiuninoidsj  but  are  dibtinguishcd  by  the  power  of  tuming  tba  plans  d 
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poliiriwition  of  a  Inminoiw  raj  t©  th<»  left  (p.  824).  Rcady-fonoMl  gelatin  is  more 
riuiily  tnctaniorphcMrad  thjin  connective  tiaeiu>,  and  the  Intter  for  more  rradilj-  tlmn 
ti»ndonH  or  cartiiiige. 

0»>latin  and  gelatinons  tissue  belong  to  the  mo!«t  dipffltible  rabstanccff.  According 
to  Blondlot,  when  *.  dog  wa«  fed  with  100  grmsi.  gelatin  from  calres*  feet,  very  littJei»- 
mainpd  undifisoWed  in  the  stomach  af^er  three  qu&rters  of  an  honr ;  and  in  one  honr 
the  Btomach  was  einpty.  The  same  obserration  waa  made  with  ichthvocoU.  Gelati- 
nouB  tisane,  preriously  boiled,  readily  nndergoea  the  same  chaage.  Pieces  of  leather 
were  not  in  the  slightest  degree  acted  upon  by  fire  days'  digestion  in  a  dog's  stomach, 
{G-mflin'a  Handbiuh,  riii,  (2]  616.) 

According  to  Frerichs.  dippsted  gelatin  lones  on  cooling  the  propertips  of  gt^lutinising 
and  of  being  precipitated  liy  chlorine,  bnt  still  pivcfl  the  characteristic  preoipit-Me  with 
tannic  acid.  The  same  effect  ia  not  prodnccd  by  artificially  digesting  gelatin  with 
•  dilute  acid. 

The  natritiye  qnalities  of  gelatin  hare  been  much  dispnted.  Liebig  ascribes  little 
if  any  nutritive  qualities  to  it,  but  his  experiments  do  not  appear  to  be  quite  condosiTe. 
In  jelltea,  &«.,  it  does  not  perhaps  add  much  to  the  highly  nutritive  properties  of  tha 
•nbtttanees  for  which  it  oBually  genres  as  a  vehicle,  C.  E.  L. 

OSlbATZir,^El»£T.asXA.     Sefl  Glutbx. 

QlSSMtnt%rM  COBVEimc.     See  the  next  article. 

Gi:x.OBE.  (Payen.  Compt  rend.  xlix.  621  ;  Prki*  dt  CUmir  Induttrittle,  4"* 
*d.  ii.  72?. J — A  gelaiinoui*  principle  which  forms  the  ««sential  constituent  of  a  vege- 
table Rubstance  called  Chinese  moss  (thoubsc  dt  Chine),  flr»t  imported  into  Fraiic«« 
from  China  in  18»6.  This  substance,  which  is  found  in  commerce  in  sraall  bundles  of 
long  and  very  fine  threads,  is  said  to  be  obtained  from  several  lichens  growing  on 
trees  in  the  south  of  China,  and  the  southern  inlands  of  the  Philippine  Arcliipehigo. 
It  is  quite  destitute  of  organised  structure,  and  contains  only  0  t>0t)7  per  cent,  of 
natter  soluble  in  cold  water,  and  a  still  smaller  quantity,  viz.  0007  per  cent  soluble  in 
aJcohoL  It  swells  sp  in  cold  water,  and  dissolves  almost  wholly  in  boiling  water,  leaving 
only  a  smull  quantity  (2  or  3  per  cent)  of  axotised  eorpnselea.  The  solution  on  cool, 
ing  coagulates  into  a  colourless  translucent  jelly,  containing  a  quantity  of  water  equal 
to  about  600  times  the  weight  of  the  original  substance. 

This  jelly,  when  dried,  yields  geioM,  a  substance  insoluble  in  cold  water,  alcohol, 
ether,  weuJc  solutions  of  potash,  soda,  or  ammonia,  dilute  acids,  and  ammontacai 
solution  of  copper.  Acetic  acid  of  8°  Bm.  dissolves  it  It  is  soluble  also  in  a  very 
sraall  quantity  of  strong  sulphuric  or  bydroeblorie  acid,  acquiring  a  brown  colour,  and 
gmdmilly  fanning  a  brown  ooagulum,  which  may  be  washed  without  alteration  in  hot 
or  cold  water,  or  in  cauMic  alkaline  solntionn 

Geiose  contains  42770  per  cent,  carbon,  6-776  hydrogen,  and  51-466  oxygen.  No 
definite  compound  has  yet  been  formed  of  it,  so  that  its  atomic  weight  and  rational 
formula  must  for  the  present  remain  undetermined ;  but  it  belongs  to  that  cluw  of 
proximate  principles  which  contain  a  larger  proportion  of  oxygen  than  is  required  to 
form  water  with  the  hydrogen. 

Tiie  species  of  lichen  winch  yield  the  commercial  article  are  not  exiu^tly  known. 
Pnyen  has  examined  several  lichens  with  the  view  of  obtaining  it,  but  lias  only  found 
slight  traces.  On  the  contmry,  he  hns  obtained  it  in  abundiance  from  certain  algv, 
viz.  the  Java  sea- weed  {Gdidium  comenm),  and  the  IHoearia  Uchmoidet,  a  sea-weed 
from  the  Mauritius  ;  in  small  quantity  also  from  severul  European  alge.  From  Java 
sea-weed  it  is  extracted  by  treating  the  plant  in  the  cold  successively  with  dilut« 
hydrochloric  acid  of  002,  or  dilute  acetic  acid,  water,  and  weak  ammonia  ;  washing  it 
thoroughly  to  remove  earthy  and  alkaline  salts  (including  53  per  cent,  of  carbonate  of 
calcium),  and  extraneotis  orgunic  matter;  exhausting  the  residue,  which  contains  68 
per  cent  of  glucose,  with  boiling  water  ss  above ;  and  drying  the  jelly  which  forma  on 
■Cooling. 

Gelww  yields  ten  times  as  much  jelly  as  an  equal  weight  of  isinglass,  and  may, 
therefore,  perhaps  be  economically  used  in  place  of  that  sulwtance.  It  is  true  that  it 
contains  no  nitrogen ;  bat  as  gebtin  is  said  to  serve  rather  as  a  vehicle  for  nntritioua 
matter,  than  as  a  directly  nutritioua  substance,  it  is  possible  that  gclose  may  be  found 
applicable  to  the  isvme  purpoife. 

GBMS,  &RTZrzOZAX.     8m  Unf*  Dictionary  of  ArU,  &c  ii.  328. 

OEVTIAir.  Gmtiana  lutfa, — The  root  of  this  plant,  which  is  abundant  in 
8wit7;eriand,  the  Tyrol,  and  the  Auvergne,  is  cylindrical,  knotted,  of  yellowish-brown 
colour,  disuproeable  odour,  and  strong  bitt*T  ta^le.  The  aqutvius  infuKiou  is  much 
Qsed  as  a  tonic.  The  root  contains  gentiatijc  acid,  a  peculiar  bjtti^r  called  ^nlisn- 
bitter,  uncryf^tallisable  sugar,  gum,  a  volatile  oil,  a  green  oily  matter,  pectic  acid, 
yellow  eoluuricjg  matter  and  cellulose. 
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Gent  tftn-litter  may  be  separated  from  th«  aqueotu  infiiHinn  of  ih«  root  brainm*! 
cluiiTOult  ami  i-xtr&ti-d  tberofpom  by  hot  nJcwhol.  It  u  yellow,  uuerystalliBiAblt?.  mjjJ 
n*«ln(.'f>.«  an  alkaline  cupric  solution. 

Tlie  liquid  from  which  the  bitt-cr  ban  been  extract^  by  anim&l  rharconl  retiun*  ta  . 
HolutioD  a  iHTgeqa&ntity  of  iu)cryf)talliaable  sugar,  aiid  a  substance  which  importa  to  itJ 
B  strong  green  iridescence  or  fluorescence.  (H.  Ludwig.  Arch.  Ph&rm.  [2]  erii.  lS2j* 
Jahre.sb.  1861,  p.  763.) 

GlUrrZAJrzO  AOXB.     C'*H'*0*.     Gentianin,  Gentvnc  aeid,  GmHtin. — An  at. 

pvnic  arid  existing  in  the  root  of  genti&n  ( Gentiana  lutra\  discovered  by  H  f  n  ry  and  J 
Caventou  ( J.  Pbanii.  viL  173),  more  fully  eiarained  byBaumert  (Ann.  Ch,  Pnann.j 
Ixii.  106).     It  is  extracted  by  treating  the  powdered  root  with  cold  water,  to  ivmi/r^ 
the  bitt«r  principle;  then  pressing,  drying,  and  exhausting  it  with  stiong  aleobulg 
distilling  off  the  greater  part  of  t^e  aleohul;  and  treating  the  brown,  resincu*.  rerj 
bitter  rwsidue  with  water,  which  wjxiratea  light-hmwn  flak«!  containing  gt>atiAuii 
acid,  a  resin  similar  to  caoutchoitc,  a  futty  flubstanee,  and  a  bitter  priiicipl«*.     1  hr;- 
are  treated  with  ethiT  to  remove  the  fat,  and  thi'n  dis+wilved  in  alcohol,  which  Icavm  i 
evapomtion  a  cryMtalliue  mase,  still  bitter,  and  mixed  with  resin.     By  repeated  cr 
tallisation  from  alcohol,  thf  gentijinie  acid  is  ol'tain^d  in  needlcB,  quite  tasteli-**,  i 
having  a  light-yellow  colour ;  10  kilogrammes  of  the  dried  root  yield  only  3or  4  | 
of  pure  gentinnic  acid.     (Baumert.) 

(tentiuuic  aeid  crystallises  in  slcndiT  needles,  which  require  36'30  pta.  of  witev  i 
16'^  C.  to  dii-solvt!  them.     It  is  more  soluble  in  ethfT,  and  still  more  in  boQing^  ala>bc 
The  solutions  are  n<>ntral  to  TfgetaLle  colours.     It  is  also  very  soluble  in  alkalis,  i\ 
jsiuall  quantity  i>ufficing  to  impart  a  goldt-n  tint  to  an   alkaline  liquid.     It  coulj 
aerording  to  Baiimfrt's  analysiR,  6o-06  per  cent  C,  4*12  H,  and  30*82  O, 
nearly  with  the  formula  C"H"0». 

Gontianic  acid  is  unalterable  in  the  air,  and  m<iy  be  heated  to  200*"  C.  with 
tbxwmposing.     Between  300°  and  340*^  It  sublimes  purtially  in  j-ellow  needlca,  1 
greater  part,  however,  becoming  carbonised  and  emitting  a  peculiar  odour.     It  i«  L. 
•ttnekm  by  liydrochloric,  acetic,  sulphurous  or  dilute  sulphuric  acid  ;  strong  »t</^woM 
fl«rf  dissolves  it  with  yellow  colour.     A'itric  acid  of  specific  gravity  1-13,  £ire«  froqif 
nitrous  acid,  diFsolvea  it,  forming  a  grei  n  solution  from  whicli  wat«r  tJiruWB  down  a 
green  powder,  con«isting  of  dinitrogentiunic  acid,  C'*H*(NO*)*0*  +  H*0.     TLia 
acid,  in  contact  with  alkidis,  aPHumes  a  fine  chrrry  colour,  even  the  aramonia  iothtj 
air  mflBcing  to  produce  it  in  a  certain  degree.     When  gentianic  arid  in  ndib-d  by  HmaQl 
portions  io  fmning  nitrie  aeid,  the  violent  action  being  f«ch  lime  allowed  to  »t)1>*| 
fide  before  a  fraah  portion  is  added,  a  solultou  is  obtained  from  which  water  pr»ripw  I 
taten  a  yellow  crystalline  substance,  probably  coasi&ting  of  trinitrogentianic  aeii^  l 

Chhtrine  passed  into  nn  alcoholic  solution  of  gentiantc  acid  throws  down  li^ht- 
yellow  flocks  containing  chlorine.  1 

Owtianic  acid  decomposer  alkaline  carbonates.     The  genttanates  of  the  afkaii-  1 

metah  are  solubip  and  crystiiUiHc  in  needles,  but  do  not  appear  to  be  of  constant  coio-  .^^J 
position.  The  barium'salt  forms  an  orHnge-coloured  flocculeat  precipitate,  contAiniug ^^H 
C'li^Hn'O*  +  H'O.  T\i!f  had-mUia  also  an  orange-coloured  prrei pi tate,  obtained  b/^^^ 
adding  genf  ianic  Acid  mixed  with  ammouia  to  oeatral  acetate  of  lead  :  it  oontains  ' 
C'*H»Pli'0> .  PbHO. 

Oentianic  acid  forms  green  precipitates  with  cuprk  salts,  brown  with  Jtrric  B«2t%J 
and  reduces  salts  of  sUoer, 

OESTTXAJTXH'.    Sj-n.  with  Gbntiawic  Aero. 

GEOCERAnr.     A  wHxy  body  isomeric  with  geoccric  add. 

OSOClsxxc  AC«»,— C»H»*0»  ?  (L.  Bracknor,  J.  pr.  Chem.  IviL  1;  Jah.. 
18.'i2,  p.  647). — A  waxy  acid  pijnil.tr  to  and  perhaps  identical  with  cerotic  acid,  L_ 
tttiiK'd,  together  with  other  waxy  and  rrsinous  substances,  from  some  peculiar  kind*  of  ^ 
earthy  lignit<-  fuund  at  Gt-rstewitz,  near  Weiasenfels, 

A  yellowisli-Lrowii  variety  of  tlic  lignite  exliausted  with  ether  yielded  by  erapon*  j 
tion  u  ypllowi«lii-brown  residue,  conrisliiig:  1.  Of  a  resinous  subntanoe,  lencopelrtiv| 
C^H*=0>,  insoluble  in  alcohol  of  80  per  cent,  but  slightly  soluble  in  toiling  absotalv  • 
iilcoliol,  whence  it  crystalliaea  in  tufted  group  of  nei-dlea,  melting  above  100°  C— 
2.  Of  waxy  and  resinous  substiinoes,  soluble  in  boiling  alcohol  of  80  per  ct-at.  Oue 
of  these  latter,  precipitated  from  the  oonccntrjited  and  cooled  ali-oholic  »>lii- 1 
tion  by  lilcoholic  acetate  of  lead,  sepaiiitod  from  the  lead  precipitate  by  rtning  aoetie  J 
acid,  and  recrystallised  from  alcohol,  formed  smnll  needles-  It*  solution  yielde*!  aJ 
dirty  green  precipitate  with  cupric  aci*tute  ;  its  ammoni;ical  solution  gave  off  all  tlisj 
ammonia  on  evuporatiou.     Bi-iitkiicr  ajssiigus  to  the  Bubstuiicc  whirU  ujiitca  wilJi  llul 
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in  thrne  salta  the  formula  C^H^OP,  Hnd  catla  it  georetic  acid. — 3.  Ths 

'  filtrate  from  t\w  li-ad  prw:ipitate  eontained  two  Tttsiaa,  one  of  which  separaU-d  by  ilow 

L-vajKinitii-n  la  the  pulveruliait  fonn,  and  exhibited  the  cotnpontioD  C^R^O^,  aod 

the  other  sepAmted  aft^er  farther  ovaporation  a*  a  soft,  tough,  brown,  transparent 

■oaM. 

The  aame  Tariety  of  the  lignit*  subjected  to  drj'  distillation  gave  off  a  hirgp  quantity 
cf  illuminating  gaa  and  white  vapours,  which  at  firet  oondeneed  to  an  oily  liquid, 
ufterwardH  to  a  buttery  mass,  the  solution  of  which  in  boiling  alcohol  of  &)>  per  oenL 
yielded  on  rooling  a  combuHtible  cryatailine  mikstance,  geocerinone,  C"*i/"*C,  or 
"C**H'  •O,  the  acetone  of  geocerie  acid,  which,  when  purified  by  recryBtalliaation,  exhi- 
bited microcMyjpic  nii-sided  plat««^  melted  at  &0^  C,  waa  not  altered  by  aqueoos  potaah, 
bat.  wha  t^inveruxl  by  chiomie  add  in  the  naacent  state  into  a  waxy  acid.  The  alcoholia 
liquid  iroia  whit:h  the  geocerinone  had  separated  retained  an  oil  in  srilution. 

A  dark  brown  viiriety  of  the  lignite,  freed  firom  georetic  acid  and  other  resins  by 
exhaustion  with  cold  alcohol  of  80  per  cenL  j-ioldcd,  on  saheequent  boiling  with  the 
Mune  aloohol,  the  following  substances :  1.  The  hot-filtered  alcoholic  liquid  deposited 
on  alight  cooling,  a  pulverulent  substance^  geomyricin.  C^H^O*,  or  C*H"0',  which, 
however,  wna  obtained  in  greater  qnautity  when  tlie  resin,  after  sxhanstion  with  cohl 
alcohol  of  80  per  cent.,  was  boiled  with  absolute  alcohol  After  several  recrystrtUisia- 
tions,  it  formed  white  pnlverulent  miutsea  of  micro»copic  capilkry  crystals,  m«lting 
between  80-  and  83°  C— 2.  The  still  hot  alcoholic  liquid,  filtered  from  the  geomy- 
ricin, heated  to  the  boiling  point,  and  miied  with  a  hot  alcoholic  solution  of  Jic4'tate  of 
lead,  deposited  the  le«d-Sjtlt  of  geocerie  acid,  which  was  extracted  therefrom  by 
strong  acetic  add,  and  purified  by  recrystallisation  from  alcohol  This  add  may  abso 
be  obtained  by  i<uponifying  the  waxy  bodies  cont.Mined  in  the  alcoholic  decoction  of 
thf  lignite  with  potash,  decompoeing  the  soap  with  chloride  of  barium,  and  the  pori- 
fi«il  barium-aalt  with  acetic  add.  It  dissolves  readily  In  hot  alcohol  and  separate* 
almost  completely  on  cooling  in  the  form  of  a  gelatinous  maMs.  It  melts  at  82°  C. 
Briickner  expresses  its  composition  by  the  formula  C*'H^O\  or  CH*^',  and  ob- 
wrvea  that  it  ctoeely  reaemblea  cerotic  acid,  C*'H*'0*. — 3.  The  liquid  filtered  from 
the  predpitate  of  geocerateof  lead  contained  in  solution  a  neutral  wax,  geocoriii'n, 
iMjmeric  with  geocerie  aind,  which  aepamted  fkim  the  hot-filtered  liquid,  on  cooling, 
in  the  gektinous  form,  and,  when  punfied,  melted  at  80"  C- 

OBOCBKZXrOWB,  C"H'^*0.— The  acetone  of  geocerie  acid,  obtained  by  dry 
di>tilliition  of  either  the  yeUow-brown  or  the  dark  brown  ^-ariety  of  the  lignite  vf 

\V'<isS.rllt\>ls. 

OSOCAOirZTB.     (Diiiia,  ii.  85;  Gm.  iv.  176.)     A  native  sulphantimonito  of 

lead,  SPb"S.Sb-S',  or  L.  »,',  J  S*,  from  the  silver  mines  of  Sala  in  Sweden  ;  alw>  fonnd  in 

Oallicia,  at  Meredo  in  Spain,  where  it  forms  nodules  in  galpaa,  and  in  the  Valley  di 
CaBtoUo,  near  Pietro  Santo,  in  TuBca.ny.  Usually  ratvscivc.  but  sometimes  in  crystals 
belonging  to  the  dimetric  system ;  also  granular  or  earthy.  Specific  gravity  64  to  6  5. 
Hardness  =  2  to  3,  Lustre  metallic.  Colour  and  streak  from  fight  letid-grey  to  greyish 
bine.  Ftsetore  nneven.  Crumbles  easily  and  soils  tJic  fingers.  Fnscs  readily  before 
the  blowpipe,  giving  off  fumes  of  antimony  and  sulphur,  and  colouring  the  charroal 
jelkw,   A  variety  called  Kdbrickmite,  from  Killtricken,  County  Chtre,  Ireland  contains 

<  at.  leMl  to  1  at.  antimony ;  6jPb"S.Sb'S»  or  [g^Ql  j  S» 

Geocrtmiif. 

f T  *■                            ^        KOhrfeJUmitt, 

From  Sa]&  Prorm  Meredo.  From  Tuicaajr. 

STaobcrg.  &tu«aKf.           Kentdt.             AfMn. 

Sulphur    .....     16-26  lfl'90            17-82            16-8« 

Antimony         ....      9-58  ICOO              9-09            14*39 

Arsenic     ..        ...       4-69  ,   .                 4-72 

I^ad 66-45  6489             66-65            68*87 

Copper 1-51  160               113 

Iron  and  Zinc ....      Q-63  .   .     Iron     1  72              0*38 

98-02  99-39           loFIS           100  00 

OSOBX.  A  rounded  noi!ule  of  stone  containing  a  cavity  usually  lined  with  ciyatala : 
geodec  frpquently  consist  of  lignite,  chnlcedony,  &c. 

OSO&OOT,  CStinCZSTAT  OP.  Since  the  sorerance  of  geological  scicocei, 
properly  flo-fiilled,  fpiim  the  !<piH>ulative  systems  of  cosnjogpiiy,  with  which  it  WM 
ntworiateil  up  to  th«*  comrncnremcnt  of  the  prew-nt  century,  iti<  derelopinrnt  has  been 
materi»l]y  nided  by  the  .ipplieation  of  the  knowledge  acquired  in  other  departmenta  of 
ree«trcb,  to  the  critical  exaiiiinution  of  gt-ological  phenomena,  and  to  the  elucidation  of 
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th«  T«n<*i»  pfolikirm  •n^f^^tM  bj  thrtn,  afl  to  the  Mode  im  ^nck  wodm  «d  rtwti 
havebwrnioniieaorait^nJfhm  theiForigiaalcooditioMw  I»  bt^B  ■•  Ii«*i ■  iipw ili  1 
M  the  o>j«t  of  RToloKj  to  diMsoTcr  how  th«  Mzth  oriMBted,  iMt  fwly  to  mti*  ' 
thr  hutorr  of  it«  exiotmce  and  duagM.  it  is  rridcot  tkat  tito  iwmds  tt 


rrmuted  that,  aa  an  hutorian  ahonld  be  at  <»oe  ptotcmndij  aanaaiiitad  viA  dl 
hranchea  of  knovledge  by  vhiefa  aoy  imigbt  into  hmnaB  ■&■■,  or  iato  tka  Monl  aii 
intcUwtoal  nature  of  man,  ean  be  obtained,  ao  "  it  vodU  be  so  hm  daanaUe  Atf  a 
gedogist  ihoold  be  wM  retsed  in  diemiitiy,  natmal  philowiply.  mI— alngy;  aBalo|r, 
comparatiTe  anatooT,  botany;  in  abort,  in  croy  adcnee  nbtng  to  «qgvie  aidB* 
ocwiie  natnrp."    (Ifefft  PrimdfU*^  p.  2.) 

^ia  ncceaaitj,  noir  fully  admoaic^cd  by  all  geokpata,  bM  ben  BnwpKiil  vilb  It 
a  kea  extent  in  the  case  of  chnniitrf  than  in  an^  other.  And  y«t  it  ia  bam  dMMBkj 
alrae  that  dma  ean  be  obtained  iHiieh  will  admit  of  eocreet  eoneftMiaaa  bci^K  fenaea 
aatomanygeologieal  phenomena,  aoeb,  for  inetanee,  aa  the  innwHoB  — d  altoiitiBa  rf 
rodca  and  atrata,  or  of  the  indiTidnal  minerab  of  whieh  they  aie  eourtituted.  Fkkrli 
thr  latter  part  dt  lant  centaiy.  chemistry  whs  not  in  a  position  tofnndah  tbe  ■eeeHoy 
data  for  the  interpretation  of  geological  fiurta,  and  the  optniona  of  |ecdog;iata  with  icgaid 
to  the  formatioD  and  alteration  of  rocks  and  strata  eonformed  to  one  or  othv  «f 
two  extreme  riews,  according  to  which,  on  tbe  one  hand,  ereiything  waa  au^puaed  te 
hare  been  produced  by  Are,  while  on  tbe  other  hand,  ereiything  waa  suppuatd  te 
bare  been  pn^dnced  by  water.  These  two  opposite  doctrines  were  ei]iiaUy  adopted. 
without  any  inrjTiiry  being  made  as  to  bow  far  the  nature  of  particniar  rocks  or  Buaaib 
might  be  consistent  with  the  opinion  that  they  had  been  prodneed  by  the  ageacy  <f 
ftre  or  of  watT.  Thus  granite  and  all  similw  crystalline  rocks  were  reiy  gennaDj 
regarded  as  having  acquired  their  present  condition  by  the  crystallisation  d[  awhed 
maHfw» ;  bat  in  granite  it  is  alwars  found  that  quarts,  the  least  fuible  of  its  thirt 
coDstituent  minerals,  appears  to  hare  been  the  last  to  crystallise,  while  fel^ar.  tbi> 
most  fnsible  of  them,  appears  to  bare  ciystallised  flnt,  the  oystala  of  felqwr  Wins; 
imliedded  in  those  of  mica  and  quartz.  In  syenite  and  other  erystalline  qmutiur 
rocks,  as  well  as  in  granite,  the  quartz  is  fband  to  be,  as  it  were,  the  matrix  in  which 
the  ciTStals  of  tbe  <^er  more  fbsible  minerals  are  imbedded :  hence  it  would  appear 
that  the  constituent  minerals  of  these  rocks  were  not  crystallised  in  such  an  araer  of 
suceessiou  as  would  be  indicated  by  their  relative  degrees  of  fhsibility,  and  aa  migfat  be 
expected  if  they  were  of  igneous  origin. 

Oranite  dykes  and  reins,  not  more  than  an  inch  or  two  thick,  and  aometimea  as  thin  a* 
paper,  are  frequently  met  with  trayersing  and  extending  into  other  rocka,  which  aait  haie 
been  yery  intensely  heated  if  these  veins  were  injected  in  a  melted  state  ;  but  genenllj 
speaking  the  strata  in  which  such  veins  are  found  do  not  present  any  indiottioat  ti 
having  been,  at  any  period,  intensely  or  at  all  heated,  nor  is  there  at  the  lines  of  contact 
between  the  granite  veins  and  the  sunounding  rock  any  indication  of  the  action  of  heat. 

These  £M;ts,  and  many  others  of  a  similar  nature,  are  quite  irreccmcilable  with  the 
opinion  that  zranite  has  in  all  cases  been  formed  by  igneous  action;  and  if  they  do  not 
'  prove  that  it  has  not  been  so  formed,  they  at  least  open  a  wide  field  of  inqaiiy  as  to 
the  conditions  under  which  granite  has  been  produced. 

The  various  kinds  of  porphyritic  lava  furnish  another  instance  in  which  the  eks- 
nuTters  of  the  minerals  ttiey  contain  are  inconsistent  with  the  opinion  that  these  rocb 
were  formed,  as  they  now  exist,  from  melted  masses.  These  rocks  are  undoubtedly  of 
yoI(»nic  ori^,  but  the  important  &ct  with  regard  to  them  is,  that  they  are  all  of  my 
remote  ori^n,  far  anterior  to  the  historic  period.  Oonerully  speaking,  the  lava  of  mon 
recent  periods  is  either  amorphous,  or  if  it  be  of  ciystalline  texture,  it  rarefy  pment* 
imV>cdaed  ciystalline  minerals  of  any  size  or  symmetry,  so  as  to  have  a  porphyritK" 
character.  It  is  only  in  the  most  ancient  products  of  volcanoes  that  such  ciystaU  of 
wpmerite.  gnmet,  leurite,  and  resuvian  are  met  with.  A  variety  of  drcninstanc^ 
connected  with  the  relation  those  minerals  bear  to  others  with  whieh  they  are  associAtfd 
in  these  rocks,  all  tend  to  the  conclusion  that  they  have  ))een  formed  subaequpntly  to 
the  solidification  of  the  lava,  and  not  at  all  imder  the  influence  of  heat. 

The  existence  uf  hydrated  minerals,  such  aa  zeolites,  in  some  rocks  may  also  be  re- 
garded as  evidence  that  those  rooks  have  not  been  formed  by  igneous  action,  or  that 
they  have  undergone  some  considerable  alterations  by  other  means  subsequent  to  their 
formation.  Thus,  for  instance,  no  zeolites  are  found  in  lava^  bat  in  many  kinds  of 
basalt  they  are  very  abundant. 

Iron-pyrites  is  a  very  fluent  constituent  of  most  ciystalline  rodcs»  bat  this 
mineral  is  decomposed  by  a  red  heat.  Its  occurrence  likewise  in  almost  ereiy  varifty 
of  sedimentary  rock  is  clearly  indieatiro  of  its  formation  without  tbe  agency  of  \tn\ 
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and  ItrnAa  probability  to  the  »amt  mode  of  formation  in  civiitalline  rook*.  It  Jt  there* 
fore  ntfceaiMry  to  absUiu  froai  refrardingcrystallioe  minenJ*.  occurring  even  in  volcanie 
rodu,  aa  being  products  of  fuoion,  or  from  ngarding  their  occurrence  in  buc h  rocka 
as  evidence  of  thrir  formation  in  th«t  way;  and  it  is  itiU  more  neceawuy  to  abetain 
from  OTQcluiiing  that  rodm  whose  gfomostic  relations  indicate  on  eruptive  origin  wera 
originally  in  the  same  oondiUon  that  tn«y  exhibit  at  rbe  pTewnt  time. 

The  clam  of  rck-k9  com|.(rtsed  under  the  geneml  term  of  metaxnorphlc  rocka, 
bave  always  fiinilshpd  wide  scope  for  apeculation  aa  to  the  mode  in  which  tliey  hare 
acquired  their  present  condition.  These  rocka,  proseutin^  evident  signa  of  atratification, 
fossil  n•mai^l^  and  aometimea  all  the  features  of  aedimentary  strata,  also  poesesa  a 
structure  more  or  lora  crystalline^  and  sometimes  a  general  cbaraeter  ao  cloaely 
rosombliLg  that  of  massive  crystalline  rucks,  :U'  to  be  diatingutshubla  from  them  only 
bv  retaining  faint  aigns  of  stratiflcotion  which  reveal  their  sedimentary  origin. 
lieiioe  it  haa  been  irapoeaible  to  overlook  the  fact  that  the  present  condition  of  these 
rocka  haa  been  broogat  about  by  the  alteration  of  sedimentary  struts.  Very  remark- 
able theories  of  metamorphism  liave  at  various  tiaaea  been  pfupouuded,  in  which  fire 
and  Water,  presaure,  electricity.  a»d  mugoetism  have  been  made  to  perform  strangely 
incoherent  and  unumalous  functions ;  bat  it  is  only  quite  lately  that  any  attemptahave 
been  made  to  tmcc.  ns  it  wore,  the  variotaa  atagea  of  metamurphiam  in  xtueka,  and  by 
ascertaining  whut  rainoralc^cal  and  chemical  mffereocea  accompany  these  varioua  de- 
grees of  ult*rati\.ti,  to  obtain  a  baaia  on  which  to  found  some  gciu-rul  view  with  regard 
to  the  m»^rttTiiorpUi!<m  of  rocka,  that  ahall  be  conaistent  with  observed  facta,  and  with 
n>cogui«ed  principleis  of  chemistry  and  physics. 

Among  IJie  facts  which  have  contributed  to  afford  evidence  of  the  extent  to  which 
eliemicai  action  is  concerned  in  the  formation  and  alteration  of  rocks,  the  phenomena 
of  paeudiomorphiam  and  petrifaction  have  been  the  most  important.  Pseudomorpha 
are  mineralB  presenting  dc£nit«  crystal-formH  which  do  not  beloag  to  the  subntttnces  of 
■»+iich  thofto  minerals  now  consist,  but  to  other  subatancea  which  have  either  wholly 
disappeared,  or  of  which  some  fntgments  atill  remain.  Paeudomorpha,  though  prv^ 
aenting  an  outward  fry  st  id -form,  are  not  really  crystals,  but  merely  aggregates  of  tha 
aubstances  which  hare  been  produced  simultaneously  with  the  destruction  of  those 
whose  outward  crystal-form  they  preaenL  In  like  manner  petrified  or  foaail  organic 
rvmAina  are  abundantly  met  with,  conaiating  of  a  variety  of  aubatancea,  such  aa  carbo- 
Kitc  of  calcium,  the  sulphates  oT  bariom,  calcium,  and  struntium,  fluoride  of  calcium, 
i^uurtz,  opal,  talc,  sosquioxide  of  iron,  the  carbonates  of  zinc,  le:id,  itnd  iron,  black  oxida 
of  mniigvineae,  phosphate  of  iron,  iron  and  copper  pyrites,  the  sulphides  of  lead,  zinc, 
Clipper,  and  mercury,  metallic  copper,  chlonte,  &c.  Here  the  organic  «\»b«tjinei», 
or  tae  matoriai  of  the  bony  or  shelly  stnicturea,  has  been  removed,  while  in  their 
place,  and  with  their  fonUj  some  one  or  other  of  the  above-named  substances  have 
Men  aubatitJjted. 

The  altemtioiia  recognisable,  to  a  greater  or  less  extent,  in  many  mineral*  are 
perfectly  onalogcius  to  those  presente<l  by  pseudomorpha  and  pttrifaclions.  and  this  ia 
equally  true  whether  it  be  an  i.«»lated  crystid  of  a  mineral  that  is  altered,  or  whether 
the  altenilion  haa  taken  plmv  throughout  an  extensive  roa«w  of  nx*k  consisting  of 
minute  crystals  of  that  minenU  or  merely  ainorphous  maiaes  of  it.  In  the  tatter  caae, 
the  tndicatiODB  of  the  change  which  Ima  taken  place  cannot  be  traced  as  in  a  large 
well-definetl  crj-stal,  but  the  clue  to  the  rral  nature  of  that  chjinge  may  be  obtained 
frcm  the  study  of  the  more  appar»;nt  instjince. 

Strictly  apeaking,  it  may  be  impossible  to  pay  whether  any  p-nrticubir  mineral  in 
really  in  a  nomml  coadition  of  integrity,  or  whether  it  has  not  undeigone  some  degree 
of  altemtion.  The  analysis  of  minemla  almost  invariably  indicatea  the  preaence  of 
Tniniite  quantities  of  substances  not  belonging  to  their  chemical  conatitution.  Thcaa 
aubstances,  regarded  aa  foreign  or  accidental,  are  often  deducted  in  calculating  the 
chemical  furmulv.  Thus  for  instance,  aniialuaite  is  reasonably  considered  to  be 
anhydrous  dilii-ate  of  alumina,  but  all  analysett  of  this  mineral  indicate  the  presence 
of  potaah,  lime,  magnesia,  the  oxides  of  iron  and  nmni^anese,  aud  wat<?r.  If  these 
aumtancea  are  merely  accidental  adinixturea,  that  variety  of  anJalusite  which  eontaina 
the  smallest  amount  of  them  will  be  nearest  to  its  normal  condition. 

The  alterution  of  minerals  is  aa  extremely  slow  process.  The  material  changep 
ppooreas  »o  gradually  aa  to  be  chemically  recogtii^able  only  after  th*'  lapse  of  long 
penoda.  Andulujsite,  for  example,  is  known  to  undergo  cunveraion  into  mica,  in  which 
change  oartnf  the  alumina  ia  removed,  while  potash,  maKne«ia,  and  ferric  oxide  ore 
introdueetlinita  place;  hence  it  maybe  inferred  that  this  mineral,  bji  usually  met  with,  ia 
already  in  a  state  of  incipient  alteration.  Andaluaite  alao  tmdergoes  converiiion  into 
ateatite,  in  which  change  the  whole  of  the  alumina  ia  abatracted,  and  longoeaia  aub> 
atituled  in  its  place. 

This  example  will  5ui!ice  to  show  the  importance,  in  a  geological  point  of  vi«w,of  tba 
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irnmite  qttunljtips  of  mibstonwii  present  in  niirwriila.  TIh-s*  tuxjiiiK'  signtficMiee  wb«il 
i-onipiirt'tl  with  the  constituents  of  tho  pwuilomorphs  n«nulting  fr«ni  the  a]ti>ratidin  of 
luineruls  in  which  rnich  adventitious  substancoft  are  found.  Tln'Y  fh«»n  nn  tnn^fr 
appear  amdenfal.  but  indicative  of  the  transition  of  one  mint-m!  Int-'  '"■'•y 

pliice  dearly  before  us  the  progressive  nafurp  of  those  chjinjfes,  who've  n  lU 

lire  ret:ogris;ibk'  more  obvidusly  in  pseuilomorphs,  and  show  that  thowe  o...^.. .;.- ..!.  of 
n  mincnil,  winch  in  «  minimum  projKirtion  are  regarded  ma  ACCtdfOtjiJ,  ni»j  ilJLimAt«lj 
in  A  muxinuim  profortioti  become  e«<ential. 

There  ciin  be  no  doubt  that  the  rhemical  .inalyi«i>  of  mincrnlo  -wnnld  acqolrie »  mdcfa 
higher  rolue  if  its  object  were  net  merely  to  est:\bli»h  chemioiil  fonnalae,  hift  alw  to 
elucidiitp  the  formation  of  minend*.     The  fact  thnt  one  minernl  may  af  i  "    fh« 

oitward  form  of  another  totally  distinct  mineral  hiis  been  sufficiently  w  .1 

by  miuemlogisfs,  and  it  n'omina  for  eheraista  to  traee  the  proce^ws  by  wlu.  u  .  -. 

tinn  of  the  one  into  the  other  may  take  place.     Time  being  so  essential  an   <  i 
in  the  processes  by  which  these  changes  are  effected,  it  iis  not  to  be  expected  tL^r    !i  y 
can  be  exp<iTimentiiilIy  studied;  so  that  the  only  coxirse  is  to  ascertain  by  analpn  the 
increase  of  the   uon- ease ctiivl,  and  the  decre;is«  of   tho    essential   coastittienea  of 
njineral,  until  a  point  is  reached  at  which  tlie  one  takes  the  place  of  the  other. 

These  processes  may  be  considered  to  consist  either  in  the  direct  conTeniicMi  «i 
one  mineral  into  another,  or  in  the  pr<:)duction  of  a  senes  of  gradaLional  chang^H 
foraiahiDg  minerals  more  distinct  from  the  original  ones,  and  more  resembliiie^^^| 
Anal  product  of  the  alteratioa.  Thus,  magnetic  iron  ore  may  be  directly  conTertednl^l 
ferric  oiide,  while  in  tho  case  of  imore  complex  minerahi,  such  as  silicates  eontainin|; 
seToral  bases,  there  would  be  a  long  series  of  transitions,  as  in  th«  alteration  of  mr- 
dierite,  terminuting  in  the  formation  of  mica,  the  mineruls  f:ihlunite,  ehloropbjUite, 
lionf+ilorfRte,  esmurkite,  oolite,  weisjnte,  praiieolite,  |^gfl.ntolit«  and  pinite  are  pseadiv 
morphons  minemlfl,  representing  the  different  stages  of  alteradon,  and  hcfnoe  they 
cannot  be  regarded  as  individual  mineral  species. 

With  a  knowledge  of  the  substances  removed  and  introduced  at  *ny  ^tage  of  ra^h 
alterations,  it  may  l)e  possible  to  arrive  at  some  conclusions  as  to  the  meAiu  by  vhifh 
those  alterations  have  been  effected,  which  could  not  otherwise  be  accessible.  It 
would  not  perhaps  be  possible  to  effect  the  conversion  of  BUgite,  olivine,  or  ham- 
blende  into  serpiiDline  experi  men  tally;  but  when  BerfN?ntine  is  fonnd  with  the  form* 
of  those  mineruls,  thiit  fact  may  be  taken  as  evidence  that  such  a  conrernon  hH 
taken  place. 

II' it  be  ascertained  that  a  OTBtalline  mineral  may  nndergo  conversion  i'l^i--  •nrtfUwf 
mineral,  which,  as  a  pseudomorph,  prest-nts  the  cryatal-forni  of  the  ori.  r,I, 

it  may  bo  safely  inferred  that  the  former  mineral,  in  an  smonihons  c«.i  .lit 

uniierpo  the  .same  alteration.  In  pucha  case,  however,  the  indicatirin  affjnirii  bj  lU 
cry^tuUin**  form  of  the  ori>j;inrtl  mineral,  as  to  the  origin  of  the  product  of  «lt»'ratiwiv 
would  be  wanting.  So,  benides  the  positive  evidence  afforded  by  psendoniorphs,  tbnr 
also  funiish  the  probability  that  similar  alterations  may  have  taken  place  in  umorphon* 
»n:i88e8  without  their  belu^  recognisable.  Thus,  serpentine  may  haro  J^^rt-  '•"  ^-tm 
instances,  formed  by  the  altenition  of  amorphous  rooks  posse«siDff  the  -f 

aagite,  olivine,  or  hornblende;  and,  on  the  other  hand,  minerals  whii  ,  >», 

hiive  an  individual  crystaliini*  form,  may  in  some  instances,  where  they  o«cuir  with 
their  proper  form,  liave  been  formed  by  the  alteration  of  amorphous  maaaes. 

In  seeking  to  arrive  at  a  knowU^djrf*  of  the  mt-anfl  by  which  these  gradoaUj  progniwV 
Hltemtions  of  mineruls  and  rocks  Hri>  effected,  it  is  necessary  to  take  into  arroust  * 
vitriety  of  influences  which,  fhonj^b  infinitesimal  in  themselves,  within  ordisaiy  pe^oii 
of  observation,  are  neverthelcfis  capable  of  producing,  by  long  continuance,  effects 
M'hich  appear  at  first  (tight  disproportionate.  Chief  nmong  these  are  the  afti*7n» 
exercised  by  water,  and  by  the  substances  it  contains  in  solutioii,  upon  the  minerals 
and  rocks  with  which  it  comes  in  contact 

The  water,  falling  as  rain,  penetrates  rocks,  and  yields  up  the  tntygen  and  eaitMnic 
acid  it  contains  to  siibst.inces  capable  of  combining  with  them.     It  also  extracts  fr«« 
tho  rocks  it  traverses  such  substances  us  are  solnblo  in  water  alone,  or  by  the  aid  of 
carbonic  acid.     In  some  cases  water,  penetrating  to  great  dppths,  meets  with  enbt?r* 
ranenn  aouh'pa  of  erir1>0Dic  acid,  by  abwrhing  which  its  solvent  capability  ia  greatly 
increaaed.      The  chief  conjifitnents  of  all   rocks,  excepting  limestone,  dolomite,  ii»<J 
gypsum,  are  silicate's,  contaim'jig  alumina,  mitgnesia.  the  oxides  of  iron  and  inangani-««v 
and  alkalis.     The  action  of  water  upon  these  compounds  consists,  not  merely  in  soto* 
tion,  but  also  in  the  decomposition  of  the  silicates  by  the  aid  of  the  carbonic  acid  it 
contains.     The  porosity  of  rock?,  which  such  a  penetratjon  of  water  prf------    . --   ;«  3 

very  sener,d  character  even  of  the  must  compact  rocks.       hi  b;t.««U,  for  •  <ll 

twlin'y  spotti  jiitf  oAen  found  in  the   interior,  consistiug  of   hvdratcd  -  •  n, 

and  in  some  casea  cai'lwnitfe  of  calcioni  is  minutely  disfeniinatetf  throughout  the  entire 
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Tnasa  of  a  compact  basalt  Both  tittue  mh^axKa  must  be  rpgarded  as  resultiog  from 
the  decumpodMoa  of  the  eilicates  of  iron  aod  caldom  existing  iu  the  banalt,  by  caz^ 
booic  add  and  oxygen  oonTeyi>d  into  it  bj  wattr. 

Silieati'  of  ralritun  is  readily  diwompoaed  both  by  solutions  of  carbonic  noid  and 
alkalinp  «»r1ioaate£,  but  silieato  of  magnenura  is  not  d(vorn[iijsf d  by  either.  This  rery 
dJffi'trnt  iK'haTioitr  of  the  silicates  of  earths  otherwise  so  analogtiiis,  is  of  considerabla 
gpologicrtl  Impfirtance,  and  serres  at  once  to  account  for  thr  well-know-n  farts  of  the 
»«»dy  disint^pration  of  rocks  containing  silicate  of  caldnm,  and  I  he  eitrenu'  durability 
of  tboeie  containing  silicate  of  magnraicm.  It  also  ex}>l:iinH  why  steatite  and  talc, 
consistitvg  in  their  purest  forms  only  of  Hilioate  of  magneiiiujn,  iire  among  the  inost 
analterable  minouls,  and  why  they  so  often  appear  as  the  final  products  of  the 
alteration  of  minenJu. 

The  decompoviition  of  silicate  of  mkinm  by  alkaline  rarbonatos,  und  the  frequent 
presence  of  the  latter  in  the  wuter  percoiarin^x  through  rooks,  affbni  n  clno  to  the  con- 
version of  weraerite  into  raicA,  &  change  consiating  merely  in  the  substitHhion  of  potAsh 
for  lime.  In  like  manner^  most  of  the  alterations  indicated  by  paeodomorpha  may  b« 
traced  to  reactions  between  constituents  of  the  original  minerals  and  alkaline  carbo- 
nates, Jicid  carbonate  of  calcium,  or  carbonic  noid,  mibetanees  which  or?  reiy  commonly 
present  in  water. 

Of  the  sttbtftanccfl  present  in  water,  some,  such  as  earthy  carbonates,  are  no  doubt 
derired,  by  direct  solution,  from  rocks  with  which  it  comes  in  contact;  bnt  there  are 
others,  such  as  the  alkaline  carbonates,  which  do  not  exist  in  any  rocks.  Such  sub- 
stances can  only  be  supposed  to  oiiginate  from  the  decomposition  of  minerals  contained 
ir.  the  rocks;  and  wh«»u  water  containing  earthy  or  metallic  carboMatca  issues  from 
rocks  consisting  wholly  of  siLcatea,  it  is  probable  that  those  carbonates  are  alao 
■ierivod  from  the  mmemls  contained  in  the  racks,  by  decomposition. 

The  uniformity  in  the  c^haract^rs  of  the  water  of  mineral  springs  shows  that  such 
ptocec««8  of  iiltemtioQ  are  oontinuous  and  of  considerable  magiiitu<&.  As  illastrations 
of  the  effects  of  such  decomposition  of  silicates  in  rocks,  the  conversion  of  febijiar  into 
kaolin  and  clay  may  be  mentioned  as  one  of  the  most  important  The  decomposition  of 
ff  rruiSfiuous  vsilieate»  by  the  action  of  carbonic  acid  and  oxygen  is  also  one  ot  the  chief 
cnuses  of  the  altenitiou  and  disintegration  of  rocka.  The  eifects  thus  produced  by 
'water  and  the  fubetances  cont-aininl  in  it  are  not  always  of  a  destructire  nature. 
Wafer  containing  alkaline  silicates  or  silicate  of  aluminium  is  capable  of  giring  rise 
to  the  production  of  silicate  of  calcium  by  r«>acting  with  sulphate  of  calcium;  silicata 
of  magnc«ium  may  be  formed  by  the  reaction  of  such  water  with  magnesian  salts,  and 
ferrous  silicates  may  be  formed  by  the  reduction  of  ferric  silicates  by  the  carbonaceous 
substances  in  the  sodimenlary  rodcs.  T}hb  change  appears  indeed  to  be  an  essential 
feature  of  the  metamorpbosis  of  rocks.  The  brown-colotired  arj^illaceous  deposits  of 
rivers  contain  iron  solely  in  the  state  of  ferric  oxide  and  ferric  silicate,  while  the  slate 
rocfc*.  which  hare  undoubtedly  originated  from  such  deposits,  contain  chiefly  ferrous 
ailicates.  In  this  series  of  changes  it  will  be  seen  that,  as  in  the  phenomena  of 
vepetation  and  tinimal  life,  the  atmosphere  is  also  concerned.  The  oxidation  of  ferrous 
and  manganous  compounds  which  ia  so  prominent  a  feature  of  the  disiotegmtion  of 
rockw,  in  utt«^nded  with  no  abstraction  of  oxygen  from  the  atmosphere;  while  tu  the 
reduction  of  ferric  wid  manganic  compounds,  under  the  influence  of  oiTganic  substaaeea, 
the  oxygen  thus  abHtriwtwl,  is  nguin  rcstorpd  to  the  stmtwqjliere.  either  in  the  stoto 
of  carbonic  acid  or  in  its  original  condition,  after  having  passed  through  an  intermediate 
phase  of  plunt-nutrititin:  while  the  carbon,  whicli  l«tt»  been  the  mt-uns  of  this  restoration 
of  tlie  oxygen  by  the  ferric  oxide  nf  iron,  again  assumes  a  condition  ix>  which  it  may 
evectually  rej>eat  the  same  function. 

So,  throughout  all  the  rarious  phenomena  of  mineral  alteration,  it  is  possible  to 
trace  for  almost  every  process  of  decomposition,  a  compensatory  reproduiMiTc  poceaa 
by  which  the  substances  concerned  in  the  jbnner  change  are  reproduced.  The  change* 
of  this  latter  kind  are,  however,  less  directly  recognisable,  since  the  chief  seat,  of  rock 
formation,  in  its  earlier  stage  of  sedimentary  deposit,  is  to  a  great  extent  inaccessible 
to  obsf  rvation.  In  the  b«i  of  the  ocean  the  materials  continually  carried  down  in 
solution,  and  mecbunically  suspended  in  the  water  of  rivers,  contribnte,  partly  under 
the  influence  of  chemical  action,  to  the  formation  of  new  strata.  Notwithstanding  tho 
UiTge  quantities  of  carbonate  and  sulphate  of  calcium  thns  carried  into  the  sea,  there  is 
every  reason  for  the  opinion  that  the  composition  of  sea-water  is  as  little  sulyect  to 
change  as  thp  composition  of  the  atmosphere;  for  as  this  is  maintained  constant  by 
the  bftlanced  und  mutually  supporting  functions  of  animal  and  vegetj*ble  life,  so  the 
corapoeition  of  sea-water  is  maintained  constant  by  the  consumption  of  the  carbonato 
of  crtleium  carried  into  it  by  rivers,  in  the  formation  of  the  «helh  of  fish  and  by 
eoral  animals,  which  appear  to  be  the  chief  agents  of  the  production  nf  limestone  strsla. 
It  h  in  t  he  sea  al.-w  that  a  great  numher  of  changes  are  effected  in  sediment ary  deposila, 
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OBasHOKrrrTS.     Syn.  vith  Niolkl-Glaitos. 

GETSERITS,     Syn.  with  Opai.. 

OXBBBXTE.  (A1')"H*0*  -  A1*0*.3H*0.— Nativo  orihydziito  of  alnminium,  all«d 
also  FeUobarnjite,  and  in  the  crystallised  form,  Hy(iraT<fyUitt.  It  is  fouDdaC  Guaoeh- 
diigh  in  Ajiia  Minor,  at  Kichmond  in  Massoctiuaelts,  and  other  localities  in  the  Unittd 
Sutes,  UHUftlly  in  stalactitic  masses,  with  smooth  surface,  and  indistinctly  fibrmu 
Ntructare,  exhibiting  a  fftint  luatro  on  the  aurfocf.  Specific  gravity  2-3  to  2  4.  Etfdsaa 
3  to  3*76.  The  cryataliised  rariety  (faydraivyllite),  ia  found  near  Slatoust  in  tJu 
Ural»  in  amall  hexagoual  prLsms,  witii  n'<placea  lateral  edges,  and  Tcry  diatinct  bud 
cleavage ;  apocific  gravity  2*287  ;  pparly  Itwtre  on  the  base.  Both  varietin  are  tru*- 
lucent,  tough,  exhale  a  strong  argillaceous  odour  when  breathed  upon,  give  off  wHer 
when  beat^wl,  and  exhibit  before  the  blowpipe  the  usual  characters  of  a]tumniuiB> 
compounds.  They  yield  by  analysia  63-6  to  65-6  per  cent,  alumina,  and  33*8  to  347 
water  (calculation,  6o-a  A1«0»,  and  34  4  H*0). 

Hermann  found  tn  the  gibbait^  of  MasBachusetta  a  laige  but  variable  oosntitj  d 
phosphoric  acid,  whereas  other  anatyats  have  found  little  or  none ;  the  (Uscreftfiicv 
ariaes,  moet  probably,  from  the  occasional  admixture  of  phosphate  of  aluminium  wita 
the  hydrate.  On  tnis  account,  Rummelaborg  (Mn<xa/cA«ni^,  p.  145)  appUea  tha 
namfj  hydrarffyUite  to  the  hydrate  of  aluminium,  and  gibbsitt  to  the  phoesphaie. 

QXESECKXTXL     A  pseudomorph  of  NsPBXLont  {q,  v.) 

GXaAVTO^ZTB.  A  hydrona  dirhroite  (p.  320)  found  in  a  gneiaaoid  \_ 
Tammela,  in  Finhind,  Cryetalline  form  the  same  aa  that  of  didrpoite,  with  1«n1 
cleavage  uBually  perfect,  and  somctimea  micaceona.  Hurdneas  —  S-6,  but  on  th* 
cleavage-aurfttce,  2.  Specific  gravity  2-862 — 2-87H.  Colour  greenish  to  dark  ^rtec^ 
grey.  Luatro  vitreous  and  wiisy,  approaching  to  aubmetallic.  Helta  before  lb»  Uow- 
pipe,  with  intumescence,  to  a  greenish  nlug.  Contnins.  aocordins  to  Waditmciitirr'i 
•nalysia:  4627  per  cent.  SiO',  2510  Al»0*,  14-04  Fe«0».  2  70  K-O.  3-80  MgO.  •"W 
H'O,  with  0-89  MnO,  1-20  Na'O,  and  a  trace  of  fluorine.  If  the  grmter  |*rt  at  tin 
iron  be  regarded  aa  protoxide  (Fe*0'  2-83,  FeO  1 1*61 ),  the  oompoaitioo  of  the  uiacnl 
will  be  that  of  dichroi'te  +  4  at.  water.     (Dana,  ii.  S16.) 

OXXiBBATZTll.     A  variety  of  Bujoaj:.  Mica. 

Olx.I>xiro.    Bee  Gold. 

CXXiiajrcrra.     Syn.  with  Hisikoeiutb. 

our.     An  afdont  spirit  prepared  from  com,  and  generally  flavoured  wilh  ja 
Iwmes.     (See  Urc's  Dictionary  of  Arts,  &c,  ii.  337.) 

azjraBX.    Thoro  nro  two  varietiea  of  thi.s  root,  tlie  black  or  grey,  and  th«  wiitR 
Both  are  prepared  from  tlie  root-glocks  of  Zingiber  of.,  about  a  year  old ;  th«  feftt«  by 
scalding  them  in  hot  water  and  drying  inastove,  the  l:ittnr  by  peeling  and  dtTingtlii^ 
in  Bunshine  without  preAnooa  immereion  in  hot  water.    White  ginger  contains,  acronflfl 
toBucJiolz.  volatile  oil,  l-Sa  percent;  extractuoluble  in  alcohol,  0-u6;  extract  Inaolabl^l 
alonliol.  lO-fiO;  gnm,  12-50 ;  atareh,  1975;  mucilage,  836:  woody  fibre,  8-00;  »*Jtm 
in*ilub]e  in  potash,  26  00;  water,  11-90;  reain,  3-60.     (Pelouze  et  Fremy,  I><ji</, 
vi.  370). 

GXWSBXrCk  A  root  found  in  China,  and  said  by  the  Cliine«e  to  posMoR  eitiaor- 
dinary  medicinal  virtnoa.  It  ftp^vears,  howev«>r,  to  be  identical  with  me  Pa^tx  fwa- 
qMfolium,  a  plant  whidi  isi  likcwijie  found  in  NortJi  America,  and  doee  not  poMMasy 
ani'h  qualities.  From  the  root  of  the  Anicric«m  ginseng,  Gkrrignea  haa  obtained  K  Mk 
txal  Kubstance  eiUIod  Pamaqltlonb  (y,  t?.) 

OXOBB&TXTB.     Syn.  with  Maoxbsitk. 
GXBiLSOXi.     A  variety  of  OpAl.. 
OISMoirsxir.    Syn.  with  Abhaktb. 
arruAonr.    fke  Sapon-ix. 

GX.AXASZ]ff  or  OX.ZJU»xa'.     See  Gi^i-rw, 
G^AZaxw.     See  B.utEGiN  (i.  500). 

GXJUrCE.     A  name  applied  to   minerals  having  a  mefalUc  or   pseodMBfltalfie 

Iu>ir«i;  t.i;..  fffance-coal,  iron-glancr,  antimony-glance,  &c. 

GX^ASSKXTX:,     Native  sulphate  of  potassium.     (See  SrtPHATBs.) 

GltA&m.     f(im.  iii.  377.)— Gloss  is  a  mixture  of  silicate  of 
or  of  l>oth,  Willi  ijuu  or  more  bilietttos  instiJuMo  in  water,  as  silii 
ralcimn,  roi«pnfwam,  nlurainium.  manganese,  iron,  or  leJuL     ] 
w  feOilimn,  ur  a  mixture  of  the  two^  ercn  witil  a  sufficient  qoiiaUty  of  sUtc*  io  forta  a 
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in  «  dark  placti  through  the  viotcr,  germicutcj  frmiy ;  vhiW  similiir  ^rnu  immmed 
in  pest-ash,  wood-a^h,  powd«r«d  gypsum,  sluknl  time  or  dry  baud,  were  found  in  • 
■Ut«  of  ijutrpfaction.     According  to  A.  Vogel,  jun,  (Ann.  Oh.  rhurm.  Ixiviii.  196), 

femination  is  coiiipU^tely  am-sted  by  arsenic  and  its  c'om{ioiind5,  by  oxide  and  cur- 
on«te  of  «ippor,  by  nippcuroui  chroinat«,  and  by  Prussian  blu* ;  and  reiardetl  by 
fluor  spar,  mercuric  ox.ide,  antlmonium  crudttm^  sbinaic  oxidf,  carbonate  of  ma^e- 
num,  ammonio-magnesian  phosphate,  «jid  amalt;  vhereas  sereral  other  sabstano'a 
vhich  exert  a  poiaonooa  or  a  deleterious  action  on  the  animal  organism—  riz.  mercury 
(metiUlic,  or  in  the  form  of  tin-amalgam),  cinnabar,  calomel,  litharge,  phoMpUate  of 
lead,  chromate  of  lead,  vitrum  antinumii,  and  carbonate  of  barium— di>  not  interfere 
with  Um  germination  of  seeds.  The  experimenta  were  made  with  crww-seed  Tlie 
atatement  tJiat  anenic-compoonds  completely  arrest  germination  is  at  varianoe  with 
the  well-known  practice  of  steeping  wheat-grain  in  a  solution  of  aravuious  uluvI  for  'he 
pamMe  of  destroying  fungi. 
The  germination  of  seeds  i*  ac«>mpamed  by  the  following  pheaamma  :— 

1.  Tneaeed  absorbs  water,  awella  up  and  softens.  The  harder  tlie  seed  foatinga, 
the  more  alowlj  doea  the  abauiption  of  water,  and  conKequt iitiy  tlit^>  gvrniiiiation.  \nVti 
place.  Accotmng  to  Stein  (J.  pr.  Chem.  IxilL  42),  differmt  seedj*  ntwcirb  in  'ZA  to 
48  hours  (by  which  time  the  majtiiaum  of  wat*r  appears  to  be  taken  up)  fnjm  22  to 
116  time*  their  weight  of  watt-r. 

2.  The  seed  pusln-s  forth  its  gorm  to  a  slight  extent,  and  gives  off  a  little  carbonic 
aahydride  ;  these  changes  taking  place  wheUier  oxygen  is  present  or  n«>t. 

3.  It  ab(Kirb«  a  certain  qaantity  of  oxygen.  According  to  SauMure.  bean  and 
lettuce  seeds  absorb  1  per  cent.,  barley  and  purselain  from  01  to  0*2  per  cent,  of  thrir 
veight  of  oxygen. 

4.  It  gives  oflF  earbonic  aahydride,  the  vokme  of  which,  according  to  Scheele  and 
Sauasure,  \&  equal  to  that  of  the  oxygen  absorbed.  According  to  6ous»ingault,  on  the 
other  hand,  the  Tolume  of  carbonic  anhydride  erolred  ia  sometiraw  lean  th-in  that  of  the 
oxygen  absorbed,  part  of  the  carbon  being  oxidised,  only  to  carbonic  oxide. 

b.  The  ozidation-prooeas  jost  mentiooed  gives  rise  to  a  development  of  heat,  some- 
times, as  in  the  rndting  of  barley,  sufficient  to  induce  spontaneous  combuslion. 

6.  The  chemical  changes  which  take  place  in  the  seed  during  genjiination  are 
■ttended  with  lo^s  of  weight.  100  pta.  by  weight  of  barley,  which  had  lost  12  ptSw  )<y 
diying,  yielded  8ft  pt«.  of  dry  malt.  Of  the  8  pts.  thus  lost,  four  were  removed  in  the 
softening  of  the  area  by  water,  the  remaining  foor  in  the  actual  gennination,  (T  horn- 
son.  Tboms.  Ann.  x.  38S;  Hermbstadt,  Schw.  J.  33,  249.) 

7.  The  insoluW**  non-azotised  matters  in  the  seed — viz.  the  starch  and  fut — 1« 
converted  into  soIuI-Ip  i^ompounds,  and  are  thereby  enabled  to  pass  from  the  parts  of 
the  »ecd  in  which  thi y  were  developed  into  the  various  cells  and  organs  of  the  growing 
plant.  In  this  prooe«s,  the  azotised  matters  of  the  seed  appear  to  play  the  same  part 
that  bodies  of  similar  constitution  discharge  in  alcoholic  fermentation  :  that  is  to  aay. 
they  absorb  osiygcn.  and,  being  thus  thrown  into  a  diMturbcd  state,  they  communicalo 
the  disturbance  to  the  non-azotistd  bodies  with  which  they  are  in  contact ;  the  remit 
of  which  is  tliat  the  xtarch  of  the  seed  is  converted  into  sugar  and  gum,  and  the  fata 
appear  to  be  resolved  into  fatty  acids  and  glycerin.  The  heat  evolved  in  germinution 
is,  perhaps,  duo  in  great  part  to  the  fixation  of  water  by  which  tlii«e  tnuMformationa 
•ra aoomnpanied.  (Rochleder,  GmclirCt Handinick,-iiui.\l\  147;  Pelouse  elFrimy, 
TVm*^,  tL313.) 

W.  Knop  (IWp,  Chim.  app,  1862,  p.  249)  has  ohsen-ed  that  the  presence  of  fny» 
alkali  is  unfavourable  to  the  germination  and  healthy  development  of  plan's.  It  is 
wrll  known  that  when  healthy  seeds  are  sown  in  pure  qnartz-sand  or  p'iun<b-d  glasa, 
and  watered  with  saline  solutions,  the  plants,  though  appearing  green  and  vi^rotis  at 
£zst,  ofteh  turn  yellow  after  a  while,  and  ultimutely  pensh.  This  etiolatioi:  m  some- 
times  attributed  to  the  absence  of  iron  salt!!,  which  are  necessary  to  the  develnpnu'tit 
of  chlorophyll ;  it  may,  inde«l,  sometimes  be  remedied  by  watering  the  pbnts  with 
weak  iron  solutions.  But  from  Knop's  experiments  it  appears  that  uie  chief  cauve  f»f 
the  etiolation  is  the  development  of  alkuU  in  the  act  of  germination.  Plants  growing 
in  solutions  of  nitre  decompOFe  the  nitric  acid,  and  set  the  alkali  ftpee.  The  jtjievs 
expressed  ^m  the  roots  and  green  leaves  of  healthy  plants  are  always  t<li|:litly  add. 
Knop  finds  that  plants  growing  under  the  circumstances  above-mentioned  may  Ke 
rendered  green  and  healthy  by  addition  of  a  small  quantity  of  free  acid  to  the  k>1u- 
ttons  with  which  Ihiey  are  watered,  and  attributes  the  beneficial  eflrect  of  iron**iilts 
rather  to  the  acid  which  they  contain  than  to  the  iron.  The  well-known  fact  that  aseds 
germinate  for  the  most  part  hettir  in  dpring  th:in  in  the  middle  of  summer,  is  attri- 
buteil  by  Knop  to  the  more  nipid  production  of  ammonia  in  sunimrr,  by  the  deonm- 
posttion  of  album iiioiu.  mittfers  in  the  «»il ;  this  ammonia  being  absorbed  by  the  routa^ 
the  sap  becomes  alkaline,  and  the  leaves  tfim  jelloir  and  fade. 
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more  boun,  till  the  moM  b«oomn  free  from  1>ubb1««,  gruins  of  OTurtE.  ud  ctnaki 
Chloride  of  potaaaium,  chloride  of  sodium,  inilphate  of  potiuuiuin,  and  naJpbate  of  aodioB 
Aunt  od  the  Hurface  in  t!i«  form  of  u  thin  fluid  stmtum,  which  isskimniMl  off:  th««;ini 
id  called  Gl»aa-gall,  or  Sandirir.  The  ghiss  is  th«o  formed  into  the  reqairtj 
■hapea,  and  afterwiirdji  cooled  from  a  red  heat,  an  slowlj  aa  poaaible,  is  the  amt<Mitng 
/umace. 

Bittt/f-glaai. — Specific  graviry  about  2*732  ;  rery  infiuible  on  account  of  the  aaall 
pnwortion  of  potoih  and  soda,  aad  tbo  larg«  quantity  of  alanuna  which  it  contatBa — 
a.  From  Soumgni/.  Prepared  from  qaartz-sttiid,  marl,  elutriated  wood-aahea^  and  ■ 
portion  of  comtnoa  a&lt  The  phoaphoric  acid  present  in  the  glaas  ariaca  from  tb* 
phosphate  of  ealcinm  in  the  wood-aahea  (Berthier).  Its  compoaition  ia  oi — ' — 
8(C«0.3SiO»)  +  AIKH.SKV.— A.  From  8l  Etienne.  In  the  prepquation  of  this  i 
heavy  iipar  ia  employed  (Berthier). — c.  From  Epinac.  Prepared  byaintply  f 
together  two  difTt^rent.  kiuis  of  sand,  one  of  which  cootaina  61'7  per  ccoL  of  <  " 
of  culeium,  3d'6  of  ctirV>ondtp  of  barium,  and  1*2  of  clay,  the  other  (a  mixtuivc 
(Miud  iU]'l  felspar),  6  per  cent,  of  potash.  2  of  aeaquioxide  of  iron,  0-7  of  aeaqaiox 
manganese,  11  of  aluminn,  and  80  of  eilica  (Bertbier).^-d.  From  S^rm.  Thii 
in  with  diifioutty  rfduced  to  a  white  mass,  which  Im  mnthar  cryatallino  nor  fLbroaanT 
its  toxturo  (Dumas). — e.  Of  iinkaown  origin  ;  easily  eonverted  iuto  fibro-crysuliiaa 
sort  of  Reaumur's  porcelain.     (D umaa.) 

Palcgrtm  Glasi  used  for  Mrdical  BeUUt  tmi  Chemuai  Apparatus.— Hard;  beni 
changes  of  tempemtore  better  than  white  gtaaa.  a,  b,  c,  d,  are  four  French  TanelM 
analysed  by  Berthier. 

BfittU  ghtt.  GXun  for  tncdleai  batOm. 


K'O  . 
Na'O. 
BaO  . 
VhO  . 
MgO  . 
ilnU  . 
Ff-»0» . 
AI*0». 
SiO»  . 
P»0*  . 


Eo^liah.    J  and  i^  the  hardest  and  moat  infusible ;  b  the  next ;  d  the  softest  Mid  1 

easily  fuaed  of  the  whole.  In  Franco  a  mixture  i«  uaod  of  100  pta.  of  qaart«-«aod  vitk 
b«tween  30  mid  tO  pts.  of  dry  carl>onat«  of  sodium  (or  as  much  sulphate  with  dur* 
coal)  and  M  to  40  |iarta  of  carbonate  of  calettun.    (Dnmaa.) 
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=  Na»0.28iO'  +   Ca0.2SiO* 
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German  Windows/ate  generally  consists  of  a  double  ailicat*  of  calcium  and  wAtP- 
aium,  e.p.  100  pt«.  of  quartB-Biind,  60  ptA.  of  pearlash,  from  25  to  30  pu>.  of  chalk.  inJ 
2  pta.  of  nitre.  In  many  mixturfH,  however,  common  salt  ia  an  ingredient;  or  it  U 
WMlly  a  Glaxhrr'g  salt  iflaat.  which,  acci^nling  to  Oehlen,  is  prepared  with  icio  rti*.  of 
quartz-sanrl.  5u  pta.  of  dry  Glauber's  salt,  17 '5  to  20  pta.  of  lime,  and  4  pts.  of  charrnaL 

French  Mirrur^j/nsf.—Sjieci^c  prarity.  2-488— 2-606.  About  =-  2(Na*0.3SiO*)  » 
Cii0.3t?iO*.  The  variety  «  examined  by  Berthier,  5  by  Tjissaert,,  e  and  d  by  Duntai. 
All  lb.'  vorietirn  hare  a  bluiah  tinge  arising  from  the  soda  (rf  the  \eust\  from  »hieb 
the  plass  TOutaining  potash  is  (ne. 

Vairtian  AfirrorsiaM.^Ahout  =  K«0,3SiO»  ^.  2(Ka»0.3SiO«)  4-  3(CaO,2«iO*)  ; 
e  obtiiinid  from  ;ui  old  mirror  of  a  somewhat  yellow  ooiour.     (Brrthier.) 

Bokrtuiav  Gla/m. — Sptvuific  gravity,  2396;  contaimnK  about  '^(K'O.SSiO^  +  l(CaO 
SSiO*):  /obtjiiuod  fw^m  a  goblet  from  Nenfcld  in  BoJicmia.  tr.insr*an»nt  and  coioerlfW 
(Berthier):  a  from  Noufel.l  (Gros);  h  from  nn  old  imp  of  Boli.-minii  rIom,  perfirtlf 
transparent  rDuntao);  i.  oKJinary  Bohemiunglaiw.     (Peligot.)  '>         r-         j 

/r  th^fflish  Crour,„r,lnss,  of  specific  gravity  2-487.  baa  a  composition  aimikr  to  thai 
of  IloLeniian  ^lasa. 
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2-6^  -- -.  J  2-8  8-60  1-2  04  22  9-6  1  1-4 
112}—!.  <^^'^  73-85  68-6  717  716  69-4  _76  _«77 
991  100-0  100-0  100-50    982    981  101-2  1000  100  1000 

Oryttal  flats.— SptcULe  g»Tit|r,  2*9  to  3*255,  from  trisilicate  to  tetnsilieate  of  lead 
and  potasnam.  Pare  silicate  of  lead  is  yellow ;  bat  when  it  is  combined  wiUi  a  snffi- 
rient  qoantity  of  silicate  of  potassiam,  the  mixture  is  colourless.  This  g^Lus  is  obtained 
fbom  100  pts.  of  pore  oaarts-sand,  60  to  70  pts.  of  minium  or  lithaige,  and  80  to  40 
pts.  of  purified  pearlaiB ;  sometimes  an  admtion  is  made  of  4  pts.  of  bono,  8  pts.  of 
nitre^  0-15  pts.  of  aisenions  add,  and  0-2  pts.  of  peroxide  of  man^an«M. 

a.  London  Orjfttal  gUu$. — Transparent  and  odourless ;  used  in  the  oonstroetion  of 
nhilosonhiealinstramentii;  containing  about  2(KK).4SiO') -i- 3(Pb0.48iO') ;  examined 
ttj  Beruiier. 

b.  From  Vonkhe  in  Beldam ;  K*0,4SiO*  +  2(Pb0.4SiO»),  nearly.    (Berth! er.) 

c.  From  Newcastle ;  2(K'0.3SiO*) -t-  3(Pb0.3SiO*},  nearly.    (Berthier.) 

d.  Origin  unknown;  2(KK>.3SiO*)-t-Ca0.3SiOs-i-3(PbH}.3SiO*),  nearly;  analysed 
hy  Dumas. 

*.  English ;  KH).3SiO*  +  PhO.SSiO*.  nearly ;  Analysed  by  Fandar. 

FliHt-ylaas.—AdA  silicate  of  lead  and  potassium,  prepared  from  the  purest  materials 
possible:  for  example,  100  pts.  of  quartz,  50  pts.  of  pearlash,  100  pts.  of  miniam. 
8  pts.  of  borax,  015  pt  of  arsenious  acid,  and  0*2  pt.  of  peroxide  of  manganosf. 
Omnand's  flint  glass  tuts  a  specific  gravitv  of  3-3  to  3-6 ;  Frauenhofer's,  a  speeifle 
gravity  of  3*77.  a.  Flint  glass  examined  br  Faraday,  b.  Ouinand's  fiint  glaiw, 
analysed  by  Dumas.  -2(K«0.2SiO»)  +  3(PbO.2SiO0.  Dobereiner  (Schw.  J.  liv. 
424)  recommends  tiie  proportions  of  1  at  of  potash  to  2  at  of  oxide  of  lead  and 
7  at  of  silica.  Faraday's  flint  glass  (Pogg.  Ann.  xriii.  515),  n)ecifie  gravity  » 
6*44,  has  a  reiy  different  composition,  being  a  compound  of  oxide  of  lead  with  nlidc 
and  boracic  adds. 
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The  Jiientz  Flux,  or  Pierre  de  Strast,  used  in  the  formation  of  artifidal  gems  consists 
of  flint  glass  with  a  smaller  proportion  of  silicate  of  potassium,  prepared  likewise  with 
the  purest  ingredients:  e.ff.  100  parts  of  quartz  or  rock-ciystal,  32  to  52  parts  of 
hydnite  of  potassium  purified  by  alcohol,  154  to  157  parts  of  minium,  or  171  parts  of 
pure  white  lead,  6  to  9  parts  of  borax,  I  to  ^  part  of  arsenious  add.  Dumas  analysed 
the  Strase  manufactured  by  Donault- Weiland,  the  compontion  of  which  is  nearly  * 
KK).2SiO»+  8CPb0.2SiO'). 

The  flint  glass  5  contains  also  a  trace  of  arsenious  add,  and  the  8irtu$  a  trace  of 
borax  in  addition. 

Aventurin  glass. — A  bsownish-coloured  gla«i,  intprspersed  with  small  spangles, 
which  give  it  a  peculiar  shining  appearaKoe.     (See  a-o1.  i.  p.  476.) 

Ruby  glaee,  containing  (rold. — Splitf  gorb*»r  (Popp.  Ann.  Ixi.  144)  (rivf»>«  ihr  fal- 
lowing proportions,  aa  affording  an  excellent  glawi  of  this  kind:  3  Iba.  4^  oz.  of 
fine  white  Kind,  1  lb.  14  oz.  of  nitre,  1  lb.  13  oz.  of  pure  white  mda,  4  oz.  uf 
carbonate  of  calcium,  2^  oz.  of  arsenious  add,  44  oa.  of  minium,  4  oz.  of 
antimony-glafls  (i.  322),  and  the  solution  of  a  Dutch  ducat,  weighing  3'41  grammes, 
in  aqua  regia.  The  gold-solution  is  first  poured  into  the  sand ;  the  remaining 
iiigredientii  are  then  added,  and  the  whole  is  pot  into  a  class-pot  and  czpobod 
for  more  than  three  hours  to  a  white  heat  This  method  differs  fpjm  lornit-r 
ones,  in  not  having  any  purple  of  Cai»idus  or  oxide  of  tiu  added.      The  giuM 
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thiM  obt&ined  ia  perfectly  cx>loar!eM,  but  on  being  hoatod  to  a  tenipeifttiitv  at 
AOO"  C.  (932*'  F.).  aiiiiumcs  an  intonM  rubj  colour.  The  colour,  when  oooe  jmy 
tltic«d,  cannot  bo  again  destroyed  by  exposure  to  )ie«t..  even  in  an  atmosphiaa  of 
oxygen  or  hydrug^n,  or  in  a  close  crucible  eurroundc^d  with  fiand,  powdenid  elnr- 
cool,  or  oxide  of  innc,  or  by  throwing  the  glKua  into  n.  flux  n(  Dttr«  or  eiilcmte 
of  potaxnum ;  befire  tho  oxyhydrogon  hlow-pipe,  however,  it  losca  its  colour,  but  p»^ 
gfiins  itp  original  tint  on  cooling  and  subsequent  exposure  to  "heat,  Spliiigwber 
accounts  for  the  peculiaritiee  of  thia  glii»  by  tusuming  timt  the  gold  in  the  colourUm 
Turiety  is  in  the  form  of  trioxlde ;  and  that,  when  hcatt-d  a  second  time,  it  is  coDTcrt^d 
into  the  ruby-red  oxide  describe  by  BphipHus,  in  consequence  of  a  portion  of  it*  oxr* 
gen  combining  with  one  or  more  of  the  other  iiul>eitanceB  present — ^probably  with  IM 
antimoDbuB  oxide.  The  flight  increase  in  bulk  conset^uent  on  the  second  hMtuti; 
apipeaTS  to  be  in  ftivour  of  this  view.  Splittgerber  likewiao  racceeded  in  obtcioinga 
coloured  gl»B»  with  purple  of  Cassina,  but  of  a  violet  rather  than  a  ruby  tint.  Soar 
(Fogg.  Ann.  IxxiL  556)  gives  the  following  proportions  for  mby-coloured  glass :  461bi. 
of  fine  quartz,  12  lbs.  of  borax,  12  lbs.  of  nitre,  1  lb.  of  miiiium,  1  lb.  of  whtt«>  arsf^ 
niou«  acid,  and  q  solution  of  8  ducata  in  aqua  rcgia.  The  whole  i«  thou  mixrd  aAd 
fused  ail  before.  Tlie  resulting  glaas  is  colourless,  but  when  again  heated  to  i 
■cquires  a  ruby  colour ;  Rose  has  likewise  observed  that  the  red  colour  is  [m 
-whether  the  glass  is  heated  in  atmospheric  air,  oxygen,  or  cairbonic  acid  gasr.  If  i 
posed  to  a,beat  at  which  it  softens,  it  becomes  opaque  and  Hver-coloiirpd.  When  it  i» 
fused  before  the  ox^hydrogen  blowpipe,  colourless  drops  are  obtained,  which  Row 
could  not  again  obtain  of  a  rf^  colour  by  beating.  Rose  is  of  opinion  that  the  (qlomr- 
less  glass  contains  silicate  of  gold,  and  that  this  compound,  when  hcAted,  t«  dcenni- 
poseo,  with  si'pjirat ion  nf  oxide  of  gold,  which  impjirta  the  red  colour  to  tht  glsM; 
moreover,  that  the  liver-rolourcd  glass  probably  contains  metallic  gold. 

a.  Avcnturin  from  Venice,  analysed  by  Gahn.  b.  Analysed  by  Peligot.  e.  By 
Kerstcu.  d.  Ruby-glaas,  analysed  by  i^plittgerber,  the  gold  found  by  experimrnt 
amounting  to  less  fhiin  one-half  the  quantity  per  cent,  added.  e.  y<>netis&  rnirf 
glasa.  in  the  form  of  flattened  round  masses,  distiagaiiihed  from  the  ordinnfy  vuietia 
by  being  very  fusible,  and  not  losing  ita  red  colour  when  melted;  analysed  byBflhaiL 
(J.  pr.  Chem.  xxxriiL  386.) 
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Enamrl  Is,  for  the  most  part,  a  double  lUicate  of  lead  and  potuasium.  rendered  ofaqa* 
b^  stannic  oxide.  In  one  specimen  of  enamel,  Dumas  found  8*3  per  c^'ut.  of  potufa, 
503  of  oxide  of  lead,  98  of  stannio  oxidf,  and  31'6  of  silica.  Antimonious  or  an*^ 
aiouH  acid  produces  a  ^milar  clTect  to  the  stannic  oxide.  By  adding  colouring  afrenta 
prinoipsUy  met&llie  oxides,  to  white  enamel,  the  oolouned  raiietie*  are  obtaix)^d 
(p.  487). 

For  further  details  on  the  composition  and  manufacture  of  glas;?,  see  Cr 
of  Art»,  Mafiufacturts  tind  Mincfi,  ii.  339  ;  Pay  en.  Prrcit  df  ClUmic  Ind 
iililion,  i.  489;  Hognnult.  Cnursdr  Ckimir,  ii.  332;  Pelour-c  et  Fremy,  jf,."/,  ,u 
[  Ckimie  GeniraJr,  3me  Edition,  ii.     On  porcelain  colours  for  enamel,  Wiichter  {.\uu. 
Ch.  Pharm.  Ixix.  99). 

Dfcomprmition  of  GUias. — 1.  WaUr  extmcta  potash  or  soda  from  ^aB%  loaUMT 
with  a  portion  of  silica,  the  decomposition  takiog  place  with  greater  ^mtm  in  fsvpartioo 
•R  the  gla.<»»  is  rit:her  in  these  .alkjili«,  and  more  minutely  divided,  and  the  tcmpejature 
of  the  water  higher.  The  powder  filod  off"  from  a  tube  of  white  ^lass  reddew  moi* 
tcucd  turmoric-paper  (Biscbof,  Kaat4i.  Arch,  i  44S).    Finely  powdered  plate-^ka 
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acta  in  a  wmilar  manner  (Faraday,  Fogg.  Ann.  zriii.  f89V  Water  tnt«Tat«d  wilb 
powdered  glaaa  in  an  agate  mortar  becomes  alkalih^,  ntia  on  the  addition  of  mil- 
aiumoniac  deposits  flakes  of  silica  (Fuchs,  Kastn.  Arch.  v.  306).  Wattr  beconiPt 
alkftline  after  Jong  digfKtiou  with  glass  »t  th«  boiling  heat,  and  liki^wise  turbid,  from 
sepantion  of  an  iuMiIublc  silicate  of  calcium  (Dumas).  An  alkaUne  rmrtion  it 
exhibited  by  tbe  powder  of  bottle-glaaa,  and  of  lieuuinur's  porcelain,  formed  from  it ; 
also  of  plale-gLiss,  croTn-glaas,  flint-giasa,  and  white  enair.*!.  AfYer sufficient  washing 
it  no  longer  reddenn  tamieric-paptr,  unles«  it  be  recru«hed  in  a  mortar.  One  himdrea 
parte  of  fitifly  dividerl  flint-glass  lx)iled  for  a  week  with  wat«r,  loee  7  pte.  of  potaah, 
which  may  he  obtained  in  the  solid  state  by  eraporation  (Griffiths!,  Qnart.  J.  of  Sc 
XX.  258).  The  nioisttire  in  the  atmosphere  prodnces  a  aimilar  alteration,  separating 
the  potash  and  jsiuda,  aud  leuving  the  gTt*ater  part  of  the  silica  with  the  lime  on  th« 
mrjtace  of  the  ghias ;  glaf§8  thus  decomposed  often  exhibits  prixmutic  eoloura  on  its 
nutuit.  Sometimes  this  superficial  decomposition  is  scarcely  risible  :  but,  on  warming 
ft*  g|pM,  numerous  fine  scales  p«el  otE,  and  leare  the  surface  dull  opaque,  and  wrinkled 
This  Biult  shows  itself  in  g^ass,  to  which,  for  the  sake  of  economining  fuel,  too  small 
a  quantity  of  silica  has  been  added.  The  pearly  stnitam  with  which  Hpecimens  of 
antique  glass  found  buried  in  the  earth  are  corered  consista  almost  wholly  of 
silica  (Griff  it h  b).  Glass  which  has  lain  in  pits  at  least  ten  feet  deep  in  the  groand, 
is  soft  when  dug  up,  and  may  be  bent  and  indented,  and  eTen  cut  in  two  with  a  knife ; 
but  ufter  eijXMure  lo  the  air  for  a  few  boors,  it  again  hardeus,  and  if  it  has  been 

f^reriouHly  lH*nl  or  twisted,  it  becomes  extremely  brittle,  like  unanuealed  glass.    (Col* 
adon,  J.  Chim.  mid.  xvi.  679.) 

2.  All  kioda  of  glass  aro  corroded  by  hydrofluoric  acid,  with  formation,  partly  of 
fluoride  of  ailicium,  and  partly  of  the  double  fluorides  of  silieium  and  potacainm, 
sndiura,  calcium,  &c,  A  hot  concentrated  solotion  o{  phosphoric  acid  also  aooofapoaea 
erery  variety.  Glass  which  ip  poor  in  silica  is  attacked  by  boiling  ml  0/  vilriol ;  and 
plass  of  yet  inferior  quality — that,  namely,  which  becomea  dull  on  exposure  to  heat 
(Bum  as)— is  acted  on  by  boiling  hi/drochloric  and  nitric  acids,  and  aqua-rtpa,  a  dull 
sjiot  remaining  after  eTapomtion  of  the  add  (Berzolius).  The  aciiln  dissolve  out 
potai<b,  soda,  £mc^  and  other  bases,  and  separate  the  silica.  On  powdered  plam  they 
set  with  far  greater  energy.  From  pulverin«i  flint-glass  boiling  hydrochlnric  acid 
extracts  potash  only,  not  the  oxide  of  lead  (Griffiths).  Many  lands  of  bottlo-glaas 
which  resist  the  action  of  acetic  acid  are  di'composed  by  the  stronger  miaeml  acids  ; 
thus  a  bottle  filled  with  sulphuric  acid  will  «ometime<5,  at  ordinary  temperatures,  gradU' 
allT  become  ooTered  with  warty  dcprcfuions,  which  at  last  penetrate  through  the 
snostance  of  the  glass  (Dumas).  In  diattlling  hydrochloric  acid  from  a  ^en  glass 
retort,  Hess  (Pogg,  Ann.  xx.  640)  obtained  a  m-pt&lline  sublimate  ^\  of  sdiea,  while 
chloride  of  potassium,  8e9<iuioxide  of  iron,  and  silica  were  dissolved.  Many  anhydrous 
saltK  of  ammonia  containing  fho  stronger  acid^  also  attack  ^lasa — especially  lead- 
glass — when  heated  in  contact  with  it ;  such  is  the  case  with  a  mixture  of  hydrochlorat* 
and  nitrate  of  amnioQium  ^Silliman),  or  the>neatral  or  acid  sulphate  of  ammoniam. 
(March and,  Pogg.  Ann.  xiii.  56fl.) 

3.  Solutions  of  potash  and  toda  dissolve  out  the  silica  of  glass  with  greater  ease  in 
pro[x>rtion  to  their  temperature  and  degree  of  concentration.  Even  at  ordinary  tempe- 
ratures, the  alkaline  liquid  partially  dissolves  the  glass  bottle  in  which  it  is  preserwl, 
frequently  canning  it  to  crack.  Even  ammonia  attacks  many  kinds  of  glass  ;  a  bottle 
mude  of  fltut-glotfis,  and  containing  a  solution  of  carbonate  of  ammonia,  became  00 
fragile  that,  on  shaking  it,  pieces  of  glass  were  detached.     ( G  r  i  f  f  i  t  h  a ) 

4.  Glass  containing  lead  blackens  when  heated  in  the  flame  of  a  lamp  or  in  hydrogen 
gas,  firom  reduction  of  the  lead — and  when  heated  in  sulphuretted  hydrogen,  fipom 
formation  of  sulpliide  of  lead-  On  this  account  Gninand'a  flint-glass  (p.  841)  bocomect 
tarnished  in  dwelling-hooses  (Faraday).  A  l-»ottle  made  of  French  glaas,  in  which 
Buiph^ydrate  of  ammonium  had  been  kept,  acquired  a  metallic  lustre,  from  formation  of 

»     sulphide  of  lead.    (Bischof,  fir.  Arch.  xvii.  242.) 
Cry»talli»ed  or  Dtvitrified  Giant. — a.  Many  kinds  of  glass,  when  slowly  cooled  in 
the  pots,  separate  into  two  portioUK,  the  one  cr^'titoUising  m  opaque  prisms  and  needles, 
the  other  retaining  its  vitreous  charactA^r.     According  !o  the  following  analysis  by 
Ifiimas,  it  appears  that  the  portion  which  crystalliaea  gives  up  soda  to  that  which 

iremaiiu  in  the  ritreous  state. 
' '                CryrtaltUwd  portton.    Vitmnu  portloB. 
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GLASS. 


A.  Reaumur' 6  Purctlnin,— Many  kinds  of  glnu,  uftcr  pxpcwurc  for  nevenl  houn  '.o  ■ 
heat  at  which  thi>y  become  »-)tt— for  exuiuple,  in  a  potter'a  funiAoe— -puiis  into  a  condi' 
lion  rMembliiig  i>orc<]lai[i.  Bottle  glusa  Uthe  mobt  disposed  to  unoprgo  this  chance, 
doabtleca  fW)m  tixe  grcntcr  qnantilT  of  Mlumiaa  vhtch  it  coDtAinH;  next  in  order  is  U>e 
iDora  oomtnoa  sort  uf  given  window  glaua  ;  whit«  glaas  rich  in  lime  is  mIso  IikIjIc  to 
this  change,  but  not  pure  ullicate  of  potawiium  or  sodiom,  or  leud-glaas.  (Levia. 
Dartigufs.) 

The  deritnAcation  tako«  place  ja»t  as  well  if  th»  glaaaTMsels  are  Hurround^  trithiii 
and  iritbout  with  ao  infaaiblo  powder  or  eanmt  to  prevent  them  from  loring  thr4r 
Hhape — e.  q.  »and,  a  mixture  of  sand  and  gypsnim,  bone-ash,  clay.  nowdeiv«i  brickji,  Utn*, 
a«Maioxide  of  iron,  charcoal,  or  soot, —  as  when  they  arc  healea  by  thomsclTca ;  l>at 
in  the  formPT  caae,  a  longer  time  in  required  (Lewis,  Dartigoes,  MorYOaa).  It 
occure  also  in  a  similar  manner  with  glass  enveloped  in  a  lara-Btmiin  (MorTeao). 
This  change  may  cither  lie  regarded,  according  to  Dartigncs'  sopposition,  aa  arisiDg 
simply  from  the  amorphous  glass  paning  witboat  change  of  composition  into  lb» 
crystalline  «tjito — the  long  continued  »tatc  of  softness  ofibrding  the  atoms  an  opporto- 
nity  of  uniting  together  in  crystalline  molecules;  or  we  miiy  suppose  with  Ix'wift,  Mor- 
rean,  und  Dumas,  that  the  glass,  in  undergoing  this  change,  loses  a  portion  of  iti 
alkali,  which,  when  the  glass  is  ignited  by  itaeli,  passes  off*  in  vapour,  and  when  it  w 
surroundtMl  by  &  powder  during  ignitioa,  i  absorbed  by  the  powder.  Dumas  ia  like- 
wise of  opinion  that  the  protoxid&a  of  manganese  and  iron  present  in  the  glass  in 
peroxidised  at  the  same  time.  According  to  Lewis,  the  sand  surrounding  the  glas  m 
cement  becomes  caked  together  by  absorbing  alkali.  Dumas  found  in  a  denmfl<vi 
specimen  of  bottle  glass  only  2  per  cent,  of  potash,  tngcthcr  with  27 '4  t^r  (ji^t. 
of  lime,  6'6  of  the  peroxides  of  manganese  and  iron,  12'0  of  alumina,  and  62  0  of 
silica.  [The  behaviour  of  Reaumur'a  porceluiu  in  fusing  is  also  in  fiivour  of  Ihii 
theory;  vid.teq.] 

la  tliis  change,  the  following  facta  are  to  be  diitineuiahed  :  —  1.  The  ^la*»  first  be- 
comes cloudy,  and  appears  blue  by  reflected  and  yeUow  by  transmitted  light  (Lewis 
Fourn  et),  still,  however,  exhibiting  a  vitreoos  ftacture.  The  blue  colour  is  al«>»«« 
at  the  fractured  edpes,  and  consequently  cannot  proeeed  from  oxidation  (Fonrn^t), 
The  opacity  doubtleM  tuiaes  from  the  separation  of  fine  particles,  whose  eompoftitton 
differs  from  that  of  the  rest  of  the  mass.  Many  iron  slags  behave  in  a  similar  ouunvr 
(especially  the  double  silicate  of  alumioiiiim  and  calcium).  Many  sings  which  oppmr 
green  when  cooled  rapidly,  becuine  blue  within  and  yellow  by  tntusmitted  light  wlica 
«lowly  cooled,  even  if  they  ore  groi-n  on  the  outride,  but  the  }v>wder  again  iiN>un)r«  a 
green  colour.  Thin  fact  would  appear  to  expJain  the  action  of  the  test  which  i»  em- 
ployed  to  distinguish  a  great  many  rarths  and  heavy  metallic  oxides  by  the  hIow{.tip; 
▼iz.  that  the  bftad  obtained  by  fusing  them  with  bonix  or  microcosmic  salt,  rwnuins 
clejirwhen  nipidly  cooled,  but  becouifj*  turbid  aud  opaque  by  exposan.'  to  int'rrvptJ 
iJnet^,  or  jtaminff,  whereby  if  is  kept  for  along  time  in  a  soft  i»t&te,  and  cry»talliD# 
compfiunds  are  produwd  and  septinited.  (Fouruct,  Ann.  Ch.  Phys.  Ixxix.  370',  oWi 
J.  pr.  CUim.  ixvi.  331.) 

2.  Atltcr  this  stage,  white,  opaque  neetilea  are  formed,  proceeding  from  the  inner  and 
outer  HuHuoes  of  the  glass,  and  finidly  meeting  iti  the  centre.  The  place  of  contaci  i> 
often  marked  by  a  brown  line.  Tin-  ma.ss  thius  far  changed  is  Rraumur'a  purvelmn. 
When  burnt  between  pipo-clay,  it  has  a  nmootii  surface,  but  if  burnt  between  hoj*  or 
bone-ash,  it  acquires  a  rough,  wrinkled,  or  bhstei-ed  surface.  Wheji  burnt  bH  wrrn 
powdered  charcoal,  its  surface  becomes  black  or  grey  (Lewis).  It  is  white  &ndiu.irlr 
opaque,  appearing  at  the  fractured  surface  to  posm-ss  a  straight  fibrous  texture ;  il  ii 
specifically  heavier  than  glasa,  and  so  hard  that  it  scratches  glusa  and  sometimes  ereo 
rock-cryHtal,  aud  emit?  sparks  with  steel;  it  does  not  crack  so  readily  with  changes  of 
t<.-mpcraliire  as  glaaii,  or  even  as  porcelain,  and  conducts  heat  and  electricity  better 
thiiu  the  former,  so  that,  unless  insulated,  it  does  not  become  electrical  by  frictioit 
Iteaumur'8  porcelain  may  be  aavd  insti>rtd  of  ordinary  porcelain  in  the  fabricatioo  of 
vessels.  It  fhses  with  much  greater  difficulty  than  glass,  and  is  thereby  oonvertfd  into 
H  white  or  grey  enamel,  transparent  only  at  the  edges — having  a  oonchoTdal  frattofp, 
harder  than  glass,  but  softer  than  Reiiuinur's  porcelain.  The  8pecifi.c  gravity  of  this 
ejiamel  in  to  that  of  the  Hubstiince  before  fu.'»ion  as  2-625  :  2-801 ;  it  doeu  not  beoomt 
electrical  by  friction.     (3Iorveau.) 

3.  If  the  bttking  l)e  too  long  continued,  the  threads  of  the  fasciculated  or  fibrous 
structure  become  separated  by  fissures,  and  the  whole  ii«  converted  into  a  fine-grained 
and  subsequently  a  oturse-graineil  mass,  loose,  greyihh,  and  still  more  difficult  ot 
fttHion,  When  the  porcelain  has  begun  to  chiingc  from  the  filirous  to  the  grann 
condition,  it  may  Htill  be  fused  by  the  heat  of  a  forge  lo  a  pearly,  |«iroua  n 
which  contains  green  glass  enclosed  within,     If  the  change  tu  the  fine-grained  < 
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ditiPD  U  romplctp,  it  (\im^  to  a  Hpongy  mam:  but  wheo  the  «Mn««>gT«iii<y]  ktAtp  is 
arriTed  iit,  it  do  longrr  fuses,  bat  cakea  together  to  An  exc«edinglj  hard  mass,  baring 
a  dens«  frnchire. 

OZtAiraAPATZTX.  A  minpral  from  thp  Mongo  islands  on  th*  MoaqnUo  coast. 
where  it  occurs  in  gcode*  of  small  yellowiih-grppn  or  brown  crystals,  coDsisting  of  74 
per  cent,  pboepkate  of  calcium,  15-1  sulphate  of  aodiam,  and  103  water.  iKammet*- 
ber^s  itinerakkfmie,  p.  984.) 

CI&AUSSK  SA^T.  Sulphate  of  sodium.  (See  Sttlphates.) 
CHh&caaaiTZ.  Native  sulphafe  of  aodium  and  calcium.  Na*Ca''(SO*)*.  It  in 
found  ciystaUiscd  in  four>sided  prisms,  belonging  to  the  monoelinic  system.  Colour 
greyish-white  and  wiap-ypllow.  Lat<Tal  pUnefi  transrersely  striated  ;  terminal  planes 
smootli.  Fracture  foliated  or  conchoidid.  Hardness  «  2*5  to  3.  Specifle  graritT 
=  2-64  to  a-S5.  Lustre  vitreoos.  Streak  white.  Taste  slightly  saline.  Before  the 
blowpipe  it  decrepitates,  and  melts  to  a  white  enamel  Becomes  opaque  when  im- 
mened  in  water,  It  is  fuund  in  nystals  in  rock-salt  at  Villa  Knbia,  near  Ovana,  in 
New  Castile ;  also  at  AuMiee.  in  Upper  Austria,  in  Bararia.  at  the  salt  mines  of  Vie  in 
France,  and  in  the  province  of  Tavapuca,  Peru,     (Dana,  ii.  S74.) 

OZiAirciiirX.  (THN*  (?).  Aworrlinfr  to  Volckel,  sulphocyanate  of  ammonium 
heated  to  31)0^  C,  yields,  uninng  other  product*,  a  compound  called  pftlimt,  C*H*N*; 
and  this,  when  hna'ted,  gives  off  1  at.  ammonia,  NH*,  and  is  oourertMl  into  glauoene. 

(See  SlTLPHOTYAXATRS.) 

OXtAVCXC  ACX9.    The  name  originally  given  to  the  acid  of  Glaueium  Jiamim^ 

now  known  to  be  futnaric  add. 

aiiAtrcnrX.  An  alkaloSd  obtained  by  Fh>bert  from  the  IcATea  of  the  yellow 
horned  p<3['[\Y  {^iihucium  fiawm),  a  plunt  growing  on  sandy  sea-ahoraa.  It  is  not 
eont^ineil  iu  the  flowers  or  the  root  of  the  plant.  It  muy  be  extracted  by  macerating 
Ibe  Iwives  with  acetic  acid ;  boiling  the  acid  juice  to  cOMgulnte  tlie  chlorophyll ;  tM'atini» 
the  darifled  liquid  with  nitrate  of  lend  ;  d*>compo»ing  the  precipitatf*  with  sulphnn^trfd 
hydrogen;  precipitating  the  tilterrJ  liquid  with  dt-coction  of  oak-bark;  mixing  this 
precipitate  with  lime  while  utill  moist,  «f\er  washing  and  prewing;  trpnting  the  mix- 
ture at  a  gentle  heat  with  alcohol ;  passing  carbonic  acid  gas  through  the  alcoholic 
filtnite,  to  precipitate  the  lime;  driving  off  the  alcohol  by  cvaporution ;  and  treutint; 
tiie  residue  with  water.  Ghiucine  then  remains  undifcolved,  and  may  be  purified  by 
solution  iu  boiling  water. 

From  its  aqueous  solutioB  it  separatee  by  ^mntaneous  evaporation  in  ooIourlcM 
crusts,  compoeed  of  narreons  wales;  the  etfaerieal  solution  deposits  it  in  a  pitchy  mass. 
From  the  .«olutious  of  itx  Kults  it  is  precipitated  by  ammonia,  as  a  curdy  mess,  which 
tttler  Home  time  become!*  pitchy,  and  melts  to  an  oil  ut  the  temperatnr« of'boiling  water. 
Its  ta.4te  is  hnnth  and  bitter.  It  is  modfrutely  soluble  in  hot  water,  freely  in  uleohol 
and  ether ;  the  solution  blues  reddened  litmus. 

Glaucine  decompceeK  at  high  temperatures ;  heated  with  sulphuric  ncid,  it  assumes 
a  fine  violet  colour;  the  product  forms  with  watiT  a  dc^p  red  solution,  from  which 
ammonia  throws  down  a  deep  indigo-blne  precipitate.  Glaucine  is  quickly  decomposed 
Vy  nitric  acid. 

Glaucine  fonn.<t  neutral  salts,  which  have  an  acrid  burning  taste,  and  are  predpitated 
\>j  tincture  of  galls.  The  hydroch/oraU  and  the  tulpkaU  are  crystalline,  very  soluble 
in  water  and  alcohol,  insoluble  in  ether.  The  phosphate  crystallises  readily  (Probst, 
Ann.  Ch.  Pbarm.  xxii.  241.) 

WUAXJCtvm.  rXtAWlC  The  f/(UoU!  hornrd  poj^.  The  seeds  jsS  this  pUnt. 
after  drying  in  the  air,  give  off  8  per  cent,  water  at  110"*  C.  The  seed  dried  at  this 
tamp«rmt«n'  trontains  42-5  per  cent.  oil.  The  stems  (air-dried?)  yielded  4-6  per  cent., 
the  s«eds,  9  32  per  cent,  ash,  containing  in  100  parts: 


Hgo  re«o»  Utfirt  T«. 
3-36  0-M2  0-02  6-02 
5  9fi     6-22     0  70     4'19 


CO*  903  pJO»  8iO»  N«C1  K"-0  M«»0  C»0 
Stem  .  6  3fl  589  2-40  4-15  28  14  1382  .  .  29(10 
Seed  .   22-39     0-76  11-29     276     107     6-86     1-59  38-22 

(Cloez.  Instifat.  1860.  p.   124  :  Ann.  Ch.  Phys.   [3]  lix.  129.)     The  plant  contnins 
fumaric  acid  and   two   alkaloids— viz.  glaudoe  in  the  leaves,  gtaaeopichne  in  ths 
■       root. 

I  OXiAircosOTX.    (Co:  Fe^S*.  (Co;  Fe)A«*.-A  mineral  rcscmhling  mispickel  in 

V  erystuUine  form  and  in  roraposition,  excepting  that  the  iron  is  partly  replaced  by  cobalt. 
I  It  rryitallis«>s  in  prisma  belonging  to  the  rhombic  Kystem.  Cleavage  vpry  distinct, 
I       partdh-i  to  the  base,  trsfi  m  parallel  to  the  priitmatic  faces;  also  maMive.      Hardnm 
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aioi 

AIJO» 

FeO 

a. 

56-70 

13-32 

20-10 

b. 

48-45 

6-30 

24-31 

e. 

63 -i6 

6-00 

2178 

s  6.    Spedfi«  OTttvity  =  6-975  to  6'W3.    LoHtw  tnptallic.     Colour  gr^jiah  lin-whJU^ 
&tn4k  black.    It  oecuw  in  t-hloritp  Hlat«  with  cobaltina  ia  \be  pnvint-v  of  Btuoo^ 
Chile,  and  with  a  pilo  yellow  coli'itc  at  Orowitzit,  iu  th«>  Biuiutit.     It  cont^ius : 
S  A.  Cp  F^  S\ 

From  Chile        .        .     20-21     43-20    2477     U  90     trace     =  100-08  PUttner. 
„      Orowitzft.         .     19-78     43-63     3202       4-66       .  .       «     9«-99  (Putwrn)^ 

Before  thp  blowpipe  it  gives  the  reactions  of  aolpbor,  an^irie,  cobalt,  and 
(Dalll^  ii.  63.) 
oitAaco&rrs.    Sjn.  with  Sc4P0i.rnc 

OltAJTOOVCBSiAMIC   ACX3>.     A  product  of  the  docompositioa  of  ell<^  i 
(p.  484). 

o:LAXrcoxrzTE.  A  silicate  of  iron,  occturin^  in  green,  translucent,  opalM»Dt 
rounili-il  JKn-.iin-*  in  the  g;reeu!itiiid  of  rtirioua  loculities.  Aecording  to  Ehreoberf 
(BerL  AkaA.  Bt^r.  1854,  pp.  374-384;  1866,  pp.  8<J-172;  Jahresb.  f-  Chem.  1854, 
p.  886%  these  groins  consist  of  the  stony  nuclei  nnd  oilirifJed  ahelb  of  poly1hal*mi» 
Thdr  oompositioii  is  somewhat  variablp,  ua  the  following  iinaly»es  will  show  : — «,  Kivm 
Gay  Head,  Mjissachmtftts,  by  S.  L.  Dana  {Dana's  Mimradtpt/,  ii.  288);  ft.  From 
Cftule/s  Pit*,  WcwKltown,  New  Jerwy,  H.  B.  Rogers  {ibid.);  c.  Froro  the  Kit^o  MDd> 
B»one  between  Durtintind  and  VTitten,  Wcfitphulia.  (VoQ  der  Msrck,  JahtvilK  1 
Chem.  1856,  p.  1007.) 

M?0  CaO  K«0  n*0 

1-18  1-62 

Lnu?«         1201  8-40       -    99-«f^ 

6  21  .  .  879  4  76       «  100-00 

A  pre<»n  ferrouo  »i]iMt«>  iml>cdJed  in  the  calwupar  of  Takli,  bput  Naepnr,  in  CCTtr* 
India,  appears  to  hare  the  composition  of  glaaoonite.  (T-  L.  Haughton,  Phil,  M*; 
[4]  xvil.  16.) 

OI.B.UCOPBA.II-I:.    See  Winnmi. 

O^JlircoPICRXNX:.  An  ulkiJoid  containpd  in  thp  root  of  GlwmumJUvum.  V. 
in  extrai'ted  by  ejihituwtiiig  the  ri>ot  witli  acetic  acid;  precipitating  bv  ummnntu;  mSf 
Holriiig  the  iirocipitut*  in  acetic  acid;  precipitating  th«  solution  with  decnctioa  of  oflk- 
bark ;  treating  thia  precipitate  with  lime  and  alcohol,  ua  described  in  the  rrrpanfioc 
of  gkucine;  eiliuusting  the  alcoholic  rt*.sidue  with  ether;  evaporating  the  cthrxM, 
pnlution ;  treating  the  residue  with  a  very  iini(dl  quantity  of  ether,  which  leaves 
gianLOpicrine  nndiasolTed;  and  erystallising  from  boilin^^  water. 

Glaucopicrine  forms  granular  crystals  soluble  in  water  and  ulcohol,  esppciaQj  i 
hot ,  less  soluble  in  ether.  Its  jialta  have  an  extremely  bitter  aud  nanffpow  ttfto 
Animal  charcoal  removes  the  gkuconicrino  from  thpir  solutionB.  Glaucopieriiu!,  or  ttj 
of  its  salts,  heated  with  strong  solpburic  acid,  yields  a  dork  green  pitchj  pndocC 
insoluble  in  water,  acids,  and  ammonia. 

Hydrochtirratf  of  ylaucapicrine  crystaQises  in  rhomboidal  plates  or  in  tnnidlea  <k 
pri^mH,  soluble  in  wuter,  insoluble  in  ether.  The  tulphatc  ana  photphaU  are  likewise 
crj-stallisalile.     (Probst,  Ann.  Ch.  Pharm,  xni.  264.) 

O];jk.irC0SIIIJBJ|ITX.     Syn.  with  VrvuiOTB. 

OIiECHOIKA.      The  herb  of  gronnd  ivy  {Gltchomta  hfdfrtirra)  at  f 
time  contains  a  t^umic  acid  which  tttras  iron-ealts  green,  also  acetic  su^d,  i 

sugar,  gum.  volatile  oil,   waxy  aud  oily  sul^tances,   an   rtorid  and  a   - 
■nbetance.  &c.     1000  pts.  of  the  flowering  herb  lost  by  drring,  824  pi 
residue  3riclded  to  etuor  24  pte,,  then  to  alcohol  8  ptJt,  t^nen  to  wht*  r         ^ 
hydrochloric  acid  16  pts.,  and  fhcTf.  remained  72  pte.  of  insoluble  vegetable £bie  (^ J.  h. 
Enz,  Vicrteljuhrssehr.  pr.  Pharm.  x.  11.) 

CliXADIBr.      Sec  Ql-UTBN. 

OXIN KITE.     A  greenish  variety  of  olivine  frona  a  talooae  slate  in  Perm.  Rasai*;, 
alao  OiTiirritip  in  gneiss  at  Tunaberg  in  Sweden,  with  augite  and  gnrnot.  and  in  t«i  " 
3  inches  thitk  in  the  mica  slato  of  Kytschimsk,  north  of  Miaak  in  tlie  L'rai  {S 
OuvisK.) 

OXOBinbARIiL.  According  to  O.  F.  Wal«  (N.  Jahrb,  Pharm.  xiii.  2«n.  tJi* 
leaves  of  GlJrulana  Afi/pum  contain  a  yellow  colouring  matter,  a  p^     *  I 

globularitannic  :icid.  wjiose  lead-salt  dried  at  100°C.  contains  ( 
globularesin,  CH*^)*, hiivinga  very.strongandfragrantodour,«i 
globularin,C*H"0",  which  is  resolved  by  dilute  sidphuric  acidir^ 
C'^H"0' (a  wliitei  pulverulent  substance  which  melts  to  a  resin  wh.!  i      \- 

globularetin.  C'-H'*0*  (a  slightly  coloured  pulverulent  MubstaiuN*  iii>..>lM<jlrin  •tiid 
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and  precipitated  b^  water  from  its  alcoholic  solution),  and  glucoae,  iritli  eliminiitioD  uf 
I  at.  WAt«r: 

C»H**0"  «   C"H'*0*  -H  C"H'H>*  +  C»H"0*  +  H'O. 

For  details  respecting  thewf  compounds,  see  GirifUn's  Handbook,  xr.  88 ;  xri.  W. 

aiMMVlttW,  or  CMTTBT J^StUX.  (Lehman  n,  PhjsioL  Chem.  i .  366;  Handw. 
2*»  Atifl.  ii- 134.— Qerh.  it.  460.) — An  aiVmminooa  substanoe  existing  in  the  ci7ttt«lliDA 
l^ns  of  the  eye,  and,  according  to  Berzelius  and  others,  is  the  oorpusdes  of  the  blood. 
As  howiever  it  him  never  been  obtained  from  the  latter  source  £ree  from  coloonng 
matter,  the  identity  of  the  two  substances  cannot  be  oonaidsrcd  as  qtiit«  established, 
more  especially  as  the  albuminoiis  solwtanct)  obtained  &om  Uu  blood-eorpasclea  by 
Lehmann's  latest  process  difien  essentially  fioro  tliat  in  th«  OTstolline  leoa.    (See 

HjDf  ATO>CKYSTAU.tN. ) 

From  the  crystalline  le-ns,  globolin  is  obtained  by  tritorating  this  body  with  water, 
evaporating  the  filtered  liquid  at  a  temperature  below  60°  C.  and  purifying  the  diy 
residao  by  digestion,  first  with  ether,  tben  with  dilute  alcohol  Is  the  lens  of  the 
human  eye,  Bcrzelioa  found  36*9  per  cent,  of  dry  globulin. 

Qlobulin  thus  prepared  in  a  yellowish  tmnsporent  mass  which  swells  up  in  water 
and  dissolTes,  for  the  mofit  part,  forming  a  gummy  liquid.  The  solutiou  becomes 
opaline  at  TS**  C,  aud  depotiitH  a  cos^lum  at  93*^.  therefore  at  a  temperature  con- 
siderably above  that  at  which  altrnmin  L-oogulates  (i.  65).  Mixed  with  a  small 
quantity  of  acetic  add,  it  becom^-s  opaline,  and  deposits  a  coa^um  at  50°;  but  a 
larger  quantity  of  acetic  acid  either  prevents  tJie  coag:ulation  altogothcr,  or  renders  a 
temperature  of  100°  necessary  to  produce  it  The  aqueous  ftolution  has  a  slight 
alkaline  riMiction  and  behaves  with  miaerftl  acjds  nnd  metallic  salts,  in  most  respects, 
like  a  solution  of  albumin.  According  to  Lehmann,  the  solution  acidulated  with  acetic 
acid  is  precipitated  by  ammonia,  and  u  solution  mixed  with  ammonia  gives  a  precipi* 
tate  when  cautiously  ueutralised  with  acetic  acid.  Morwjrtr.  on  passing  carbonic  ncid  gas 
through  the  aqueous  sohtiiin,  a  precipitate  is  obtained  which  ii»  soluble  in  pure  water. 

The  chemical  compoiiition  of  gIo1>ulin  is  at'naibly  the  same  as  that  of  albumin. 
Mulder  found  it  to  contain  on  the  avcnige,  o4-36  per  cent.  C,  7'0  H,  16-6  N,  and  0-S 
to  1"2  S.     Lehmiinti  fouud  I'l  per  cent,  sulphur. 

According  to  Lehmann,  glnl>uHn  frum  the  crystalline  lens  yields  by  incineration 
024  Dcr  cent.  pho^jihaTes,  aud  lo5  per  cent,  soluble  salts,  consisting  of  alkaline 
chlorides,  sulphute.s,  and  plionpluttcH,  hut  no  alkaline  carbonate  (whereas  the  albumin 
of  Ht-rum  or  white  of  egg  always  yields  alkaline  ash).  But  the  liquid  separated  by 
filtration  from  coagulated  gU'biilin  yields  an  ash  contoinbg  alkaline  carbonate. 
According  to  tho  siiine  chpniist  alea,  plobulin  when  coagulated  by  h«at  gives  off 
ammonia,  and  the  tiltered  liquid,  infttcad  of  exhibiting  increased  allcaline  reaction, 
like  whitJ?  of  ep^  similiirly  heated,  is  found  to  have  an  add  reaction,  llencc  liehmann 
concludes  that  s'^Uible  globulin  emit uitw  ammonio-sodic  phoophate,  which  is  resolved  by 
neat  into  nmmonin  and  acid  pho^phale  of  sodium.  He  is  also  cf  opinion  that  globulin 
contaLufi,  in  combination  with  soda,  an  organic  acid — probably  Jucbc  ncid — to  which  is 
due  the  alkaline  ii><b  obtained  from  the  liquid  Altered  from  ca«giilat«d  globulin.  The 
presence  of  dilferent  mineral  salts  in  albumin  and  in  jtriobulin  may  perhaps  account  for 
the  slight  difli'rencea  observed  in  the  charactora  nf  (he  two  bodies. 

According  to  Valenciennes  and  Fr^my  (Compt.  rend.  xliv.  1122X  the  outer  and 
inner  portions  of  the  crystalline  lens  of  the  eyes  of  mammalia  contain  difivrent  oiodifl-' 
cationif  i»f  ivlbumin,  iiad  those  of  fishes  contain  another  albuminous  sobsteBM  Ctllod 
phaconin.    (See  PItk,  p.  615.) 

G&OOXSKZTB.  A  basic  ferric  eulphate,  2Fe'0*.S0*  +  6  aq.,  occurring  in  stalor* 
tites  of  considerable  size  at  Obergrund  near  Zuckmoatel  in  Austrian  Silesia.     (Sea 

SirtP  HATES.) 

OXiOlffOlir,    Syn.  with  NiTHOOLTCiJBiN.    (See  Gltckrim.) 

OXiOSacCOI^XTE.  (Shepard.  SiU.  Am.  J.  [2]  xxiv.  124;  Pisani.  Oom^ 
wnd.  41,  310.) — A  silicate  of  aluminium  from  Rising  Fawn,  in  Dade  Country,  Oeorvis. 
compact,  with  conchoidal  fracture,  dull,  of  white,  yellowish,  or  bnmnish  colour,  with 
shining  streak  ;  adheres  to  the  tongue.  Hardness  =»  2  to  2'6,  Spceifie  gravity  =  2*2 
(or  if  protected  from  penetration  of  water,  17).  Soft,  to  the  touch  ana  very  brittle. 
Heated  in  a  tuV^,  it  gives  off  water  (17  per  cent,  aceordbg  to  Shepard,  21-8  according 
to  Pii«ani),  and  turns  bluish-grey.  Infu-xible  before  the  blowpipe;  exhibits  a  fine  blue 
colour  with  cobalt-solution.  Decomposed  by  heating  with  sulphuric  add  Shepard 
regarded  it  as  an  opal ;  but  according  fo  Pisani'f'  analysis,  it  contAins  104  per  cenL 
SiO'.  37-8  A1«0',  a  5  MgO.  and  21  8  water  (-  inOo). 

mOTTAXiXTB.  A  mineral  from  the  preenstone  near  Port  Olosgow,  on  tho 
Clyde  :  oocurriirg  iu  i'iil>es  with  the  angles  Imnealed  ;  colourless  or  while,  with  ritrruus 
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GLUCIC  ACID. 


lustM.  Aoconling  Us  TliomHun'a  aaiilyais  {OutiineM  of  M'tmtralogy,  i.  328),  it  cdb- 
lains.STtH  8iO».  1G31  AlQ',  OSO  tVO»,  2393  C«0  aod  21-26  wviUr  (- Wov), 
hgjxMjing  approximately  with  the  formula 

6(CftO.SiO»)  +  2Al«0'.3SiO«  +  18Aq.,    or    3CiiSiO».(ar)'SiO«  •»►  ttaq. 

Ur^e  {Minrralf  of  (irtat  Jfriiain,  p.  171)  rp^jards  thv  mioeritl  M  cb*b«*ite,  mnrw 
which  does  not  accord  trilh  ThoniBon**  annlysiB.  Th*>  f-jcist^nce  of  the  miomilMa 
distinct  spori^^B  eaunoL,  howevei-,  be  couaidKred  aa  positively  eslJibliflbtxL  {Mamrndt" 
btrtf  s  Minttrtdchemie,  p.  781.) 

OX.VCZC  ACZ]>.  C'^H^'O'  -  C^^'^O"*  (Peli^ot),  or  C**H"0*K2H0  (Roeh- 
Irder  and  Kavalier).  Kali  saccharic  acid.  (Pellgot,  Ann.  Ch.  Phya.  Ixrii.  164; 
Maldfr,  Ann.  Ch.  Pharm.  xxx^i.  243;  Gerh.  ii.  flfi3.)^An  acid  prodnced  hy  Ih* 
action  of  acids  and  alkaliH  on  Nogar.  A  solution  of  dpxlroglueoM?  (^grape-  or  -•  ••^  ^'. 
RtigarX  HHtiirated  with  lime  or  baryta,  and  left  to  rtaolf  for  BPTeml  w«i«,  t'' 
loAcs  its  alkalin<>  retuiion,  and  the  btive  vhich  it  contaios  is  no  longer  pivcipiij 
carbonic  ncid.  It  then  pi'VTB  with  basic  acetate  of  lead,  a  bulky  whitf?  prrapiL>r«  of 
bHsic  plucato  pf  lead,  whi<'h,  when  decomposed  by  stdplffdric  acid,  _>neld»  jtlu«<'  arid 
(Poligot).  An  easy  mode  of  preparing  the  acid  is  to  mix  grape-sugar  iTirlt«jd  ■! 
IQdP  C  in  its  water  of  o^stallisation,  with  a  warm  concrntrated  solution  of  raustir 
biii^'ta,  potash,  or  Boda.  Great  rise  of  temperature  th«n  takes  plare ;  and  if  the  actioo 
l>e  stepped  before  it  has  gone  too  fer,  a  large  quantity  of  riucic  arid  la  obtained, 
wliich  may  be  extracted  with  basic  acetate  of  lead  as  above.    (Persor,) 

Glucic  acid  may  also  be  prepared  by  boiling  cane-sugar,  in  contnct  witJr  the  air,  with 
dilute  eulphuric  acid  ;  filtering ;  saturating  with  chalk ;  eraporattng  to  dryne#i< ;  tnl 
digosting  the  pesidne  in  a  rery  small  quantity  of  water.  The  brown  Kvrnpy  liquid  Ihra 
ofacainMC  which  contains  acid  glueate  of  caleium.  togt^ther  with  the  c;dcium-fsrlt  nf 
apofflucic  acid,  a  email  quantity  of  sulphate  of  calcium,  and  nnciy^ffalli--:!!^-  •-  ■  is 
tt-eatcd  with  alcohol  Uy  precipitutc  thf*H|)oj;luettte,  and  decolorised  with  an :  . 

then  mixed  with  cauHtie  lime  insufficient  qiumrity  to  dc^tKiy  the   acid  r       '  r.^l 

MgaJM  with  alcohol,  which  thrown  down  neutral  glucate  of  calcium  in  white  fliur*. 
From  tliJK  salt  the  acid  msiy  be  obtained  ty  precipitating  its  solotion  with  ba«e  atr-uu 
of  lead,  as  aboTft.     (M  uld  e  r.) 

According  to  Kochleder  .ind  Kawalier  (J,  pr,  Chem.  Ixxiv.  28,  299:  Jahr«^ 
188fi.  p.  267),  gallotanuic  acid  boiled  with  baryta- water  yields  glncic  and  gallic  acids 
and  if  the  h'quid,  when  cold,  be  filtered  to  separate  the  precipitate  of  pillute  of  bwicn, 
the  filtrate  shaken  up  with  air,  and  the  rusty-brown  precipitate  thereby  formed  be  re- 
moved, a  solution  is  obtained  firee  from  gallic  acid ;  and  on  removiug  tb*  baryta  Ij 
sulphuric  acid,  prncipitating  with  bade  acetate  of  lead,  decomposing  the  predpitate  with 
sulphydric  acid,  and  eTapotating  in  vacoo,  glucic  acid  remains  in  the  fcTnn  of  a  tliick 
acid  syrup. 

Ghicic  acid  (from  sugar),  obtained  from  ita  solntioa  by  evaporation  in  racoa  is  a 
colourh^ss,  amorphous  body,  resembling  tannin,  very  soluble  in  water  and  in  alcohol ; 
that  obtained  trom  tannic  acid  does  not  wlidify  (Kawalier).  According  to  MaH* 
it  does  not  absorb  moiBtnre  fW>m  the  air.  but  according  to  Peligot,  it  is  highly  hydro- 
Bccpic  when  drf.  It  has  a  very  fresh  taste.  Heated  to  100®  C.  it  dcctmtpn«F-e,  rank- 
ing brown,  and  giving  off  a  large  quantity  of  water.  The  aqueons  ^' 
Itrown  when  boiled  in  contact  with  the  air,  or  with  dilute  rrulphuric  or 
acid,  forming  apoglmeic  acid.  With  Uie  same  acids  iu  the  concentrated  state,  ir  jurms* 
brfjwn  ulmic  Rubstanee  inwoluble  in  water. 

The  fftucaiee,  both  acid  and  neutral,  are  soluble  in  water.     The  nrvtral  ralriim 
tali,  dried  at  100°,  is  permanent  in  the  air,  and  appears  to  contain  C"H»*(Ca'^»0'»  ♦ 
H-0  (Analysis  by  Mulder.  38  4  per  cent.  C,  4h  H,  and  23  2  Ca ;  calcuUtion,  88-8  C, 
4-0  H,  and  22*6  Ox).     It  is  very  soluble  in  water,  sparingly  in  aloohoU     The  aqa«w» 
eotutinn  i^  dccompobcd  by  carbonic  acid,  yielding  acid  glucate  and  carbonate  of  caldtun. 

The  arid  ca/rinm-sa/t  crj'stallises  in  needles,  soluble  in  alcohol.  It  is  produced  It 
the  action  of  afjueous  glncic  acid  on  carbonate  of  calcinm. 

Basic  qhtcntc  of  Ifutl  is  insciluble  in  water,  and  appears  to  contain  C**H*lPV')*0'*. 
3PbO  VH^O.  (Analvsie  by  Peligot,  US  and  14"2  C,  1-9  H,  69-8  and  70-5  Pl«; 
CHlculation,  l.vO  V,  1*7  K,  and  700  Pb.) 

Apag-ladc  ifccld,  tho  product  formed  from  glncic  acid  by  oxidation  in  tJ>«  «if 
(p.  848),  Tn.iT  br^  !*epnrated  from  the  solution  of  iu  ealcium-fialt  by  precipitating  with 
mvtate  nf  laid,  and  decomposing  the  lead-salt  with  sulphydric  acid.  In  the  dry  stale 
it  forms  a  brown  amorphous  mas«  easily  soluble  in  water,  sparingly  salable  in  alohol, 
inwluble  jr,  other.  ALVordtng  to  Mulder,  it  contains,  when  dried  at  1 20*  C.  C'»A/**0» 
+  H(K    It  is  porhaj*  identical  witJ]  assamar.    (See  Assamar,  Caaawct,,  Ilnvic  acii\ 
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LUonnmc.  GlyduDk,  BtryUium.  8ymM  Q;  atomie  weiffkt  9*4 :  or  SymM 
Hi)-,  ati/mk  weiffhi  II. 

TliiA  9oin«what  rmre  metat,  the  oxide  of  which  WM  diaeovered  by  Vaaqneb'n  in  1798, 
occurs  as  a  silicate,  either  alone,  u  in  pbenante,  or  asaodat«d  with  other  flilieates,  in 
bf'ryl,  fueUfie,  Icacophano,  hoirite,  and  seTcniI  varietiea  of  gadoUiut«;  also  as  an 
aduQiiaute  in  chrysobi-ryl  or  ryniophan«3. 

Wobler  and  JSuaaj,  im  1828,  &nl  obtained  metallic  glaciaam,  though  in  an  impure 
and  pulveralent  state,  by  fusing  the  chloride  with  potassium  in  a  pUtiuuro  crucibU'. 
Beciiuerel  afterwards  leduowl  it  ia  slwl-grey  cry»tnlline  scales  by  eltvtrulYsing  a 
■olutioa  of  the  chloride ;  and  Debray,  in  1854  (Ann.  Ch.  Phya.  [8]  xlJT.  5).  obtiun«4 
it  in  the  compact  flUte  by  redacing  the  chloride  with  Hodiam,  m  a  manner  aJmiLip 
to  Ik'vtilc's  first  process  for  th*»  reduction  of  aluminium.  A  Hraall  dish  contuining 
chlorido  of  glacinum  is  introduced  into  a  combustion-tube,  and  after  the  air  has  been 
expelled  by  a  current  of  hjdrogpn,  anothtir  small  dish  containing  metallic  nodium, 
prerioosly  well  cleanaod  from  naphtha  by  pressure  between  filtering  paper,  is  likewise 
intruduced.  Heat  ia  then  applied,  first  to  the  sodium  to  melt  it,  and  then  to  the  chlo- 
ride of  gluiiiouin,  which  rolatiliscs,  and  coming  in  contact  with  the  mt^ltod  sodium,  ia 
thereby  decomposed.  A  black  mass  consisting  of  glueinum  and  chloride  of  sodium  is 
thtiB  obtained,  from  which  the  lUffXA  may  be  senarated  in  distinct  globules,  bv  meltins 
the  mftsa  in  a  small  crucible  with  an  atkiitionaJ  quanlily  of  chlwride  of  sodium,  ana 
wahhing  out  the  buluble  salts  with  water.  The  improved  methods  of  reducing  chloride 
of  HJunuuium  with  sodium  (L  1^0)  might  doubtleas  be  applied  with  advaatagc  to  the 
pri'psirattun  of  gliicinura. 

Glucimum,  as  obtained  by  Debray'g  pnioeM.  is  a  white  metal,  of  specific  gravity 
2-1.  It  may  be  forged,  and  rolled  into  sheets  like  gold.  Its  melting-point  is  below 
that  of  silver.  It  may  be  melt«d  in  the  outer  blowpipe-flanie,  without  exhibiting  the 
phcnomeuoa  of  i^ition  presented  by  sine  and  iron  nnder  the  oame  circumstances  ;  it 
cannot  even  be  avt  on  Arc  in  an  atmoaphwe  of  pure  oxygen,  but  ia  both  experiments 
beoome«  covcrcii  with  a  thin  coat  of  oxide,  which  seems  to  prot<«ct  it  from  further 
oiiange.  It  do>^s  not  appciir  to  combine  with  sulphur  under  any  circnmstanees,  but 
unites  directly  with  dilorine  and  itxline  with  the  aid  of  heat  It  onites  rMidilv  with 
»Uicon,  forming  a  hard  brittle  sulwtance  f«usceptible  of  a  high  polish ;  this  alloy  ia 
always  formed  when  glurinmn  is  reduced  in  p<')rc«laiu  vessels.  Ofucinum  does  not  de- 
oompose  toaicr  at  a  boiling  heat>  nr  even  whc-n  healed  to  whiteuees.  Sufphuric  and 
kjfdroch/oric  aciJa  dissolve  it,  with  evolution  of  hydrogen.  Nitria  acid,  even  wlu-n 
ooncentrated,  does  not  act  upon  it  at  ordinary  lemperatares,  and  dissolves  it  but  nlowly 
at  the  boiling  heat    Glucinum  is  oot  attacked  by  amnumia,  bat  dissolves  readily  >« 

The  aliove-raentioned  properties  differ  considerably  from  tliose  of  the  mftal  whi<fl 
Wohkr  obtainfd  by  ij^iiitiog  chloride  of  glucinum  with  potassium  in  a  platinum 
crucible,  the  metal  tbu«  pnSiuced  being  a  grey  powdc't,  very  refmotory  in  the  (irt;, 
hut  combining  with  oxyK<*n,  B«lphur,  and  cJilorine  much  m')re  energetically  than 
Ilebray's  metal.  The  dilferences  appear  to  be  due,  partly  to  the  ditferfut  states  of 
aggregation,  and  partly  to  the  contamination  of  Wobler's  metal  with  plattnom  and 
potassium. 

CoinjKiund*  of  Ghtcinum, — Crlarlnum  forms  but  one  class  of  compounds,  and  info 
these  it  was  suppneed  by  Berxc^lius  to  enter  as  a  triatomic  radicle  (with  the  atonie 
weight  7)  the  chloride  being  Be'CI*.  and  the  oxide  B'O',  this  view  being  bast-d  upon 
certain  msembiauci^  bt-tween  the  chlorides  and  hydmtea  of  plucinani  and  nlumininin, 
and  upoti  the  suppfjsed  capability  of  glucinum  and  alaminiuni  to  replaci-  one  another 
in  indefinite  pi-o port  ion  in  minerals,  e,g.  in  chrjrsobeiyL  This,  however,  has  been 
completely  disnrovf-d  by  the  researches  of  Awdejew  and  Damour,  from  which  it 
appears  that  the  proportions  of  glucinum  and  aliuniiuttm  ia  chrysoberjl  arn  quite 
constant,  from  wliatHver  locality  the  miaeml  may  be  derived.  Moreover,  glucina  bears, 
on  the  whole,  a  njuch  closer  rcaemblance  to  the  protoxides  than  to  the  sesquioxidea. 
It  forms  a  carbonuto  tud  double  carbonates,  which  iUnmina  does  not.  When  strongly 
hetibed  it  volatilises  like  magnesia,  without  fusing,  whereas  alumina  melts ;  and  it 
cannot  Ini  fujud  with  Ume,  as  alumina  can,  without  the  prceeuce  of  another  body,  such 
as  Htlica  or  alum  in  it. 

Apiin,  chlnridp  of  glucinum  does  not  form  definite  compound.'*  with  the  alkaline 
chloridf^  as  chloride  of  aluminium  does.  For  these  rett-wns  Deliray  regimls  glucinum 
UH  diatomic,  that  is,  aa  replacing  2  at.  of  hydrogen,  and  aaBigQ^i  to  glucina  the  for- 
mula OO. 

This  view  of  the  ntonnVity  of  glm-inum  is  further  recommended  by  the  greater  sim- 
plicity of  thn  f<irmuhe  which  it  nffHnlH  for  many  of  the  compoouds  nf  the  mt-tal ;  lrtk« 
for  example  tho  jilit»spljat(<s  aniityised  by  Si^^hef  Fer  (Ann.  Ch.  Pharm.  cix.  144): 
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GLUCINUM,  ALLOYS  OF 
0rthopho9pkat«9» 
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^^[P»0»   ^-eaq.  .     t^^[0»+3«,. 


Ua'OlP»0*  +  7aq- 


3(P0)' 
G* 
N** 


0«  +  7  mq. 


B«  -  14. 


Be>OM 

aNfiK)   3PK)»  +  2laq.a 
8(NH«)»0) 
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*g:gJ2PH)»+  7  aq.  =  ^^[O"^  7  aq.  6BgOJj,p.o.^,,^_^^^^:U,,,, 

2G"0.P0»  4  6  aq.  -  ^^'.^{O*  +  5  aq.  |      2Bc»0»aP^  +  15  aq.  ='^^)C[o«  +  l*i, 

On  the  other  hAnd.H.  RoBo(Pogg.  Ann.seri.  445)  UdiapoAod  to  regard  glodiuuii 
fte«qaioxiiio.  ptirtiy  from  certain  considerations  relating  to  its  tpcciftc  ToliiiDe,  and  fur- 
ther, becauKU  when  heated  with  aikaline  earbonfttefl,  it  decomposea  thcin,  which  nn 
protoxide  is  knowQ  to  do.  It  must  also  be  obaerred  that  cnan;  cmnpoanda  of  gluauun 
are  not  isomorphoos  with  the  generalitj  of  Bubstaneee,  which,  if  glacinum  be  moaatomic. 
mast  be  repreaeat«d  hj  Bimilar  fonnul».  Thiu  glucioa  is  not  isomorphous  with  Uom 
or  magneeia;  chrysoberyl,  if  cxpresaod  by  the  forniahv  (A1')'*G''0*,  will  be  xnclnded,e(> 
far  lu  cotnpoeition  go^,  in  the  clii8«  of  gpineh;  but  in  crystAlline  form  it  diffen  cmmih 
tially  from  all  other  minerals  of  thnt  clusn.  The  emerald,  G"ar'Si'0*.  also  diffcTi 
completely  in  crj'stAlline  form  from  Uw  generality  of  ailicatee  of  the  form  M"SiO*. 
Ord  way  (Sill.  Am.  J.  [2]  xxvi.  197)  finds  that  glucioa  hae  a  great  tendenCT  to  fona 
Ivisic  saltD  with  three  and  aix  at.  of  metal  to  1  at.  of  acid  radicle,  and  addnces  thji 
tondoncy  08  an  argtiment  in  favour  of  the  trivalent  of  the  metal ;  inaamuch  as  aliuniBiata 
and  ferricttm  exhibit  the  same  tendency ;; — bnt  aa  lead,  which  is  certainly  not  triTaleat, 
forms  a  great  number  of  basic  salts  of  similar  eonstitution,  this  argument  baa  not  ondi 
fonee. 

On  the  whole,  the  question  as  to  the  equivalent  value  of  glncinum  cannot  be  rtgaided 
as  decided,  but  the  balanca  of  evidence  perhaps  inclines  in  favour  of  the  tri-equiriiifat 
Ttilue. 

The  afSnityof  glrcinn  for  acids  is  less  than  that  of  the  alkaline  earths  and  of  ymi*. 
tut  stronger  than  that  of  altimina;  for  the  hrdmte  dfoompoeefl  ammoniacal  salts  at  the 
boiling  heat.     The  hydrate  dissolves  readily  in  acids,  the  ignited  oxide  slowly,  bat  it 
may  be  rendcffHi  easily  soluble  by  fusion  with  sulphate  of  potassinra.     The  saUa  are 
colourlees,  unlcBS  the  acid  itself  is  c«ilr>ur<^  :  many  of  them  crystallise  well.     3ij«t 
ncntral  glucinnm  salt-s  are  soluble  in  water ;  the  oolutions  hare  a  sweet,  astrii 
l^iste,  and  redden  litmus.     Many  glticiniim  Balt«  which  are  insoluble  iu  water,  e.^. 
lK)ratp.  phosphate,  cjirbonjittv  &c..  diKSolve  rpadily  in  acids.     The  silicates  diasoir 
sicids  only  after  ignition  with  sulphritp  of  jiotuMium;  by  fusing  them  with  caastica}' 
Lilikur  alkaline  carbonntes,  tlu>  glucirm  in  separated,  and  )8  then  soluble  in  scids. 
Olucinum  8alt«  containing  voUtile  Acids,  even  the  sulphiite,  give  off  the  acid  wheo 
ignited  ;  the  anhydrons  chloride  ri>latili»c»  without  decomposition. 

Gliicina  has  a  ^-Ht  tendency  to  form  ba«<ic  tuihs.  Arronling  to  Ordway  the  Dsatnl 
nirr«U>,  0"(N0')'  +  311-0.  or  lip-0'.3N'0»-(-  9H'0,  hnat^^d  for  20  hours  OTer  the  watsN 
bath,  leaves  a  soluble  l«»ic  nitrate  oont^iininp  G"O.G"(NO')»  +  3H>0  or  2Be*O*.3N*0» 
+  0H*O  ;  the  same  salt  remains  in  ftolntion  when  an  nqneooE)  solution  of  the  neutral 
nitrate  is  treated  in  the  cold  wilh  carV-onate  of  bnrium,  but  on  boiling,  the  whole  of 
the  glucina  is  precipitativi  in  the  form  of  a  KvJt  containing  a  gre«it  exceaa  of  bat^ 
The  neutral  nitrate,  formate,  chloride,  bromid:-.  and  iodide  of  glurinum  may  b«  aUwi«t 
wholly  con\-erted  into  tribasic  salts  by  dicestion  with  hydrate  of  glndiram.  The 
ncutml  nitrate  may  hIso  be  convertpd  intT  (he  tnbHsic  salt  by  partial  neutralisatioii  of 
the  acid  with  ammonia:  the  sulphate  al.tnin  like  manner,  but  the  solution  does  not 
b^ar  dilution.  The  solution  uf  the  acetate  dissolves  hydrate  of  gltieiaam,  tdl  it  is 
converted  into  a  sexbasic  salt. 

OltJTClMXtWM,  AXiZtOTS  OF.  But  little  in  known  of  the  alloys  of  gluciitTmL  An 
alloy  of  t  hi<t  mfttal  with  iron  is  obtained  by  heating  glocina  to  whttenses  in  contact  with 
iron  and  charooal  (Strom oyer),  or  with  iron  and  potassium  (H.  Davy) ;  also  by 
•iKVimposing  glucina,  in  an  atmospher**  of  hydrogen,  by  the  current  of  a  powerful  v<ii- 
L.ic  hattpry,  the  npgatirp  pole  of  which  is  formed  of  an  iron  wire,  which  is  fused  by 
tho  cwn-nnt  (H.  Dnvy).  The  alloy  obtained  by  Stromeyer  is  whit*  and  lea 
BULllcjibk  than  iitm,  and  dissolves  in  acids,  forming  a  glucinum-salt  and  a  ferrrne  salL 
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Gi.ucxwirK.  BSOBCZSA  OF.  OBr'or  Ba^H.— Qlucinum  tiikM  flr«  whan 
hfsted  in  bromiDe^Tapotu-,  torming  abromide,  whiciiBabliinei  in  loog  coloarleMprinDii, 
IB  fuaibie,  volatile,  and  dismlres  in  water,  with  nt>at  ris*  of  t*rapenitiir©.  — HydratA 
of  glaciiu  duBolves  in  aqueous  hydrobromic  acid,  and  the  solation,  when  evapunitfld, 
^  ields  deliqvracetit  crystala  of  a  faydrated  bromide,  which  when  ignit«d  h*ve  a  residue 
ofglucina.     (Berthctnot) 

OXiVCimmc,  CBX»0»n>a  or.  GCI*.  or  Bi^KH*.— Formed  by  heating  the 
metal  in  chlorine  or  in  hydrochloric  acid  gao,  and  by  the  action  of  aqueoiu  hydrochloric 
add  oit  the  metal  or  ita  oxide.  The  anhvdroos  chloride  is  preparad  by  paasing  dry 
chlorine  gna  orer  an  ignited  mixture  of  glncina  or  palverised  beryl  with  charcnal.  It 
then  cojlerta  in  the  coldtr  parts  of  the  tube,  or  in  the  receiver,  in  silky  needles  and 
Bakeis  tliickly  interwoven  or  caked  together  into  a  dense  mass.  It  melts  at  a  gentle 
heat,  and  at  a  higher  femtM^rature  again  sublimes  in  needle?.  It  is  less  volatile  than 
chloride  of  aluminium.     Hea«ed  with  pofussiam  or  sodium,  it  yields  glncinnm. 

Chloride  of  glucinum  dissolves  in  water,  with  considewiblo  ria*  of  temperature  and 
a  hissing  noise ;  it  is  very  deliqaescent.  The  solution,  which  may  also  he  obtained  by 
disaolTing  glucina,  or  the  metal,  in  hydrochloric  acid,  deposits  on  evaporation  a  crys- 
talline mass,  consisting  of  the  hydrated  chloridf,  (4Cl'.2ll*0,  A  bajitc  chlortdr,  or 
OTffchioride,  is  obtained  by  boih'n^  the  aqtieons  sfilution  with  gluctna,  or  by  treating  it 
with  a  quantity  of  amnionirt  not  .Kufficient  for  complete  pro«'ipitiition. 

OX^VCXirVM.  SBTBCrrXOir  AXU  BSTZMATZOV  or.  l.  Rrartian*,— 
Glijfinum  ia  not  ruvcipitattnl  from  neutral  or  add  solutions  by  gutphtfdrie  acid. 

Afkahne  f>vfpktd,x  throw  down  hydrate  of  glucinum  as  a  bulky  whit*  precipitate, 
with  evolution  of  suJphydric  acid. 

Cauatis  potash  and  soda  form  a  gelatinous  precipitate  of  hydrate  of  glucinum, 
soluble  in  excess  of  the  a-lkali,  but  completely  preapitated  on  boiling,  if  the  solution  is 
dilnti*,  and  redissolring  only  lo  a  very  slight  extent  on  cooling ;  if  the  caustic  alkali- 
fw^lution  was  very  ix»Ticentr;ite<t  the  hydrate  does  not  separate  from  the  boiling  solution 
till  wat#r  is  added,  but  the  prwipitation  then  takes  place  immediately. 

Ammonia  also  precipitates  the  hydrate*,  uvea  in  presence  of  ammoniacal  salts;  the 
precipitate  ia  not  solulde  in  excess  of  ammonia. 

The  alkaline  mrffut.  and  likewise  magnesia  and  yttria,  precipitate  glucinnm  a**  a 
hydrate.  The  iwriit^i  aiid  acid  oarhfmatfs  of  potassium  and  wdium  throw  down 
a  bulky  precipitate  of  carbonate  of  glucinum,  soluble  in  a  large  excess  of  the  reagent. 
Carbonate  of  ainnumium  produces  a  ttimilar  precipitate,  but  soluble  in  a  much  smaller 
excess. 

Carbonate  of  barium  precipitates  glncina  completely  at  the  boiling  heat ;  in  the 
cold,  according  to  H.  Rose  (Uandb.  d.  Chem.  Ana!,  ii.  61),  no  precipitate  is  formed; 
but  according  to  Awdejew  (Pogg.  Ann.  Ivi.  101)  and  Weeren  {ilnd,  xcii.  S>1), 
partial  precipitation  takf-a  pl«ce.  Ordinary  pkottphat^  of  sodium  throws  down  a  floo 
enlr-nt  precipitate.  Ferrocyanide  of  potassiutn  produces  no  precipitnto  at  fir^t,  but  the 
liquid  becomes  gelafinous  wfter  a  while.  Alkaline  mcrinaUs  form  a  white  precipitate; 
tincture  of  galls  throws  down  yellow  flakt-s.  Glucinum  salts  are  not  precipitated  by 
Bulphate  of  potawium,  hydrofluoailieic  acid,  carlK>nate  of  caldam,  oxalic  acid,  alkaline 
oxalates  or  tartrates,  or  by  fcrricyanidi*  of  potassium. 

The  reactions  of  glucinum  are  in  most  respects  similar  to  thow  of  aluminium.  A 
sufficient  distinction  between  the  two  is,  however,  afforded  by  the  reaction  with  car^ 
bonate  of  ammonium,  which  dissolves  the  precipitates  of  glucinum  formed  by  alkalit 
and  alkaline  carbonates,  but  not  the  corresponding  precipitates  of  nluminium.  A 
further  distinction  is  that  gladnum-eomponnas,  moistened  with  nitrate  of  cobalt  and 
heated  before  the  blowpipe,  do  not  give  the  blue  colour  which  is  characteristic  of 
alumi  n  ium-eompoimds. 

2.  Qnantitativf  Estimation  and  5<'para/io».— Glucinum  is  precipitated  from 
its  solutiotift  for  quantitative  estimation  by  ammonia,  or  better  bj  sulphide  of  ammo- 
nium.    The  precipitate,  when  waahed  and  ignited,  yields  pure  anhydrous  glucina. 

The  methods  of  separating  glucinnm  from  other  metais  are  for  the  most  part  the 
same  as  those  for  the  separation  of  aluminium. 

When  glucinum  and  aluminium  ocnar  together  in  solution,  the  be«t  mode  of  sepa- 
rating them  is  that  given  by  Boracliin',  viz.  to  boil  the  precipitated  hydrates  with  ■ 
highly  Loiiceut rated  solution  of  sal-ammaniac  as  long  us  animouia  CQUtinues  to  CM-npe 
The  whole  of  the  glucina  then  diiMtolves,  and  the  alumina  remains  bfhintl.  To  ensure 
complete  separation,  it  ia  neceiwaTy  to  add  the  sal-ammoniac  solution  before  precipilii- 
li"K,  and  continue  the  boiling  for  a  considerable  time,  renewing  the  water  as  it  evspo- 
nilt'S,  to  prevent  the  solution  becoming  too  concentnifrd.  When  the  evolution  o( 
HHimonia  cea.vs.  the  solution  is  to  Ite  diluted  with  «  large  quantity  of  hot  water,  then 
tiltcred  hut,  and  thfs  glucina  precipitated  by  sulphide  of  iimmcuium.    The  methm] 
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ttsnnllv  jE^Teo  for  effieding  tJiis  sepnration— ris.  tiy  digeoticm  in  a  cold  strong  tolati(« 
of  carbouftto  of  anunoniam — is  not  SMtiafdCloiy,  beoauee  «  portion  of  the  alnmina  di»- 
w>lrc!4  togptlier  lirith  the  glucina,  although  by  itself  it  is  qmte  in»^>Uible  in  cufbonut*  of 
ammoninm.  Ni-ifhcr  dw«  precipitation  with  oirbonate  of  burium  gire  Mtia&ctorj 
wanlts,  a  yHjrtion  of  the  ghicma  always  going  down  wJth  thp  alamina.     (W«eren.t 

Apcording  to  V,  HofmeiHter,  on  the  contmry  (J.  pr.  Ch«in.  Ixxri.  1).  iho  nielbod 
of  digestion  in  carbonat/t  of  ammoriin  is  the  beet  of  all  mrlbods  uf  aepanting  giocim 
from  alumina,  provided  it  be  carriod  out  a»  follows: — The  mixture  of  the  two  eartka 
ynTcipitatod  by  caustic  ammonimn  and  washed,  is  dip;e«ted  in  a  quautity  of  aolinii 
of  carbonate  of  ammoninm  not  much  more  than  sufficient  to  diasolTC  thr  wIm1«  ' 
the  glucina,  this  qiianfity  having  been  approximately  deternuned  beforfdusd. 
alumina  which  remams  w  then  perfectly  free  from  RlnVina.  The  aohitioo  oontaina  th* 
whole  of  the  glucina,  together  with  a  certain  qmuotity  of  alotniiia ;  if  the  qouDritr  of 
aluminii  thrna  disaolved  i»  rather  large,  the  aolution  bwomec  f^ontaneoualy  turbid,  oft^r 
BtHuding  for  6  to  12  hours.  The  solution  ie  acidulated  with  hydrochloric  odd,  ht^ited 
till  all  tlie  carbonic  acid  is  eipeUed,  and  precipitated  by  cauatic  ammonia.  The  wfll- 
whiiIk^  precipitate,  if  treated  with  a  quantity  of  carbonate  of  ammonium  tmalUr  ihjia 
.  that  prerinusly  used,  yields  a  rrsidtie  of  aluminA.  which  may  contain  glucina ;  aad  ia 
that  caae  the  resulting  solution  ia  free  from  alumina.  The  sanie  trratiueDt  is  nnv  b> 
be  applied  to  this  undiaaolxed  residue  (or  to  the  aolntion,  if  th©  rtaidue  i»  fre«  from 

Slucina) ;  and  in  (Ms  manner  a  complete  Beparalion  of  the  two  earths  is  cffect«d>  Tb» 
eat  way  of  precipitating  the  glndna  from  its  solution  in  carbonate  of  ammonium  ia  te 
luperBatnratd  with  hydrochloric  add,  and  then  with  amraoniji  mixed  with  a  h'lUe 
Bolphide  of  ammonium.     (See  also  Sch offer,  p.  863.) 

3.  Atomic  weight  of  Gtueinum. — The  atomic  weight  of  glucinnm.  baa  not  yet  li««m 
L  determined  with  the  ^ame  degree  of  eccomcy  aa  those  of  most  other  tnetala,    Tb« 

•ariy  determia«,tion«s  founded  on  analyses  of  lie  chloride  and  sulphate,  were  modi  t 
■  high,  the  error  having  apparently  arisen  from  the  formation  of  basic  8alt«  in  th«  •~ 
'  cipitations,  ao  that  the  sepanitioQ  of  the  base  and  add  was  not  completCi 

Awdejew  (Pogg.  Ann,  Ivi.  101)  found  in  chloride  of  glurinnm  prepared  by  \ 
action  of  chlonnc  on  a  mixture  of  gludno  and  eharooal,  from  867  to  88-3  per  cent 
of  chlorine;  whence,  for  tho  furmuIaGCH,  he  fluda  G  =  9-64,aad  for  Bo*Cl*,Be-ll<. 

i-fom  the  analysis  of  the  sulphate  of  gluduum,  G'SO*.  Awdejew  found  for  th* 
atomic  weight  of  glucinum  (S  =  32'2)  raluos  ranging  frim  0*18  to  B'444,  mma 
O  —  9  3,  whicli,  if  reduced  to  the  value  which  it  anould  have  for  S  «  H,  heeomm 
G  =  9-24orBo-l;J96. 

From  these  determinations,  the  atomic  weight  of  glucinum  may  be  ectiinattd  < 
proximately  as  G  =  9  4  or  Bo  =  H. 

O&vrcxviTM,  rirVOmma  op.  GP  or  B^F».— Th©  anhydrous  fluoride  » 
not  known.  The  wilution  of  hytlruto  of  glucinum  in  aqueous  hvdmfluoric  acid  drio*  op 
tj  a  colourlees,  truiiRrnrerit,  gummy  maw,  which  remjiina  cleiix  at  60*^  C,  but  gires  •>€ 
wuter  and  becomes  milk-white  at  KW.then  sweUa  up,  and  at  a  rtd  heat  givea  ofTiHft 
of  its  acid,  provided  the  whole  of  the  water  has  not  prerioualy  been  driven  cdE  It 
diSBoiyefl  readily  in  water,  even  after  it  has  been  heated.     (Berzelina.) 

Fluoride  of  Glucinum  and  PotoMiium.    2X^0^.  or  eKF.Be'F'.— Pr«ripJiat«d  ia^ 
small  BCftly  crystals  on  mixing  the  solutions  of  the  component  fluorides.    If  the  fluorid 
of  potAMiium  be  added  in  excess  to  the  suluiion  of  chloride  of  glucinum,  the  compovn 
•eparatos  in  the  form  of  a  jelly,  but  ita  solution  in  hot  water  yields  ciyitAUiMi    ' 
on  cooling.     (Berzcliua.) 

OXiVCimniS*  IOBXSB  or.    GI*  or  Bel*.— Glacinum  takes  fire  wlien  hestfd^ 

in  iotline  vapour,  the  iodide  subliming  in  colourless  prisma  easily  soluble  in  water 
(Wohlcr).  It  is  Ikhs  volatile  than  the  chloride,  and  is  decomposed  by  osygen,  errn 
at  the  hmt  of  a  spirit-lamp,  yielding  iodine  and  glucina.     (Debraj.) 

eiiVCZVirM,  01U9«  or.  Glucina.  Beryllia,  BeryUerde,  SSsmdt,  GO. 
OP  Be'O'. — GUicina  may  be  prepared  from  beryl  or  either  of  the  otbn*  ailicate*  of 
gluonnm  by  calcination  with  alkaline  hydrate  or  carbonate,  or  with  qoii^tmc. 
Weereu  fuses  an  jntimate  mixture  of  1  pt.  finely  pounded  beiyl  and  8  or  4  p«». 
carbonate  of  potaasium  in  a  hessian  enidbic,  keeping  the  mixture  at  a  full  white  henit 

'  for  two  htnira ;  tn»U»  the  fiwed  mass  with  hydrochloric  acid  in  the  utjual  way.  to 
aepHrate  silica;  precipitjitcs  the  glticina. aluiuinu, and  ferric  oxide  with  ammonia  ;  and 

'  bf«ils  the  precipitKte  with  a  strong  solution  of  sal-ammoniac  aa  long  a»  ammonia  ciiu- 
tinuej*  to  escape.  I'rwiueiitJy  renewing  the  wnter.  By  this  means  the  glucina  alutie  » 
dii'einlrerf,  and  may  he  pretnpitate<i  by  iimmonia  or  sulphide  of  ammf^nium. 

Hehray  pifpnriHgiui-iniifmm  the(-m«Tald  of  Limoges  by  the  following  proce^  Tlw 
mineral,  finely  pnundetl  (levigatioa  with  water  is  quite  superfluous),  is  fnat'd  witli  half  it* 
Weight  of  qMicklimr  m  an  air-furna«e,und  the  glass  thus  obtained  ia  treated,  fim  with 
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dilute,  ftnd  Uicq  with  strong  nitric  acid,  till  it  in  redocfrd  to  a  homogeneous  jdlj.  The  pro- 
duct is  thtn  eTivpomte<i  to  diynesa,  and  heat«d  BufficientlT  to  decorapoB4<i  the  nitrat««  of 
ftltUBimttm.  glucinum,  and  iron,  and  a  Bm&ll  portion  of  the  ]utnit«  of  c&leiuni ;  and  the 
neidue,  oonuBling  of  etlica,  aluBiioa.  glucina,  sesquioxide  of  iron,  nitr&te  of  cukium, 
and  a  Boiall  qnantitj  of  free  lime,  is  boiled  irith  water  containing  B&l-ummoniac,  wbicli 
disaolT€«  the  nitrate  of  calcium  irnmediately,  and  the  free  Ume  after  a  vhile,  with 
•volution  of  ammonia  (if  no  ammonia  ia  evoked,  the  ealeinutioii  baa  not  been  earned 
fu  euougb,  and  must  be  repeated).  The  li(|md  ia  then  decanted ;  the  precipitate,  after 
thorough  vaahing,  treated  with  boiling  nitric  acid ;  and  the  resulting  solution  of 
alumina,  glticina,  and  iron  poored  into  a  solution  of  c&rbonate  of  anirnonlaoi  mixed 
■with  free  ammonia.  Tha  eartlia  are  tliereby  precipitrited  without  evolution  of  carbonic 
acid,  and  the  glucina  rediisaolTea,  after  aeren  or  oight  days,  in  the  ezcesa  of  carbonate 
of  ammonium.  Aa  the  carbonate  of  ammoniuni  may  &\so  diseolre  a  small  quantity  of 
iron,  it  should  be  mixed  with  a  little  snlphide  of  ammonium  to  precipitate  the  iri>n 
completelj.  Laatlij,  the  carbonate  of  ammonium  is  distilled  ofl^  and  the  carbonate  of 
glucmtun  which  remains  yields  pure  glucina  by  calcination. 

Accoidiag  to  G.  Scheffer  (Ann,  Ch.  Pbarm.  cix.  144),  the  preceding  proocaaog 
are  attended  with  oonstderable  loaa  of  glucina :  the  following  gives  bi  iter  resultM.  A 
mixture  of  7  pta.  beryl  and  13  nta.  fluorspar  is  digested  at  100°— 200°  C.  with  ulniut 
18  pta.  aulphuric  aci<C  in  »  loaaen  capatile  (or  in  a  porcelain  capsule,  eepecially  if  a 
•omevhat  smaller  quantity  of  fluorspar  be  lued),  a  large  quantity  of  fluoride  of  ailicon 
Ijeing  thereby  evoked.  The  mass  is  then  he«ted  nearly  to  redness  in  a  c^ipacious 
porod&in  crucible,  and  dissokod  in  wat4>r  acidulated  with  sulphuric  ncid,  and  tho 
•olntioD  is  mixed  with  1*7  pts.  sulphate  of  ammonium,  or  an  equiralcnt  quantity  of 
enlphate  of  potaasium,  and  left  to  itself  till  the  greater  part  of  the  alumina  containtnl  in 
it  haa  dystollised  out  in  the  fonn  of  alum.  To  aeparate  the  altunina  utill  remaining 
in  Bolntion  from  the  glucina,  the  liquid  decanted  from  the  alam-arstiils  ia  diluted 
with  6  or  8  times  ita  volume  of  water,  and  digested  for  two  or  three  oaTS  with  grauu- 
lated  sine,  then  heated  with  the  zinc  and  filtered.  The  whole  of  the  alumina  is 
thereby  precipitated,  as  basic  sulphate,  while  the  glucina  remains  in  solution,  also  a«^ 
basic  snlphftte  (G*0.G*80*)  together  with  sulphate  of  sine.  Thefrreater  part  of  tha 
Llttw  ma;  be  crystAllised  out  as  ainco^potaaaic  sulphate  by  addition  of  eulj^te  of 
potaaaium  (1-4  pts.  of  that  salt  to  1  pL  of  zinc  dissolved)  ;  the  deranted  liquid  mixed 
with  excess  of  acetate  of  sodium ;  the  remaining  sine  precipitated  by  sufithydric  arid ; 
the  filtrate  neutralistd  with  ammonia ;  and  the  whole  of  the  plueina  j^«-wipitatcd  by 
sulphide  of  ammonium.  Common  beijl  treated  by  this  proceui  yields  from  11  to  12'$ 
per  cenU  pure  glucina, 

Gludna  is  a  soft,  light,  very  bulky  white  powder,  of  specific  gravity  2097.  It  is 
tasteless  and  adheres  to  the  tongue.  It  is  not  hardened  by  heat  like  alumina,  but 
merely  rendered  less  soluble  in  acids.  When  very  strongly  heated,  it  volatilises,  like 
magnesia,  without  fusing.  Ebehnen  has  obtained  it  in  hexagonal  prisms  bv  exposing 
a  solution  of  glucina  in  fused  boracic  acid  to  a  powerful  and  long-continneJ  he«L  It 
may  be  more  easily  obtained  in  microscopic  crystals,  appnrontly  of  the  same  form,  by 
decomposing  the  sulphate  at  a  high  temperature  in  presence  of  sulphate  of  potassium, 
also  by  cn-km'ng  the  double  carbonate  of  glncinum  and  ammonium. 

Stfdrate.  G'H'O*  or  0*0 .H*0.— This  is  the  precipitate  formed  in  (rlncintim-saHa 
by  caustic  alkalis.     It  resembles  trihydtate  of  alumiuium  when  mowt,  but  forms  a 

Kwder  when  dry.     It  parts  vrixh  its  water  at  a  high  tern  pern  ture,  bnt  without 
coming  incandescent.     It  dissolves  in  caustic  potash  and  soda  like  alumina,  but  is 

jaredpitated  by  boiling,  when  the  solution  is  diluted  to  a  certain  extent  with  water. 

Aeeording  to  Weeren,  it  dissolTea  slightly  in  ammonia,  unU-ss  chloride  or  sulphide  of 

•mmoninm  is  pp'sent.     It  ahsorhs  carbotiic  acid  from  the  air,  in  the  dry,  aa  well  as  in 

the  moist  state. 

aXiVcnrcmt,  aXTOSW-SAI^TS   OT,    See  p.  849 ;  also  the  several  Acom, 
OlMttCXXrUTSt  PHOftPBXDS   Olf»     Glncinum  bums  in  vapour  of  phosphorus, 

forming  a  grey  powder,  which  i.i  decomposed  by  water,  with  evolution  of  spoutuaeously 

inflammable  phosphorettod  hydrogen  gas. 

QliJICIWim,  SE&Emss  Olt,  Produced,  with  vivid  incandsecence,  when 
glueiuum  is  fused  with  s>elenium.  It  forms  a  OTstalline  brittle  mHsa,  ^rey  on  the 
fnietured  sTirface;!*  slowly  dissolved  and  deoompoied  by  water;  but  oxidises  quickly, 
with  scpaiHtion  of  selenium,  in  contact  with  the  air. 

The  precipitate  formed  by  selenido  of  ammonium  in  solutions  of  glucinum-salts  is 
probably  impure  hydnite  of  glucinum  containing  beleuium. 

Olbxrcnrma,  STTIiPHZIIII  OT.  Formed,  with  vi^-id  incandescence,  when 
glucinum  ts  ignited  in  sulphur  vapour:  it  is  not  pivduced  by  igulting  glucina  ia 
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rapour  of  Bulpbide  of  carbon.  It  is  a  grey  nnfiued  masa,  vbich  dlssolres  sknrlj  ia 
water,  without,  evolatiou  of  sulpburic  acia,  and  is  imsHj  decomposed  bjr  acida,  ralphy- 
dric  acid  being  then  evolved. 

OXilTCXJiUMt  TBXtZtlTBXBB  OV.  Produwd,  without  emission  of  ligbt,  wh^n 
clueiiuum  is  heitttHl  wiih  tellurium;  it  is  a  grey  powder,  which  decorapo8*«  nudoallj 
lu  uontact  with  the  air,  and  iuimediiitely  in  coatact  with  water,  giving  off  telLirhjdne 
acid- 

OX.ircoSAa'.    CH'^O*.— Thn  anhydride  of  dextro^1iifoa«.    Dextro^Iocoae  dri«d 

[  between  100°  and  110°  C.  gives  off  water  at  170°,  becoming  coloored  at  t£e  same  time. 

and  is  couverted  into  elueoean,  mixed,  however,  with  small  quantitiea  of  eazamel  and 

uaaitepcd  glncoae,  the  latter  remtn-able  by  yea«t,  the  former  Vy  charcoaL     Olucoean  t» 

a  culoorlera  mass,  scarcely  avri'eX  to  the  taote.     It  tttnia  the  plane  of  polarisation  to  tb« 

.right,  flomewhat  less  strongly  than  dextro-glticose.      It  does  not  ferment  imme'listcty 

lin  contact  witli yeast,  but  only  after  being  treated  witli  dilute  acida,  which  convert  it 

into  glucose.    (G^lia,  Compt  rend.  li.  331.) 

Olacosan  may  be  r^anled  aa  a  hcjcatomic  aJcoboI,  containing  the  tetratomic  xadida 

C"H*,  and  nepreaeuted  by  tlia  fonmila  ^    r|,  "  [  0* ;  in  (act,  by  treating  glncoae  willi 


HcidB  and  with  alcohol,  compound  ethers  ar«  obtained,  related  to  glucoean  in  the  i 
manner  as  the  maanitanidea  and  dulcitanidua  (p.  521)  are  related  to  tna.nni»MT>  and 
duU-itan.     (Berth elot,  Ann.  Ch.  Phya.  [3]  li.  96  et  wj.) 


Aceto^luoosan.    G'*H«0 


*0''  -  /cS)4*^  =  (>H'*0»+6C»H«0»-  61 
, — Obtained  by  oeating  glacial  acetic  acid  wit 


•  -  6HX).  Gtm. 

<^se  acctiqvu,  Utxacetoglvcotc. — Obtained  by  Seating  glacial  acetic  acid  with  doxtz<0- 
gluco«e  or  with  cane-sugar  to  100*'C.  for  fifty  hours ;  purified  like  the  correepondiitg  bu' 
tyric  conipoiund.  Trehalose  and  starch  at  180°  C,  and  dextrin  at  100°,  form  with 
acetic  acid,  compounds  ifimilar  to  or  identical  with  this. 

Aeeto-glucoBsu  is  a  pale  yeEow  or  colourless  neutral  oil,  having  a  bitter  ta<te  and 
faint  odour.     It  dis9.)lv<»  abundantly  in  water,  but  not  in  all  projiortioos,  and  is  pn 
cipitat<Ml  fipom  tlie  «>olution  by  chloride  of  cnJcium.     It  ia  twinble  in  alcohol  and  et" 
(Bert helot).     It  becomes  acid  in  contact  with  the  air,  turns  brown  when  heated,! 
burns  with  an  odour  of  camratl.     It  is  carboniaed  by  oil  of  vitriol;  slowly  deeomp 
by  boiling  with  dilute  sulpburii}  acid,  into  acetic  acid  and  dextro-glucoee,  which  ii 
further  partly  resolved  in!^  humous  substiinces.     With  alcoholic  hythtocbloric  acid,  f 
forma  acetate  of  ethyl  and  dextroglucose.     Aceto-glacoaao  reduces  potaaaio-cup  ' 
tartrate. 

(CHT  ) 

S«a»o-f laeMu.  C»H'K)^  =  (C'H»0 )*  [  0»  =  C-fl'oO*  +  2(7H*0» -  2HK).      Gft^ 
..  .  2«    J 

COM  bcnsinquf  or  el4btiizo'ique.  Dihrnsoffl-glucvse. — Obtained  by  heating  bensoic  acid  witi. 
dextro-glucose  or  cane-sugar  to  100^  C.  for  fifty  hours,  and  purified  like  butyn>-glil*jl 
ooHKn.  The  same  or  a  Binular  compound  is  produced  by  heating  benzoic  acid  willtj 
trehidofte  to  180''.  or  with  cotton  to  200";  also  ak  ordinary  temperature*  in  a  mixtursj 
ot  rotton,  oil  of  vitriol  and  benzoic  acid ;  in  all  cases,  however,  only  in  small  quantity.  J 
It  is  a  neutral,  semi-fluid  oU,  which  produces  grease-spota  on  paper,  and  has  a  bift'i;  j 
l>iinKont  tiiste.  It  dissolves  sparingly  in  water,  easily  in  alcohol  and  ether.  It  bums  J 
ivi(h  an  odour  of  canimtl  when  heated ;  is  carbonised  by  oil  of  vitriol.  With  alooholift J 
hydrochloric  add,  at  a  niodorate  heat,  it  yields  booaoate  of  ethyl  and  dextK>-gluocMe.| 
1 1  reduces  pot«B«io-cupric  tartrate. 

BufeTTO-rmcosu.  C"H«0'  -  (C«H^O)«  \  0»-C^'«0»  +  2C'H«0»-  2HK).  GltKml 

H*    J  1 

b"tf/riqni',  Dihutifrin-ylncase. — This  compound  ts  produced  from  cane-ragar,  dettro-i 
ElucoBe,  or  trehalose,  and  in  small  quantity  fixim  dextrin,  by  heating  with  butyric  srid.  1 
Traces  of  the  same  or  a  similar  compound  are  obtained  when  cotton  or  paper  is  heattd] 
with  oil  of  \itriot  and  butyric  acid.  To  prcp:ire  it^  butyric  acid  is  heated  with  caao-l 
sngar  or  anhydrous  dextro-glucose  to  100°  C.  for  fifty  or  sixty  hoani:  the  mass  i*J 
euaoflted  with  alcohol,  and  the  solution  filtered  and  evaporated.  The  residue  igl 
mixed  with  concentrated  aqueous  earbonate  of  potaasium,  a  lump  of  caustic  potashJ 
being  udded  to  neutralise  it  completely;  the  mixture  is  shaken  up  with  ether;  tlMl, 
ethereal  layer  is  decolorised  with  animal  charcoal ,  and  the  filtrate  is  eraporated  over^ 
the  water-bath. 

Bntyroglucosan  is  a  pale  yellow,  viscid  oil  which  produces  greaae-sp^Ws  on  pap^r. 
It  is  neutral,  very  bitter,  with  a  slfghtly  aromatic  odour;  retains  water  f>Wtiriite1y«^ 
li  .lissolves  sDoringly  in  water,  easily  in  alcohol  and  ether.  It  bums  when  heatt^^ ' 
emitling  nn  ocixfos  of  ooramel.    It  is  carbonised  by  oil  of  vitriol,  aad  xcsolved,  bj  beat' 
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ing  with  dilute  sttlpharu:  add,  into  butyric  add  and  dextro-glocose.  Witli  alcohoHo 
hydrochloric  add  it  yields  dcxtro-glucoite  and  botynitB  of  ethjL  From  potusio-cnprlo 
tartrate,  it  reduces  cuprotu  oxide. 

(C«H*)"1 

Btbyl-fflacosu.  C'«H"0»  -  (C»H»)*    O*  -  C^»0»  +  2C'H»0  -  2H*0.— Pro- 

H*  J 
daced  wlieB  a  mixtun?  of  caae-iragar,  bromide  of  ethyl,  and  hydrate  of  potaaaiom  is 
heat^  in  a  sesaled  tube  to  1 00°  C.  for  serend  davB,  and  the  product,  when  cold,  ia 
treat4?d  with  ether;  ethyl-glucoean  iB  thereby  diasdved,  and  may  be  obtained  by  era- 
poration  a&  a  ooloorlesa  oiL  It  baa  a  bitter  taat«  and  a  fiunt,  agreeable  odour,  and  ia 
not  volatile.  It  is  neivrly  iaaoluble  in  vater.  From  the  ethereal  solution  it  Im  almoet 
completely  prwipitaiwi  by  aninu&l  charcoal  (Berthelot).  JBy  heating  with  dilnt* 
ralpnuric  acid,  it  ia  resolved  into  alcohol  and  dextpo-gluooae.  From  pota«io-cnjiric 
taitEite  it  reduces  cuprous  oxid^, 

Olueosoiartario  acid,  C'*H''*0*'  (p.  872),  may  be  represented  by  the  formula 
j.^^J,'J,',Jo*.C'H'0«.2H'0,  aod  GUcotocitric  acid,  C'TI-O",  by  the  formuU 

O&VCOSB.  C*H'»0'  or  C'»H"0".— A  fpedea  of  sugar  produced,  by  the  action  ol 
acids,  certain  fvrmeQta,  and  other  reagenta,  and  by  procewes  going  on  in  liring 
plants,  from  ctine-Bugur,  dextrin,  Htareh.  cellulose^  and  other  carboh^dratea  -,  alao  by  tfa« 
aecompoeitiou  of  glucofiide*  {p.  866);  also  by  certain  tnmsformatloiw  of  mannite  and 
glycerin,  nnd  by  the  uction  ol  sodiusi-u.mjiIgam  on  oxalate  of  ethyl  There  are  two 
rtirietim  of  it,  dixtinguiahed  by  their  action  on  polarised  light,  riz.  dextroglueose, 
which  turns  the  pkiie  of  polanaAtion  to  the  right;  and  Isvoglucoae,  whit^tams  it 
to  the  left, 

B«ztroKliiooafi.  Ordinttrygluoott,  GranuJar tiiffar  (Krumflsvtk^),  nni,  AccorAing 
to  its  ori|iin,  (rrapf-stujar,  JVntf  Wtyar,  Himn/-tugar,  Starvh-tugar,  Diab  tic  tuijar. 
Sugar  of  Urinr,  CUrstnu't-iUffar,  Rag-«u^ar,  some  of  which  rwrnes  are  also  used  to  denote 
glncOM  ta  geaeraL  It  was  first  recognised  as  li  distinct  substanoe  by  Low  its  (CrelL 
Ann.  1762),  and  Prouat  (J.  Fhys.  Ixiil  257) ;  first  prepured  from  starch  by  Kirch' 
hoff  (Schw.  J,  xiT.  389);  from  linen  by  Braconnot  (Ann.  Ch.  Phys.  [2]  xii.  181). 
[ta  oombiuations  with  bases  hare  been  investigated  chiefly  by  Pcligot  iAk/.  bcriL 
136) ;  those  with  organic  acids  by  Berthelot  {ibid,  [3]  liv.  74.  Ix.  9.>),  who  haa  like- 
wise inreBtigatnl  its  fermentatiou  in  contact  with  chalk  and  cheese  (I'W.  1.  322),  and 
its  fonnatioa  from  maoniti}  and  glycerin  (ibid.  L  369).  Our  knowled^  of  glucose  haa 
been  further  extended  by  Dubrunfaut  (Ann,  Ch.  Phys,  [2]  liiL  73;  [3]  xxi.  169, 
17B  :  Compt  rend,  xxiii,  38  ;  xxt.  308 ;  xxix.  bl ;  xxxii.  249 ;  xliL  228  and  739),  who 
bos  eliminated  much  that  does  not  properly  belong  to  it,  and  mors  exactly  chaiMtniMd 
ita  properties. 

Occurrence,  a.  In  the  Mineral  kingdom. — Impressions  of  feme  from  the  cl«y-«lat« 
of  Petit-offiur,  in  Savoy,  contain  a  sweet  8ab«ta.nce.  which  smells  like  caramel  when 
burnt  on  charcoal,  and  perhaps  consists  of  gtucose  (Cailoud,  Compt.  rend.  xsxiiL 
644).  On  the  allegfd  occurrence  of  sugnr  or  dextrin  ia  vegetable  mould  see  Verdeil 
and  Bisler,  Compt.  rend,  xxxv,  97,  and  the  counter-statement  of  Petxholdt  (J.  pr. 
Chtm.  Ix.  368.) 

b.  In  the  Vfgrtabte  itn<j'dom.^DertrogIuco»e  occurs  abundantly  in  sweet  fruits,  fir»- 
qupntly  together  with  c&ne-sugiu-,  and  always  with  such  a  quantity  of  lievorotatory 
fruit-sugar  that  the  mixture  exhibits  lievorotAtory  pow<^>r,  and  is  thence  called  in  verted 
sugar  (p,  863).  The  ieoLited  occurrence  of  dextrogluoose  has  b«en  observed  only  ia 
the  fnllowing  cases  :— 

A  thick  viscid  liquid  which,  in  the  summer  of  1842,  covered  the  upper  surface  of  ths 
leaves  of  lime-trep«,  and  at  certAui  timefi  of  the  day  fell  down  like  nun,  contfliaed  eane- 
Bupar  and  deitroiglucoae  (Biot,  Ann.  Ch.  Phys.  [3]  vii.  337;  Langlois,  i^d.  vii. 
348).  BextroglQcose  is  contained  in  the  manna  of  the  ash-tree;  a  £»]««  manna,  of 
tmknown  ori^n,  was  found  to  contain  a  peculiar  sugar  not  invertible  by  acids,  and 
having  a  molecular  rotatonf  power  equal  to  |  of  that  of  oine-sngar ;  perhaps  maltose 
(Biot,  Compt.  rend.  iiv.  49).  Whether  the  Bugiw  occurring  in  many  other  parts  of 
plants  should  be  considered  as  dextroglnooM,  is  not  yet  det'ided.  According  to  Buig- 
net's  researches  (p.  712),  cane-sugar  and  inverted  sugar  (which  may  be  r^arded  as  a 
p#^?uliar  Bubstancp,  at  least  with  reference  to  its  origin),  appt^r  to  be  the  most  widely 
diflFu-^ed;  and  the  imperfectly  investigated  granular  sugar  {Kruinelrugktr)  of  many 
chemists  appears  to  be  invert«Kl  sugar,  formed  either  in  the  plant,  ordering  th<*  process 
to  which  it  IS  subjected  for  the  extraction  of  the  sugar. 
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In  Honiy. — This  •abflteuiM  contiuns  eute-sugar  (which  u  gndiUiUy  iiifwrtcd  hj 
keepififf),  iuTcrted  sogar,  and  an  ezcea  of  dextroglacose.  (Dubrunfaut,  CompL  rpnd. 
nil.  61.) 

c.  In  the  Animal  bodt/. — In  manj  animal  liqaids  and  tiiwaefl ;  In  the  livfr,  in  the 
amniotic  aod  alltintoic  liquids,  in  the  blood,  in  the  chyle,  in  the  transadatra,  in  the 
yolk  nnd  white  of  hi'us'  egsn.  In  laige  qu&utitv,  to  the  amount  of  8  or  10  per  oent.,, 
in  diabetic  urine;  in  anuul  quantity  also  in  the  urine  of  hi^ilihy  men  (Braeke; 
Uence  JoncH,  Chem.  Soc.  Qa.  J.  xiv.  22).  The  urine  of  a  fox  fed  excIosiTdy  on 
iiu^t  contained  i^luoose  (Vintachgan,  Wien.  Akad.  Ber.  xlii.  523).  Compounds  of 
glucose  are  likewiae  found  in  the  animal  body.     (See  OxuoosiDxa.) 

Formation. — Of  deitroglncoup  and  fermentable  eugnrs  in  general  iaomeric  tbemritb 
in  so  far  as  they  cannot  with  certainty  be  referred  to  other  sp»icje«, 

A,  Bi/  tkt  transformation  of  Carbo-hydrates,  with  OMumpti&n  of  Water.    I,  Qlueoi 
C«H'»0*  (p.  863),  iaconv<'rt#d  into  dejttroglucoae  by  boiling  with  dilute  ndda.  (Oili 

2.  Dextrin  is  conv»?rted  into  deitroglaawe  by  boiling  with  dilute  arcida  (Biot  ( . 

Perfioz).  Diastase  acts  in  tike  manner,  according  to  Payen  and  Persoz ;  ucoatdiagbi 
MuBcuIus,  it  does  not — 3.  Under  the  eame  ciirumstancea,  soluble  starch  and  oomaoQ 
etarch  are  conTert^xl  into  dextroglucoBe,  afler  they  have  been  prerioualy  converted 
wholly  or  partiully  into  dextrin  or  other  intermediate  produu'te.  Doxtrogluow©  it  iIm 
formed  from  starch  by  continued  boiling  with  water,  by  prolougr>d  contact  with  glutiii, 
tudiTa,  animal  gelatin,  the  pancreatic  juice,  the  substance  of  the  kidney  a,  nuie<mi 
membrane,  urine,  bile,  semen,  Ijlood-serum ;  and  by  wati»ry  infusions,  prepared  at  40^  C, 
from  the  heart,  brain,  lungs,  liver,  kidneys,  spleen,  and  muades.  (See  Gvufin't  Hand' 
bnch,  x%l  [2]  21.) 

4.   Glt/i'ftffrn  IS  converted  into  dextrc^lucose  under  the  same  circumntanoea  aa  ataich. 

ft.  In  like  manner,  lichenin  and  paramylone  are  conrerted  into  glucose  by  boiliag 
with  acids. 

6.  Ceiluhae  treated  with  strong  sulphuric  or  hydrochloric  arid  (i.  819),  uraconoiv 
truted  aqueous  solution  of  chloride  of  zinc,  rielda  products  which  are  conrettud  toU) 
gluooee  when  their  nqneooa  solution  is  boiled  with  water.  Olucoae  ia  likewise  |«v>diierd 
lit  the  deeompoaitioQ  of  Ugnoaulphate  of  lead,  and  by  the  action  of  alkalis  on  /»yr«j(<m, 
But  it  is  doubtful  also  whether  this  sugar  should  be  regarded  iw  dextroglucvee.  Ae- 
cordiijg  to  BAchamp  (Ann.  Ch.  Phys.  [3]  xlriii.  602),  it  yields,  when  treated  witk 
alr<oho1,  two  sorts  of  crystala,  one  having  the  hardneas  of  cane-sugar,  the  ocboi  n* 
sembling  dextroglucoae. 

The  skin  of  the  ailk-wonn,  and  that  which  remains  in  the  cocoons  wh«j  the  boi 
flies  escape,  are  capable  of  yielding  a  snbfitance  isomeric  with  cellulose:,  wlijch  may 
converted  into  glucose,  When  the  caterpillars  are  boiled  for  aeveral  hours  with  ttjo 
hydrochloric  acid,  and  this  treatment  is  repeated  three  times  with  the  re«idne^  and  tins 
Tfsidiie  is  washed  with  strong  potash-loy,  then  with  water,  and  dried  between  lOO* 
and  1  lO"*  C,  a  white  light  substance  nearly  free  from  nitrogen  is  obtained,  which  git- 
dually  diffii!«<?.f  in  oil  of  vitriol,  forming  a  colourless  gummy  liquid.  This  arvlulHW, 
ndtlrd  hy  small  qusnlitiL's  to  boiling  water,  and  boiled  tat  an  hour  or  twx>,  yields  ffr- 
montjtble  sugar,  whiob  reacts,  like  glucose,  with  common  salt  and  potMeu^^mm 
tartrate.     (De  Luc  a,  Compt  rend,  liii  102,) 

7.  Tunicin  ia  decorapo»ea  by  sulphuric  acid,  under  the  same  drcnnwtanoes  as  lattta- 
loMe,  into  dextroglucose  and  a  second  6ul»<tjtnce. 

8.  Aln/tose,  vnkzitosr,  fnhaJ^e  and  mycose,  are  completely  converted  into  dexlro* 
glTicose  by  boiling  with  dilute  sciils. 

n.  Another  class  of  compounds  yield  by  their  decomposition  dextrogiuoose  snJ 
Biinthor  product.  This  latter  body  is  either  isomeric  with  glucose:  tha«  m^toss 
is  wsolvcfl,  by  dihiTe  acids,  yeast,  and  other  bodies,  into  dextroglucoae  and  eoeslia; 
cani'-supar  iuto  di'Xtro-  and  hevoglucose ; — or  it  belongs  to  the  class  of  noa-sardu- 
riiic  IhkIios,  in  which  case  tlie  compound  which  yields  this  second  product  and  deitro- 
glucoeo  belongs  to  the  cliu»8  of  Giucosidf  (p.  866). 

C.  In  the  decomposition  of  duhnU  (C*H'*0*)  by  nitric  acid,  there  is  formal,  a^wMp* 
c\\\cT  products,  a  sugar,  C*H'*0*,  which  reacts  willi  alkalis,  potaMio-cupric  tiutnle, 
[  biisic  nJtniJe  nf  bi?miith,  and  indigo,  in  the  same  manner  as  dextroglucose.     (Carlet, 
r  Cumpt  rend.  li.  137.) 

r  D.  From  Orahte  of  Eihi/f.—Whi^n  this  compi^und  is  brought  in  contai't  wilk 
[  Bodiura-amalgam  at  low  tfmponitures,  and  the  prmluot  ia  itgitated  with  ether.  »  sola- 
[tion  is  obtained  flrora  which  a  greaNy  mass  separates  on  addition  of  water.  This  nusi 
ris  a  mixture  of  oiiiLitf  nf  sodium,  another  sodium-salt,  and  leriuantaLl*  su^'or. 
(Lo  wig,  J.  pr.  Chem.  Ixjtxiii.  133.) 

R.  From  Mamtile  or  Gbjcrin. — Wlicn  a  mojemtoly  concentratiMi  aqueous  solution 
of  mannite,  dolcite,  or  glycerin,  is  left  lor  some  time  in  contact  with  the  tcs-ticli*  <if 
kuac,  or  of  the  horse,  d<i(^  or  cock,  u  pii;uliar  fermentable  augur  is  ptodncvd,  the  fbru- 
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ation  of  whirh  likewiMe  takes  plaoe  in  cerUin  caM»,  wheo,  instead  of  th«  t(^stirle, 
MlTturaiii,  Ciitioin,  tibriii,  gelatin,  or  the  tissue  o{  the  kidneys  or  punatai*,  i»  •mplo'yvdi 
^Berth.  lot,  Ann.  Cb.  Phys.  [3]  I.  369.) 

When  to  a  Bolutioa  of  mannite  or  glyt^erin  in  10  pts.  -water  there  is  added  socb  a 
quftHtitT  of  comminute*]  te«ticle  that  its  dried  substance  amounta  to  A  of  the  man- 
iurf<,  and  the  mixture,  contained  in  an  open  flaak,  ia  exposed  to  diffused  dayU^^ht 
Iwtwwn  10^  and  20'='  C.,  the  Hcjnid,  aft*»r  an  intenral  -nrjing  from  a  week  to  three 
mojitba,  is  found  to  contain  (witbout  the  occtirrence  of  patrefiiction,  which,  indeed,  is 
incompfttibie  irith  the  success  of  the  experiment)  a  mbstance  which  reduces  capric 
tartrate.  The  testicukr  tissue,  if  separati*d  at  this  time  from  the  liquid  by  decantatioo 
and  thorough  washing,  theu  a^in  introduced  under  aimilHr  eircunutanees  into  a  sola* 
tiuD  of  mannite  or  glycerin,  pnxlucea  therein,  in  the  courHe  of  a  few  weeks,  a  ronsideiv 
able  quantity  of  Bugfir,  This  srigar  is  formed,  sometimes  in  extremely  small,  sometim*-* 
in  lai^er,  qiuntity,  amounting  to  ^  of  the  mannite  or  glycerin,  and  i»  portly  further 
altered  daring  the  operation.  It  is  not  formed  by  the  «abataoee  of  the  teeticle,  ioaa- 
mueh  M  this  anbatanee  is  reoorered  for  the  most  part  unaltered,  and  girea  up  to  tho 
liquid,  chietiy  aalta  and  albuminous  substances,  amounting  to  leas  than  the  weight  of 
the  sugar.—  The  RUgar  is  probably  lievo-rotatory.  It  is  deliquescent,  unciystallisable, 
and  cannot  be  separated  from  the  glycerin.  It  is  apt  to  alter  during  the  ev^Mmition 
of  ita  aolution,  is  turned  brown  by  alkalis,  eauily  fermented  by  yeaat»  and  rfducea 
potaasio-cupric  tartrate.  It  is  very  aolublo  in  water,  alcohol,  and  glycerin,  and  slightly 
predpitable  by  ammontacal  sugar  of  lead.  (Berthelot).  On  the  formation  of  sugiir 
in  the  muaclca  andlunga  of  the  foetal  cidf,  see  Gmelin'a  Uandbuch,  viii.  [2]  489. 

Preparation. — 1.  From  tkf  juice  of  t>ariout  kinds  of  fruit,  e*peciaiJy  of  GraprfU — 
The  juice  i»»  hoilod  and  skimmed;  the  free  acid  im  neutralised  with  chalk  or  marble: 
and  the  liquid  is  concentnifeti  to  ane-half,  clarified  by  deposition  and  decantation,  or 
furtlier  with  white  of  egg,  and  evaporated  to  a  syrup,  not  too  thicL  From  this  tha 
grape-sugiir  s^^parutes  after  some  weeks,  and  is  purified  by  repeated  aolution  in  water 
Miiil  crystulliaation. 

2.  From  //■>ney.— 1.  White  granular  honey  ia  difllised  in  |  pt.  of  cold  strong  alcohol, 
which  diaeolTes  the  more  soluble  licvoglueotfe,  and  learai  the  dextroglucoso  for  tha 
moat  part  nndiaaolred ;  the  solution  \»  sepamted  from  the  sediment  after  a  few  houra; 
the  sediment  strongly  pressed ;  the  residue  again  tritOAted  with  -^  pt.  alcohol :  again 
pressed,  aird  the  undissolved  portion  is  purified  by  solution  in  water  and  crystallisation 
(Braconnot,  SuU.  Pharm.  iii.  SOfl.)  A  flimilar  procesa  is  followed  by  Pronst,  also 
byCave«aftlli(Scher.  J.  vii.  7H),  andTromiasdorff  (N.  Tr.  ix.  1,  287).— 2.  Siegla 
apreada  granular  honey  on  dry  porotia  bricks,  whereby  the  liquid  portion  is  absorbed, 
leai'ing,  alter  a  few  daya,  a  granular  residue,  which  is  recrysCaliised  from  warm  aleohol 
with  help  of  animal  chftroml  (J.  pt.  Chero.  Ixtx.  148).  The  dextroglucose  obtained 
by  either  of  these  processes  will  be  contaminated  with  caoe-aogar,  if  the  honey  con* 
iaiaed  that  sabetiince. 

3.  From  Starch  by  the  aetitm  ^f  dUute  Sutpkuric  acid. — 1  pt  of  starch  ia  boiled 
with  4  pta.  wattT,  and  u  qanntity  of  oil  of  vitriol  weiring  from  j^  to  A  as  much  as 
the  starch,  the  liquid  beinir  stirred  and  the  water  continually  renewed  till  the  liquid  \» 
no  loufrrr  prvcipitjitrd  by  alctilioL  To  bring  it  to  thia  stat«»,  the  boiling  must  be  con- 
tinued for  a  longer  time  in  proportion  us  le>w  sulphuric  acid  haa  been  u-sed  ;  with  tho 
above  proportiou«,  from  6  to  36  hours'  Killing  is  n>|uired.  The  dextrogliu-oao  then 
contain  ed  in  the  solution  ia  separated  and  purified  in  the  same  manner  as  that  from 
crape-juiee  (Kirchhoff),  lu  preparing  sfHrcJi -sugar  on  the  lai^ge  scale,  the  ebullition 
18  produced  hy  patming  OTcr-heateu  steam  iiito  the  mixture  contained  in  closed  oaaka. 
When  starch  is  boiled  with  water  and  2  per  cent,  oil  of  vitriol,  the  liqui<l  In-ing  evapo- 
rated after  6  or  7  hours,  at  which  time  it  is  no  longor  precipitated  by  ulcohol,  an  nn- 
cryatftUiaable  Bymp  is  obtained-  It  is  only  after  longer  boiling  that  the  whole  of  tho 
diasolvod  inattar  is  convertwl  into  dextroglucose,  part  of  which  moreover  undergoes 
further  alteralioa,  so  that  the  liquid  does  not  easily  yield  oyatJs  by  evaporation 
(An  tho  a,  Dingl  pol.  J.  di.  218),  Alter  the  sulphuric  acid  has  been  neutraliaed  by 
chalk,  R  small  quantity  of  acetic  add  must  be  added  before  boiling  the  liquid,  since  an 
rxoeea  of  lime  leads  to  the  formation  of  bitter  products  of  decomposition.  (Polyt.  Ceutr. 
1854,  p.  252.) 

4.  Fr^tm  Starch,  hit  th^  action  of  Glutm^  Mait,  f>r  Diatta*f* — 2  pts.  of  starch  well 
mixed  by  stiixing  with  4  pts,  of  e«5ld  water  an?  diflVused  in  20  ptit  of  boiling  wate». 
and  tho  piisle  thua  formed  is  digested  for  eight  hours  at  60*  to  70  C.  with  1  pt.  oif 
dried  ancl  pulveriaed  wheat-gluten.  From  the  synip  ibtain«Hl  by  evaporatiou.  alcohol 
extracts  the  sugar,  leaving  tlie  starch  which  is  atill  but  alightly  altered,  and  the  aoln- 
tiou  yields  the  augur  by  eviiporutiyn. 

•  Vhv  i>r(Mtuct  thu»  obtaiocd  i<  pethaiit  d<H  duxlrosluctwe,  iMit  nultoM  (f.*.) 
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100  pts.  of  fttArch  are  aiupended  in  4&0  pts.  of  cold  yntn;  the  mixture  is  pound  iota 
3000  pt«.  of  boiling  water,  and  after  the  whole  haa  cooled  to  65°  C^  2  pts.  of  diaitue 
disBolved  in  20  pta.  of  eold  water  are  added-  The  maM,  which  in  a  f«w  minute* 
becomes  perfectlj-  fluid,  is  kept  for  2^  hours  at  a  tensperatnre  between  60°  and  65°  C; 
evaporated  as  quickly  as  pcwwible  at  60'',  or  bett«r  in  vacuo,  to  34°  Bm.,  and  left  to 
itaelf  for  some  days  in  shuUow  reftsels.  By  trt-ating  the  ayrujp,  which  i«  sometime* 
crystalline,  with  alcohol  of  96  per  cent,  at  a  temperature  of  75°  C.,  oooliag  the  aolatioB 
out  of  contact  of  air,  tiltHriiitr,  reducing  the  fiiltrate  to  a  §yrap  by  distillation  and  oqb* 
centration,  and  learing  the  syrup  to  itself  in  vacuo,  crystals  are  obtained  which  ouy 
Tie  purified  by  pressure,  renewed  treatment  with  alcohol,  and  recry8t*lLi*jition  frow 
4  pts.  water  at  65°,  with  help  of  aniinal  charcoal  The  diastase  may  be  eoonomioaiij 
Teplaced  by  18  times  the  quantity  of  malt     (Gairin-Varry.) 

6.  From  Linen. — (See  L  819.)  To  12  pta.  of  linen  purified  as  completely  as  possbfe 
by  treatment,  first  with  potash-ley,  then  with  watw,  and  dried,  17  pta.  oil  of  ritrioj 
are  very  slowly  added,  bo  that  no  heating  mar  take  place :  the  mass  is  kDe«ded  to- 
gether,  left  to  itself  for  24  hours,  thrn  dissolved  in  a  very  large  quantity  of  w»t<«r ;  tJu 
^lution  is  boiled  for  10  hours;  the  a«id  is  saturated  with  chalk ;  the  liquid  is  filtered 
and  evaporated;  and  the  glncoae  which  separates  after  someday*  is  purified  by  ncrp- 
tHllisatioQ  (Braooonot).  Vogel  iwcs  sutphuric  acid  of  sp.  gr.  1'8,  wtiieh  bla^ena 
the  linen  less  than  the  Btronsest  add,  and  leaves  the  mass  to  itself  for  two  days. 

6.  From  the  Urint  of  diabetie  patients. — The  crystals  obtained  bj  eviiporatiag  , 
urine  are  preaaed  (after  being  separated  from  the  chloride-of-sodium  oompoood 
gluoose}  and  purified  by  crystallisation  from  boiUng  alcohol  (Chevrcan.  or  by  difl 
tion  with  cold  alcohol  and  subs^'quent  recrystallisAtion  (Prout),  Addition  of 
to  the  alcoholic  Bolutioni  favours  the  cryfitallisation  (Peligot,  Huuefeld). 
urine  is  evaporated  to  a  Hvriip  on  the  water-bath ;  the  residue  exhausted,  with  almbul; 
the  tincture  prceipilEvted  with  basic  acetate  of  lead;  the  lead  sepaniited  from  the  filtrate 
by  Bulphureitcd  hydrogen ;  and  the  clear  liquid  evaporated  to  a  syrup  and  allowed  to 
stand  till  it  deposits  crystals  (HUnef^ld,  J.  pr.  Chem.  TiiL  660).  Freqaeadf 
tiothing  hut  crystala  of  the  chloride-of-Hodium  compound  of  gluiMse  are  obtained  en 
evaporating  diabetic  uriQe,     (Lehmann,  GTJuUn'a  Handbook,  riii.  [2]  568.) 

ProptTtie$. — Deztroglucose  separates  from  its  aqueous  solution  by  dow  erapontiaB 
in  white,  opaque,  granular,  hemispherical  or  cauliflower-shaped  massea,  consistiDg  of  a 
hydrate  C^"0*.H*0;  but  from  alcohol  of  96  per  cent,  or  upwards,  it  sep^ratw  ia 
anhydrous,  microscopic,  shjirplv -defined  needles,  which  melt  at  140°  C.  to  a  coloorle*, 
transparent  mass  (0.  Schmidt,  Di»ei^Uxti<m  ubfr  Tranhmmcker,  Gottingen,  IWl). 
These  anhydrous  crystsis  are,  however,  frequently  mixed  with  small  portions  of  tha 
hydrate.  Anhydrous  glncoae  is  also  obtained  as  a  white  powder  by  heating  the  hydrate 
to  65°  or  60°  0.  iti  a  stream  of  dry  air,  and  as  a  fused  tnuuparent  mass  by  haatiif 
the  hydrate  to  100°. 

Deitroglucose  is  much  less  soluble  in  water  than  cane-sugar,  rec^airing  for  sol 
I|  timos  its  weight  of  cold  water;  in  boiling  water  it  dissolves  in  all  proportii 
forming  a  syrup  which  has  a  very  sweet  taste,  but  is  not  so  ropy  as  the  ^n^>  of  «_ 
sugar.  PuJvt'nsed  gIncoHe  placed  on  the  tongue  produces  a  pungent  and  mealy  ttftcy 
becoming  slighUy  saccharine  as  the  substance  dissolves.  2^  pts.  glocoae  «e«ttdiiig  ta 
Trout,  2  pts.  according  to  Dahrunfaut,  sweeten  as  much  as  1  pt  of  cane-sugir. 

The  following  table,  calculated  by  Pohl  (Wien.  Akad.  Ber.  xi.  664),  fi«m  detanm»> 
tions  by  Graham,  Hofmann,  and  Redwood,  exhibits  tlie  quantities  of  anhydrous  g^neoa* 
ooatainixi  in  aqueous  solutions  of  different  specific  gravity: 


a^ena 

i 


Qunntitjr  oranhydroiii  glu- 
cuie  Id  100  pu.  lolutlun. 

2 

6 

7 

10 
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or  ioliiiioa. 

,  10072 
.  10200 
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,  10406 
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Quantity  of  anhydroui  gla-> 
co>«  In  100  pU.  tolutlon. 
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22  . 

26  , 
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I0«l« 

10893 

.        1-0S31 

1-0W9 

iioai 


Deitro-glncose  is  also  leM  soluble  than  cane-sngar  in  alcohol :  the  solution,  sate- 
rated  at  the  boiling  ht-at,  deposits  crystals  which  retain  a  portion  of  alcohol  with  coo- 
sidemble  force. 

The  molecular  rotatory  power  of  anhydrous  ghicose  {C*H"0*),  for  the  tra.n»ition-tiat 
(««'  Light,  Polabisbu),  is  [a]  -  +53-2°  <Dubrunfaut),  67-44°  (Becbamp^ 
6615"  (Pasteur);  for  the  monohydrale  (C"H"0«.H*0).  [o]  =-  +48°  (Dubran- 
fsut),  6303  (B^champ).  Afreshly  prepared  solution  of  hydrated  glucose  (alsoof  the 
etystals  of  a nhjdncma  glucose  obtained  from  absolut^^  alcohol,  or  of  dehydrated  gloooae 
prepared  without  fusion)  shows  a  rotatory  power  equal  to  twice  the  abore;  but  it 
gmdnally  sinks  to  this  point  a^d  then  remains  constant;  but  if  the  glucoM  has  been 
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dehydrated  by  ftision,  its  solntton,  ereo  when  fresWy  prepared,  posKSSM  the  ■«»!»• 
mftttory  power  as  that  acquired  by  a  solution  of  the  cr^-stale  after  long  standing. 
Dubruufaut  distioguiahf-d  the  glucow  cont«tDed  in  a  fretlily-preparpd  solutioo  u  ^/n- 
iv»*f  birotatoire.  The  solutioo  of  the  crystals  in  wood-Bpirit  retains  its  rotatofy  power 
for  a  loDger  time  than  the  uquwius  soiutioD. 

Dtcompi>4ition9,—\,  When  dextroglucose  dried  at  110**  C,  is  he«t«d  to  170°,  it 
eivfs  off  one  at.  water,  and  is  convertud  into  glucosan,  C*H'H)*  (OAlis,  p.  83-i). 
When  hem  ted  for  u  long  time  to  1 50"^,  it  turns  brown,  and  is  then  hygroscopic  after 
'(•oling  (O.  Schmidt).  £«tw«eii  aiO**  and  220°  C,  it  swelLj  on  more  than  c«n*-eugiu; 
gives  uff  a  larger  quantity  of  water,  and  yields  caramel  (Feligot).  The  producfi 
formed  at  high  temperatunw  are  simikr  to  thoM  obtained  from  au]e>inigu'(i  747), 
hut  are  somewhat  more  fusible,  mon  eaailj  tohlble  in  water,  and  less  soluble  in  alcuhoL 

2.  Glucose  froths  up  in  the  open  fire,  erolves  a  smell  of  burned  sugar,  and  baras 
away  with  flame. 

3.  When  oxygen  is  passed  orer  glucose  mixed  with  spongy  platinum,  formation  of 
water  and  carbonic  anbjdnde  oommences  between  140^  and  XbQP  C,  and  at  250°  the 
glucose  is  completely  deoompoiied  (Reiset  and  Millon,  Ann,  Ch.  Fhys.  [3]  riii. 
258).  Aqueous  glucose  in  contact  with  platinum-sponge  does  not  abeorb  oxygen ; 
bat,  if  potoab-iey  is  also  added,  it  becomes  heated,  and  is  oxidiBei  to  carbonic  anhydride 
and  water  ( D  (i  b  e  r  e  i  n  e  r).  It  yields  formic  acid  when  heated  with  chromic  acid  and 
snlpbuhe  acid,  or  with  peroxide  of  manganut  and  sulphuric  acid  (fliinefeld). 
Aqueous  glucose  does  not  alter  tukd  ekronaie  of  potaatium  when  heated  with  it 
(B«ich).  By  distilling  1  pL  glucose  with  1  pL  oil  of  vitriol,  1  ot  peroxide  of  man- 
ganese, and  30  pta.  water,  a  distillate  is  obtained  which  exhibits  tlie  reactions  of 
aldehyde,  and  posseasca  also  the  smell  of  acrolein  (Liebig).  Glucose  is  not  altered 
by  boiling  with  peroxide  of  manganese  alone  (Stiirenberg),  neither  is  it  altered  by 
p^-rroajiganate  of  potasaium  (Monier).  It  takes  fire  when  triturated  with  6  pta. 
ffrroridf  of  lictti  (Bfittger).  On  adding  small  quantities  of  gluros»>  to  a  l/oiling  pulp 
of  peroxide  of  lead  and  water,  carbonate  and  formate  of  lead  are  obtained :  C*H"0*  «■ 
8PbO»  =  2CH*rbO«  +  2PbC0*  +  4PL.(J  +  4H'0.     (Stureiiberg.) 

4.  Dextroglucose  bchavee  like  milk-Bugar  when  its  auurous  $titutioH  is  heated,  that 
is  to  say,  it  turns  yellow,  and  finally  dark  brown,  and,  if  afterwjrd.^  li-ft  to  eruporat^ 
leares  an  acid  deliquescent  syrup,  which  does  not  erystallitto,  ercti  after  sereral  months 
(Hoppe,  Chem-  Ceatr..  1B60,  p.  54).  The  rotatory  power  of  the  aqueous  solution 
does  not  alter  by  standing  for  ten  months  (M  aumenl,  Compt  nnd.  xxxix.  916).  A 
cDucentrated  aqueous  solution  becomes  yellow  when  heated  in  a  cblorideHtf-sodium 
bath,  but  its  rotatory  powi^r  is  scarcely  altered  in  40  to  60  hours,    (^oubeiran.) 

6.  Its  aqueous  solution,  mixed  with  I  at,  add  carbonato  of  potassium,  and  then 
with  1  at.  iudinf,  and  warmed,  yields  iodofarm.    ^Millon.) 

6.  Heated  in  a  seijJed  tube  with  bromine  in  presence  of  water,  it  yields  hydro- 
bromicacid,  a  dark- brawn  liquid,  and  humus-like  products.  (Barth  and  utssiwetx.) 

7.  CUorine  converts  glucose  into  a  brown  or  black  mass  containing  caramelin, 
i.  748  (Maumeni),  Stannic  chloride  acts  upon  glucose  in  the  same  way  as  upon 
cane-sugar,  courerting  it  into  Maunien&'s  caramelin  (i.  749). 

8.  Fuming  nitric  acid  conrerts  ghico«e  into  nitro-glucosc  (Flores  Domont^  and 
Menard).  When  heated  with  common,  or  modenit^'ly  diluted  nitric  acid,  glocoM 
yields  saccharic  acid  (Heinto)  and  oxalic  acid,  but  no  tirtaric  add.    (Liebie.) 

6.  By  heating  glucose  with  syrupy  novLtoMS  phoaphoric  acid  to  140*^,  a  suiatl  quan- 
tity of  a  saccharide  is  obtained.    (Berth e lot.) 

10.  Glucose  dissohce  without  coloration  when  triturated  with  cold  oU  of  vitrinl, 
forming  gluooso-sulpharic  acid.  This  r^iaction  diatinguiahes  glucose  from  cane-sngar, 
which  18  <^uickly  blackened  by  oil  of  ritrioL  It  chars  when  gently  heated  with  4ptB. 
oil  of  ritnoi,  and  eTolres  carbonic  oxide  and  carbonic  anhydride  (Filhol).  When 
jlncose  ia  boiled  with  dilute  sulphuric  acid,  the  liquid  becomes  brown  and  yields  a 
lepoeit  of  ulmin  and  ulmic  acid ;  when  air  has  access,  formic  acid  is  also  produced. 
(Malagnti,  Ann.  Ch.  Phys.  Uv.  417) 

11.  Glucose  long  boiled  with  Aj/c/rMtA/tfrii: acitf  becomes  unfermentable.   (Bodeker.) 

12.  When  heated  with  aqueotis  iodic  acid,  it  is  slowly  decomposed  into  carbonic 
anhydride  and  water.     (M  i  1 1  o  n.) 

13.  Mixed  with  water  and  an  equal  quantity  of  arsenic  acid,  and  exposed  to  Um 
sun,  it  beoomes  red  or  brown  after  three  or  four  days.    (Bottger.) 

14.  Honey  behaTea  with  ata/ie  acid  in  the  same  way  as  cane-uuear.    (Bobereioer.) 

15.  The  rotatory  power  of  aqueous  glucose  ia  but  rery  slightly  altered  by  long 
beating  in  a  cbloride-of-sodium  bath  with  acrtic  acid.   (Soubeiran.) 

16.  Uy  he^iting  Ji.'irrt>^lucuse  with  organic  adds,  compounds  are  formed,  with 
*'titninutioa  of  water,  which  belong  to  the  chiss  of  Succhundrt,  and  no  longer  poeaess 
the  properties  of  the  acid  and  (^  sugaTi  ^^^  ^ure  capable  of  breaking  up  a^in,  by 
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afirimikting  water,  into  the  acid  and  dextroglucoM  (Berth el ot).     See 
and  Sacciujudk). 

17.  Gaiteoiu  ammottia  passed  orer  dextrogtucoee  heated  in  a  tratcr-bath,  or  to 
]t)0°  C,  ia  mpidly  absorbod  ;  trater  holding  mrbonate  of  ammonium  in  iDlotioa  db- 
tilling  over,  whili'  a  brown  tuBteless  nitrogflnous  residue  ia  left.  (P.  Thenard,  Bepi 
Chim.  pure,  1861.  p.  20.) 

18.  GlncoM  is  decomposed  by  long  contact  with  alJcalis,  eUuJiiut  eartkt,  ud 
BOine  •mttalUc  nxidfa,  forming  glwcic  acid  (Peligot).  When  it  is  heated  with 
votath-Uy,  the  solation  becomes  dark  brown,  crolres  a  smell  of  caramel,  and  oontaiiw, 
l>Mtd«s  glaeic  acid,  Pellgpt's  mela9aicacid. 

19.  A  thick  syrup  of  glucose  distilled  with  lime  yields  an  oil  from  which  metaee* 
tone  and  phorone  can  be  obtained  by  fractional  distillation.  (Liet>Bodart,  Ann. 
CL  Phann.  e.  364,) 

20.  Aqueous  glucose  heetwi  with  nitrate  of  barium  to  180<=>  C.  for  48  hours  ia  a 
aealed  tube,  yields  a  body  which  is  in8olu!)lo  in  water,  and  oontains  a  small  qnantitT  cf 
nitrogen,  while  an  »cid  colourless  eohition  remains,  which  quickly  beeomea  eoloarsd  M 
exposuro  to  the  air,  and  contaiiut  neithc^r  nitric  add  nor  ammonia,  bat  evolm  »  hqt 
quantity  of  ammonia  when  fused  at  a  red  heat  with  hydrat«of  barium.  (P.  Thinard, 
Bull.  S«c.  Chim.,  1861,  p.  61.) 

21 .  Sy  heating  aqueous  glaowe  with  aqueous  carbonate  of  sodium  and  baste  nU/«St 
cf  hieiHuth,  a  bladc-browu  liquid  and  greyiah-brown  precipitate  are  obtained  (Bollg»t. 
Jahrb.  pr.  Pharm.  xxii  29).  Gluoose  can  be  dctectad  in  cane-aogar  or  in  axm  hf 
this  reaction.     (Bottger,  J.  pr.  Chem.  Ixx.  4S2.) 

22.  Crystallised  glneose,  evaporated  with  excMS  of  oride  of  lead,  loaea  11 -14  pv 
c<»nt.  (10-4  per  cent,  according  to  Guirin-Varry)  of  ita  weight,  Vjut  the  residDir  fi 
brown,  undMoifllH  of  burnt  suj5iir(Berzeliu8).  A  miztare  of  cryatallised  ul^iwee  wjtb 
oxide  of  lead  loses  in  weight  28  per  cent,  at  110°  C^  the  sugar  being  couTBitcd  into 
melassic  acid.     (Peligot) 

23.  Ferrie  ntlphatr  and  cMoHde  are  reduced  to  ferrous  salts  by  boiling  with  aquson 
glucose  (Hiinefeld,  J.  pr.  Chem.  vii.  44).  Ferric  hydratew  redoeed  in  the  eold, 
BtiU  more  easily  on  boiling  (Kuhlraann,  Compt.  rend.  xlix.  267).  An  aqueous  nis* 
Tare  of  6  nts.  tartaric  acid,  24 Q  pta  crystallised  carbonate  of  sodium,  amd  6  or  ij' 
crystalliMa  ferric  chloride,  if  faeat'Pd  to  boiling,  filtered  hot,  and  then  mtiied| 
glucose,  heeomes  darker  coloured,  and  deposits  a  precipitate  eontainlng  ftrrmm  i 
(Lowenthal,  J.  pr.  Chem.  Ixxiii.  71.) 

24.  A  concentrated  solution  of  glucose  mixed  with  nitrate  of  cobalt  and  m 
anantity  of  ftiied  caustic  ^tash,  remains  clear  on  boiling,  or,  if  ^ery  concent] 
aoposits  a  light'bfown  precipitate  (Reich).     The  presence  of  glucose  in  a  so) 
^f  cane-augur   prerenta  the   production  of  the  riolet-blnc  precipitate,    which 
tions  of  pure  cane-sugar  give  with  solutions  of  cobalt  and  potash.     (Reich,  J.  ft, 
Chem.  xliii.  72.) 

25.  An  aqueous  solution  of  glucose  mixed  with  potash4ey,  and  then  with  tvpriemi' 
jthatf,  dittwlvea  the  cupn'c  hydrate  which  separates  at  first,  with  a  deep  blue  eobar.vA 
dieposits  cuprous  oxide  jtfter  some  time  in  the  cold,  immodiat«Iy  if  heated.  The  f  ~ 
tion  of  this  precipitate  makes  it  possible  to  detect  and  distingoish  ,ao^  P^  1 
from  cano-BUgar,  starch,  or  gum  ;  by  the  reddish  coloration  of  the  solution,  )/j,irtf| 
glucose  can  be  dtteetcd  (Trommer,  Ann.  Ch.  Pharm.  xxxix.  361).  Under  theiM 
conditions,  I  at.  glucose  wduces  6  at  cuprous  oxide  (formed  firom  10  at.  enpiw 
oxide)  from  a  solution  of  cupric  sulphate  mixed  with  a  sufficient  qnantitr  of  taitahe 
■rid  and  then  with  pota/sh  :  a  solution  usually  called  poUusio-tartroU  of  eoffm.  k 
similar  reduetioo  tukts  place  when  cupric  acHate  is  boiled  with  a  solution  of  ^aaw; 
cuprous  hydrate  is  thfn  deposited,  acetic  acid  is  given  off,  and  the  solution  retaiMa 
copper  salt  which  has  not  yet  been  examined.  Nitrate  of  copper  is  not  redaatd^ 
glucose. 

26.  Mercitrovs  nitrate-  {«■  not  altrrt^  by  aqueous  glucose  at  100°  C.     (Ban nana.) 

27.  Glucose  throws  down  metallic  silver  from  aqueous  nitrate  of  tiiofr,  as  a  Uack 
precipitate,  on  boiling;  fromaqaeons  ammonlo-nitrate  of  silrer,  as  a  dirty-grey  precipi- 
tdtc  (Baumanu).  Ammoniacal  glucose  throws  down  silver  as  a  me<tallic  mirror  from 
BuiKoijs  ailver-sidtA  in  tho  cold  or  when  ht-nted  (Liebig).  The  metal  is  »Lm  sep*- 
rili'd  when  a  mixed  wlution  of  nitreti'  of  sih-er  and  glucose  is  allowed  to  Stand  for  1* 
dfiys  (Schwertfi^ger,  Jfthrb.  pr.  Pharm.  vii.  292).  A  solution  of  glucose,  mixed  with 
citrbonate  of  sodium,  or  with  poLush-ley,  reductM  chloride  of  silver  to  the  metallic  st«f« 
on  iKiiling ;  it  reduces  carbonate  of  silver  even  at  66<* — 70°  (.Schiff,  Ann.  Ch.  t'hsna. 
c?x.  6H).  Ott  heating  glucose  with  oxide  of  silver  and  potaah-Icy,  oxalic  acid  is  fbti^H 
(Lie big.  ibid,  cxiii.  12.)  ^^ 

28.  Glucose  is  not  changed  by  ebullition  \n^al:^tx>^w pUUnic  chlvridt,  (BannaU 
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so.  If  •olution  of  glnco«e  mixed  witli  indigo,  or  with  solution  of  indigo,  »  boilMl, 
mud  CArtxm&tr  of  mciium  dropped  iu,  rb<(:>  liquid  iti  dcoolorined  by  the  conrenioii  of  the 
indi^o-blue  into  indigo-white,     (E.  Mulder,  N.  Br.  Arch.  xcr.  268.) 

30.  An  aqueoufl  solutioa  of  1  pt,  ferriofamdo  of  potauium  {red  pruuiate)  mixed 
vith  I  pt.  hydrate  of  potuaiam,  uid  heated  to60^ or  80*^  C,  is  decoloriM-d  wh«>D  aquooiM 
glucose  ifl  dropped  ia.  Inrerted  sugxr  b«haTfifl  in  the  aame  way,  but  cune-mu^rar  and 
di^Kirij]  pri-paJed  by  roasting  (the  Utter  not  even  after  being  boiled  fur  n  short  time 
witJi  acids)  do  not  decoloriw  the  solution.  luO  c.&  of  &  aolation  containing  in  that 
bolk  10*98  gnus,  ferricyanide  and  6^grms.  hydrate  of  potaaaiuni,  is  dccolori(««>d  by  ih«« 
inTeited  sugar  formc-d  from  1  grm.  of  cano  augur.  (Oentele,  Dingl.  poL  J.  clii.  68 ; 
JahrMb.  d.  Chem.  1859,  698.) 

31.  Dextroglacose  is  capable  of  undergoing  vinotia  /rrmentation  (p.  729).  It  is  rot 
thereby  first  converted  into  another  kind  of  sugar,  certainly  not  into  hcvoglncode ;  for 
the  liqitid  has,  at  every  stage  of  the  process,  a  dextro-rotatory  power  pro{HjrtiontU  to 
the  quantity  of  glucose  contained  in  it,  and  yields  crystals  of  dextroglucose  by  ovapo 
ration.  (Ventske,  J.  pr.  Chem.  xzv.  78;  Mitscherlicb,  Po^.  Atm.  lix.  94; 
Dubrnnfaut,  Ann.  Chim.  Phys.  [3]  xxi.  171.) 

32.  In  the  lactoits  fermcnt^tum  (p.  630)  of  dextro-gluco«e,  the  rotatory  power 
diminishes  constantly  in  the  proportion  correaponding  to  the  quantity  of  acid  formed 
(Dubntnfaut).  Erythrcgtfm  acts  on  glttcoso  in  the  same  way  as  upon  sugar. 
(Schunck,  J.  pr,  Chem.  Ixiii.  222.     See  also  p.  267.) 

Left  to  itself  in  contact  with  chalk  and  cheue,  or  grlatin,  or  other  nitropenoun  nni- 
maJ  BubHtances,  at  i<P  C.  fur  weeks  or  months,  an  aqueous  solution  of  ^Iucom*  it)  eaint- 
ble.  according  to  Bertheloit,  of  unde:^oing  a  decompoaition,  different  from  fermentation 
pmperly  so  called  (which  takca  place  under  the  influence  of  yea.*tt),  whereby  the  nitro- 
ifenoufl  substance  as  well  as  the  hw^tix  sutfera  dernmpoaition,  und  nitrugen,  carbonic 
anhydride,  and  hydrogen,  are  evol  ved,  whilo  alcohol,  and  butymte  and  lactate  of  calcium 
-are  formed.  Yeast  is  not  produced  under  these  cireumi^tunet's,  unless  air  has  ex{-i*ss  to 
the  liquid.  In  other  cases,  cells  resembling  yeuJrt  make  tlieir  Ji{>|iear.ir(ce  without  any 
ah-ohol  beinpr  produced;  so  that,  under  thew  piirticuliir  conditinnK,  yeast  and  aImIioI 
are  independent  of  each  other.  The  chalk  may  be  replaced  by  many  other  e;irboniites 
— oO  gnaa.  glucose,  800  grms.  water,  60  grms,  chalk;  and  20  grms,  cheese,  left  to 
«t«nd  at  the  mean  temperstote,  produced  at  first  livdiite  of  oakium,  but  after  fire 
months  this  had  disappeared,  and  the  liquid  contiuned  butjmite  of  calcium,  and  a 
qtuintity  of  alcohol  amouuting  to  2  per  cent  of  the  glucose  used.  Alcohol  was  iiiao 
formed  after  addition  of  fatty  oil,  or  of  oil  of  turpentine,  but  there  was  no  lactate  of 
cjdcium  ;  addition  of  sulphide  of  carbon  proTented  the  destmction  of  the  sugar.  A 
iniilure  of  1  pt.  glueo»e,  10  pta.  water,  }  pt.  cheese,  and  1  pi  magtwtia  alfnt  oouUiineil, 
Ai^er  Are  months,  alcohol,  lactate,  and  a  small  quantity  of  outyrate  of  magnetiium,  the 
fiugar  Iwiiif?  com[iletely  destroyed.  In  thi.s  and  in  some  of  the  following  raves;  it  ro- 
mained  doubtfoJ  wliether  or  not  yenst  waa  formed.  Siimihir  products  were  formed 
when  an  equal  quantity  of  earbonHte  of  barium  wah  used  instead  of  tbo  magnesia. 
Alcohol  w&B  obtained  when  the  carbonate  of  zinc  manganese,  iron,  nickel,  and  lead,  or 
peroxide  of  mansanese^  oxide  of  sine,  cuprie  oxide,  metallic  iron,  ai)d  metallic  cine 
were  used  insteoa  of  the  magnesia  ;  with  oxide  of  lead  and  carbonate  of  copper  no  al- 
cohol was  obtained.  Alkaline  carbonates,  or  bonite,  phosphate,  or  hyposulpliite  of 
■odiun.  abided  in  et^tml  quantity,  did  not  prevent  the  produi-ticn  of  alcohol.  By  caustic 
fioda.  the  sugar  was  destnuyed  without  yielding  alcohol ;  with  wuiphife  of  sodinm  or 
calcium,  it  remninwi  unaltered.  When  the  magnesia  was  replaced  by  carbonate  of 
ammonium,  alcohol  was  formed  together  with  a  peculiar  acid,  the  CHlcium-««lt  of 
which  was  deliqueuceat,  and  contained  at  110°  C.  36'fi  per  cent  carbon,  6"2  hy- 
drogen, and  18'9  lime,  nearly  corretpondiog  to  the  formula  C^H'^Ca'O*.  (Bt^rthelot, 
Ann.  Ch.  Phys.   [3]  1.  ,^51.) 

33.  When  strong  sulphuric  acid  is  gradually  added  to  aqneoos  solution  of  ox-Mr^ 
until  the  precipitate  at  first  produced  is  re-diasolved,  the  liquid  assumas,  on  addition 
of  a  small  quantj  ty  of  wikitioiii  of  glucose,  a  violet-red  colour,  similur  to  that  of  a  solu- 
tion of  permanganate  of  potaasinm.  Cane-sngar  and  starch  nh<>  act  in  the  same  way 
'J^ettenkofer,  Ann.  Cb,  Pharm.  Ui.  90).  According  to  Petteiikofer,  this  rpaciion  ia 
applicable  to  the  detection  of  sugar  in  nrine,  and  also  in  blond,  «fter  removal  of  albu- 
min by  boiling  with  aloohol.  Many  other  prutt'in-compound.'*,  likewise  oil-fat,  oil  of 
almotidij,  imd  many  other  oils,  behave  like  bile  (M.  S.  Scnu!tze,  Ann.  Ch.  Plinrra.  Ixxi. 
206).  The  extractive  matter  of  healthy  urine,  employed  in  place  of  sugar,  producee  the 
same  coloration,  which  may  sometimes  be  obtained  with  ox-bile,  fmlphnric  acid,  and 
a  small  quantity  of  water  only  (Van  denBroek,  .T.  pr.  Chera.  xxxix.  362).  According 
to  Schunck  (Phil.  Mag.  [4]' ixiii,  179),  the  extractive  matters  in  healthy  urine  yield, 
when  decnmpo«ied  in  a^ijueoua  solution  by  meunti  of  strong  acids,  a  sugar  posii»aaing 
the  eompoaitiiin  and  some  of  the  properties  of  glucose,  but  uucr^-staUised  aiid  insipid. 
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Com  ffi nations  of  Dextroglucotc, 

A,  With  FFatrr. —Melted  glucose  deliqtieMes  At  6rBt  in  the  air  Jiy  aboorptioa  <A 
water  (7'9  per  cenL  according  to  Gu6ri  n-Varry),  and  soUdiftes  as  sooo  u  Uia 
quantity  of  water  us  sufficit^nt  for  the  fornuitioD  of  cr}'sta1s,  to  a  crystaUiae,  graanlar 
mAHjs.  illucoso  dried  iirithoiit  being  ni«?Ued  abftortw  no  water  when  pxpoeed  to  the«ir 
(Bio  ham  p.  Compt.  rend.  xlii.  900). — The  crystjils  of  anhydroos  glucom,  obtained 
from  dlcohol,  if  dissolved  in  a  small  quantity  of  water  and  eraporated  orer  oi!  of 
vitriol,  ar0  found  to  have  taken  up  a  quantity  of  water  amonating  to  only  3*1  per  eeaL 
of  their  weight.  Anhydrous  clucosi;  appears,  therefore,  capable  of  exiflisg  for 
time  in  aqueous  solution  (0.  Schmidt).  An  aqueous  solution  Fvaporated  to  %• 
syrup  solidifies  after  a  few  days  to  a  granular  mm* ;  if  emporated  to  a  thick  syi 
does  ni^t  dolidlfy,  owing  to  abwuoe  of  sufficient  water,  until  it  has  abaorbed  mor^ 
from  the  air. 

a.  Ht^mi'httdraird  fflueoM.  Anthflfi's  hard-crt/stallitrd  plueosf^ — PrvpHcd  oo  dw 
manofaLturiiig  seiile  Ijy  a  proceas  which  is  kept  secret.  In  the  cj^staUisied  state,  atr. 
dried,  it  contains  2C?*H'*0*.H*0,  and  does  not  diminish  in  weight  when  placftd  orergiJ 
of  vitriol  at  13«      (Anthon,  Chem.  Centr.  IB59,  p.  289.) 

b.  Mono-hvdratfd  gtutoae.  CryttaJliscd  glweoae.  (y'WKf.WO.  Thi»  hydrste  ii 
generally  obtainpd  in  white,  of^aqne,  granular  hemispherical  or  eanliflower-shuBd 
masses,  with  occasional  shining  surfwces.  The  crystals  are  seen  under  a  magni' — 
ghiss  to  be  six-sided  tables,  whose  lateral  faces  cut  earli  other  at  angles  of  atxMti 
Mitscherlicb  obtained  oo  one  occasion  transparent  well-formed  crystals,  aa  mach 
millimetre  I^ng,  which  saowed  double  refraction  (Biot.  Compt.  rend.  xxiiL  W9V 
CT)-«t«lH  are  brittle  and  grate  between  the  teeth.     Specific  gravity  1*3861.  (Oairia) 

The  mono-hydrate  becomes  soil  at  60"  C.  more  so  still  at  66^,  losing  a  nnaUqaaatitf 
of  water;  at  70'*  it  becomes  doughy ;  at  90° — 100°,  it  deliquesces  to  a  thin  syrup,  tad 
loses  tn  all  9  8  per  cent,  water  (Gu^rin-Varry),  It  melts  between  70®  and  ftO°iif 
dried  ia  vacuo,  between  OO^  and  100°  (B^c hamp),  at  86°  (C,  Sch  m  i  dt)  loM  9—91 
per  cent,  water  (3  at.  =»  by  calculation  0-09  per  cent. water)  (Peligot).  In  a  fctretci 
of  dry  air  it  loses  only  hygroscopic  water  at  50°,  but  between  56°  and  60°  part  of  itt 
water  of  crystallisation,  and,  if  kept  at  thiit  temperature  for  a  few  boors,  it  mar  b* 
heated  to  80°  or  100°  without  mddng.     (B^champ,  Compt.  rend.  xliL  898.) 

B.  With  Mrta/lic  orides.  Glccosatss. — Dextroglncose  unites  with  the  aQuliik 
alkaline  earths,  and  oxide  of  lead,  forming  compounds  which  may  be  regarded  as  giaooH 
in  which  the  hydrogen  is  more  or  less  replaced  by  a  metal.  These  compounds  sw 
more  easily  decomjioBed  than  the  corresponding  compoundjt  of  can^»ug«r.  An  aqfaeov 
solution  of  glucose  takes  up  a  large  quantity  of  hiirj-ta.  stronfiii  or  lima,  fonuog 
yellow  Bolntions  precipitable  by  aloohoU  which,  even  when  pn:>tcoT»^d  frcm  the  air,  b»- 
eomo  diirker  and  decomposed  when  kept  or  heated.  Their  ta^ste  is  K.jtter  aod 
alkaline,  and  when  cvapomted  in  vacuo,  they  leave  transparent,  brittle  inasM% 
times  containing  unaltered  glucoae.  Dextroglucose  also  forms  definite  oompovndc 
frrnnndf  and  chloride  of  sodium. 

Glticotatet  of  Barium. — a.  C'''H"Bft"0'». — An  alcoholic  solution  of  hydrate  of  boriia 
is  added  to  ejccess  of  glncose  diiisolved  in  alcohol,  and  the  precipitate  is  waabed  vitb 
strong  alcohol  and  dried  in  th^uo  i>ver  8ul{ihuric  acid.  It  is  a  neiirly  whit*,  law 
powder,  having  a  caustic  taste;  easily  soluble  in  water.  (W.  Mayer.  Aan.  Cbim. 
Pharm.  Ixxiiii.  138.) 

b.  2C"H"Ba''0".Ba''0  +  6aq. — A  solution  of  glucose  in  vood-apirit  is  mixed  with* 
wiltition  of  baryta  (not  in  excess)  in  aqueous  wood-spirit;  the  precipitate  is  wasbai mtli 
wood-spirit  and  dried  in  vacuo,  first  over  quicklime,  then  over  oil  of  vitriol  (Puligot). 
SuTibeiran  precipitated  a  mixture  of  bnryt*-wftter  c«nd  exccis  of  glticoe©  with  al«nli«L 
The  Bait  acquires  a  bright  yellow  cnlaur  at  100^  C.  in  vacuo  without  undecsailg 
further  attervtioD  ;  at  a  higher  lemperHtiire  il  frothR  up  nnd  ch-irs.     (Pel  i got.) 

GlucotaU  of  Calcium.  C*11"0m'0*  -f  aq.— A  fTeshly  prepared  solatioD  of  hydnte 
of  calcium  in  aqueoTm  glucoso  is  preeipitatiMl  by  alconol  (Peligot).  SoDlainB 
ogit|ites  glucose  with  milk  of  lime,  ihM.h  a  small  quantity  of  glucose  to  the  filtnte  to 
neatralise  the  excoxa  of  lime,  and  pr'-<:ipitatc8  with  alcohol.  The  salt  does  not  bwaa* 
perfectly  dry  till  it  has  stoofi  a  lone:  time  in  vacuo.     (Soubeiran.) 

Glueomte»ofLead.—tt.  C'*11»(1'I)'')'0'*  +  2<iq. — An  ammoniacal  solution  of  nimtnl 
acetate  of  lead  is  added  to  excess  of  glucose-solution  till  the  precipitate  bcv'xmM  prfv 
nanent.  The  white  precipitate  WHshed  out  of  contact  with  carbonic  acid  and  dried  n 
vacuo,  turns  yellow  at  150'^  C.  without  farther  alteration.     (Peligot.) 

h.  C*H*(PI)")'0'', — 25  pts.  aqueous  ammonia  are  added  to  the  mixe<i  solntKW  of  20  pit. 
dextroglucose  (or  inverted  sugar,  according  to  .Soubeiran)  and  36  plA,  neut-ml  nn-t^u 
of  lead  in  400  pts.  water,  and  the  precipitate  is  dried,  first  in  vacuo,  then  at  \WP. 
(Soubeiran.) 

GtutoMtc  qf  Bromide  of  Solium,  2C*H"0*.NaBr.— Thia  compound,  preporsd  by 
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leiiTing  a  lotatioa  of  1  iL  bromide  of  sodium  and  2  at.  glaooM  to  evapomte  in  a  wnnn 
pliicr,  WTwhing  the  crystala  which  s«pamte  with  cold  watrr,  and  ircryrtallisiiig  from 
alcohol,  forma  aahjdrooa  rhombohfldral  crystals  which  are  perhaps  Lsomorpboos  with 
th*^  following  compound  ;  when  racamined  bjr  polariwd  light  they  exhibit  the  charact«n 
<tf  uniaxial  crystala.     (Stfnhoaae,  Chem.  Soc.  J.  x^*i.  297.) 

Qlucosaira  'of  Chloride  of  &jdmm.—a.  2C^'H)*.NftCl  +  a^j— This  compound,  dia- 
corerod  by  Calloud  (J.  Pharm.  li.  502),  crystalJiwa  out  when  diabetic  urine  ia 
eraporated.  also  from  solutions  coutaiaiag  1  at.  or  less  of  chloride  of  sodium  to  2  at. 
glacoM ;  according  to  Brunner,  from  solutions  of  glocoae  saturated  with  chloride  of 
•odiom.  Whoa  a  Uy^r  of  ether-alcohol  is  poured  upon  diabetie-arine  aymp,  and  the 
whole  allowed  to  st-nnd  quietly,  tranapar«nt  crystaJa  of  this  compound  are  obtained 
(Hhoflfeld,  J.  pr.  Chim.  vii.  46).  Olueose  fix>m  diabetic  urine  yields  this  compound 
far  more  easily  than  glucose  of  different  origin  (Erdmann  and  Lehmann).  It  is 
puriiiNl  by  crj'stalliBalion  from  WHt*r  at  the  common  tcmpemtore.     (Brunner.) 

It  forms  transparpnl,  colourless,  lustrous  crystala.  attabing  half  an  inch  in  length, 
and  belonging,  according  to  Eobell  and  Schabua,  to  the  hexagonal  system,  and  consisting 
of  hexagaual  prisms  and  rhombobedrona.  According  to  Pasteur,  on  the  other  hand 
(Ann.  Ch.  Phys,  [3]  xxiii  92),  they  belong  to  the  dinietric  or  rhombic  system,  forming 

P        p     4. 
hemihednJ  rborabic  prisms  +  -  .  —  —  .  P  w  ,  resembling  double  pyramida  of  the  hexa- 

gonal  system,  but  having  the  anglea  at  the  ba.oe  -  120°  12'  and  11 9**  64'.  On  cutting 
a  crystal  into  kminas  with  parallel  faces  perppndicukr  to  the  axis  which  joins  the 
sammitB  of  the  two  six-sided  pyramids,  and  sending  a  ray  of  polsirised  light  tlirongh 
these  laminie,  they  do  not  exhibit  the  optical  properties  which  belong  to  crystals  of  the 
hezagooal  system  (Pasteur).  For  further  d«taila  respecting  the  cryataUine  form, 
see  Chnelin'a  Handbook,  xv.  23  S. 

Tlie  aqucKJUs  solution,  when  freshly  prepared,  exhibits  dextro-rotatory  power  cor.' 
responding  to  tW  quantity  of  glucose  contained  in  it,  vijt.  for  the  transition-tint, 
[o]  ■-  47' H"  ;  but  the  rotatory  power  continually  diminishes,  especially  if  tbo  sobition 
IS  not,  just  like  that  of  a  pure  solution  of  glucoee  (p.  &68). 

b.  C*R'*0*.iSiiCl  *■  ^  aq.— Ciilloud  obtained  from  glucose  and  common  salt  crystals 
containing  26  per  cent,  chloride  of  60<lium,  the  existence  of  which  was  afterwards 
called  in  question.  The  slow  evaporMtiou  of  dialvtic  urine  saturatiHl  witb  common 
salt  ftimisnes  wcU-fomied  crystals,  but  without  sufflcipnt  Inirtre  to  a<lmit  of  measure- 
ment. They  contain  on  nn  arenige  23  01  per  cent,  chloride  of  sodium,  and  lose  3'3$ 
per  cent,  water  at  130»  C.     (StSdeler.) 

Instead  of  the  crjstal*  b,  crystals  are  sometimes  obtained  oonfaintng  between  1  and 
2  at.  gln<xtse  to  1  at  i-hloride  of  sodium :  probably  beoaose  the  compounds  l>  and  • 
crystHllise  topether.     (Stadeler.) 

c.  With  more  than  i  at.  cMoridf  of  todivm, — By  eraporating  diabetic  orine  saturated 
with  common  salt,  very  smalt  crystals  am  sometimes  obtained,  which  contain  1 — 1^  per 
cent,  water,  and  more  chloride  of  sodium  than  the  crystals  of  h,  corresponding  neairiy 
to  the  formda  C*H«0'.ZNbCL     (StJideler,  Pharm.  Centr.  1854,  930.) 

Xiflewoflnooie.  This  sugar,  isomeric  w^'tb  dextroglncose,  but  distinguished  from  it 
by  turning  the  piano  of  polarisation  the  opposite  way,  occurs,  together  witb  dextroglucose, 
in  honey,  in  inuny  fruits,  and  iu  other  saccharif'-mus  vegetable  organs ;  the  mixture  of 
these  two  sugars  in  equal  number*  of  atoms  conMitnte's  fruit  sugar,  or  inverted 
sugar,  which  is  itself  Iwvo-rotatory,  because  the  specific  rotatory  power  of  lapvogluoose 
is  greater  than  that  of  dextroglucose.  This  l«vo-rotatory  inverted  sugar  was  recognised 
as  a  substance  distinct  from  cane-angar,  erren  in  the  Inst  century.  byLowiti  and  others, 
but  no  certain  mode  of  ilisrrimination  was  known,  till  Biot  Hhow<«d  that  the  difTi-rent 
kinds  of  sugar  may  be  dii^tinpiishetl  from  one  another  by  their  optical  rotatory  power. 

LffiTOglueoee  was  flr^t  obtained  as  a  distinct  sobstanee  by  Dnbrunfaut  (Ann.  Ch. 
Phys.  [3]  xxi  169).  Its  isolated  occurreaee  has  not  been  demonstrated  with  cer- 
l4unty ;  nevertheless  some  kinds  of  apple  and  pear  contain  more  torro-  than  dextro- 
glueoee,  perhaps  becaiue  the  mixture  of  the.se  two  substances  in  equal  numben  of 
atoms,  first,  produced  by  the  inversion  of  cane-sugar,  has  alreadr  suffered  an  alteration 
chiefly  affecting  the  dextntglucoae.     (Buignet,  Ann.  Chym.  Phys.  [3]  Ixi.  264.) 

Fonnatiem. —  1.  A  solution  of  cane-sugar  left  to  itself,  or  warmed  with  dilute  aci<ls 
loaee  its  dextro-rotatory  power,  and  acquires  a  lievo- rotatory  power,  which,  when  the 
transformation,  or  iviierMnn,  is  complete,  amount*  to  38^  for  every  100*  of  the  original 
rotation  to  the  right.  This  alteration  depends  on  the  assimilation  by  the  cane-^ugar 
of  6  per  cenL  (1  at.)  water,  whereby  it  is  resolved  into  dexLro-  and  livoglucoae: 

C"H«0"  +  H«0  -  C'H'^0*  +  f."«H'»0*. 
The  Mme  decompositinn  is  brought  about  by  contact  with  ye«st,  or  with  the  peetiliaf 
finrmeat  of  fimits  (pectase). 
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2.  LwToglttoosc  JK  also  f  roduced  by  boiling  IseTolusan  (C*H'*0*)  with  water  or  with 
dilatn  acids.     (G^tlis,  Compt,  vmd.  xlviiL  lfi62.) 

3.  Inulin,  the  aiuyWeons  matt<>r  obtiiine<l  from  th»  roota  of  ImUa  Htlttnimm, 
many  other  pknts  of  the  composite  ordfr,  which  al«>  has  the  composition  CH" 
yiflds,  when  lioik^d  with  dilute?  acids,  or  for  a  long  time  with  water,  a  IsTO-roUto^ 
sugar,  which,  ucconling  to  Bubruufaut,  ia  ideatical  with  the  leroglucuM  obtaiiKd  \rf 
method  1. 

Preparatiim  of  Lawgltuo$e  from  invnrtrd  tu^ar. — ^When  10  gm*.  of  iijr*T*«d  tagar, 
prepared  from  ciuie-sugar  by  the  action  of  acids  aa  above  mentiotoMl,  aj«  iubinatrljr 
mixed  with  6  grms.  hydrate  of  lime  and  100  grma.  wat^ir.  the  mais,  whieh  ia  UqaJd  at 
firtit,  solidiftes  after  a  ceitoin  ainoant  of  agitation,  and  yields,  by  utroag  prwram  a 
solution  of  the  calcium-compoand  of  dextro-glucose ;  while  the  Bolid  renduet,  «mM 
and  decomposed  with  oxalic  acid,  yields  teroglncosa  (Dubrunfaut).  The  inrfftpd 
BUgar  occurring  in  fruita  may  b«  decomposed  in  the  name  m^inner. 

/'fWJerf*/*.  — Lffiroglupose  is  a  colourless  uncrystiillisable  syrup  (X>nbriinfaat|,xs 
amorphous  solid  mBu*s  (BouchardetX  After  being  heated  to  100^  CL»  it  exhilHt*  Ibg 
com{.)uHitiua  C'H'X)*.  It  is  as  sweet  us  cane-sugar,  and  acts  aa  a  par^ttTC.  It  i> 
more  8oiut>le  in  alcohol  than  dextroglucofM!.  Its  rotatory  power  Toriea  with  the  t««»- 
perature.  For  the  transition-tint,  [a]  =  -106"  at  14°  C.;  -=  -79-S*>  at  W  C; 
=  -53=atgo^a     (Dubrunfaut.)  _ 

Dfcumpositioiti. — LBToglacose,  whf^n  heated,  yields  a  product  anal(^us  to  t^*^^^| 
cosan  (p.  854)  of  dextroglticoae,  but  more  easily  decomposable  (G^lia,  CompL  l^^^H 
li.  331)  ;  probublVi  therefore,  la^voluaan,  — LieTOglucose  in  contact  with  yetut  ondflB^^V 
vinous  fermentation  without  pre\'ious  conrerBioD  into  another  kind  of  sa|pw^i-  1 
brnnfaul). — Th«f  other  reactions  of  IsToglacoeo  hare  been  studied  onlj  vitli  ftv^ 
sugar  eontuining  dextroglucose :  they  agree  with  those  of  dextroglneooe. 

When  aodium-amatyam  is  udrlexi  to  an  aqneous  solution  of  cane-cttunr  inverted  by 
tlie  action  of  dilute  sulphuric  acid,  the  excess  of  acid  having  been  re-moved,  HrubUo 
of  hydrc^n  ceases  alLi>gether  aa  soon  as  the  liquid  has  Wcome  slightly  alkaline;  hmt 
is  evolved;  and^  when  the  action  is  complete,  the  solutionis  found  to  coataia  man  uita 
(Linnemanu,  Ann.  Ch.  Fharm.  cxxiii.  136.) 

(?H"0»  +  H'     «     CTr"0* 

OlueoM.  Miuiiiite. 

CombmatUm. — With  Linw. — I^voglucose  forms  with  lime  a  aolubl«  luisie  ermpoimi 
analogous  to  that  of  dextrpglacose  (p.  862),  which  absorbs  oxygen  from  ihe  air  aad 
decomposes. — A  second  compound  containing  3  at  lime  to  I  uL  Uevoglucose  formi 
sparingly  soluble  microscopic  needles,  and  is  decomposed  by  Mater  when  exposed  to 
light  and  air,  the  compound  deliquescing  und  the  sugar  nndcrgi^ing  deconipoait)0tL 
(Dubrunfau  t.) 

&»woliuaa.  C^'^O'.  (OAHb.  Compt.  rend,  xliii,  1062 ;  Ann.  Ch.  Phy*  [i] 
Ivii.  234;  Jahreeb.  1859,  p.  647.)— Cane-sugar  quickly  keated  to  160*>  C,  and  kep< 
in  the  melted  state  at  that  temperature  for  a  mmlemte  time,  is  converted  into  a  tnir- 
tuFO  of  equal  nnmlxfs  of  at43m8  of  lajvolosan  and  dextro-gltioofie.  the  laitar  at  wbfeh 
may  be  removed  by  fermentation: 

C'-H«0'i     »     C«H"0»  +  C'H^O' 
C4ne-iii(«r.  LN>«n1n>»n.       Ulncoir. 

The  remaining  liquid,  which  has  a  Ift»vo-rot«tory  power  =  15^  for  the  tnantian- 
tint,  leav*^  when  evaporated,  a  syrup,  which  does  not  crystallise  even  wh«m  kept  fcr 
ypare,  but  contains  Iwvolusan,  partly  unalt**reii,  partly  metamorphosed. 

LsBvolusan  is  converted  by  fwlinff  wattT  and  by  dilute  acids  into  a  femratebb 
t»vo-rotatory  sugar,  which  reduces  copper-solution,  and  is  probably  identiod  vitk 
Lsvoglucose. 

GX.T7COSB,  BaTBCTtOir  A.VD  SSTIMATIOIV  Or.  The  reetCtiottS  U« 
idnpte<l  for  the  detection  of  glucose  (dejttro-  or  Irevo-)  in  stilution,  either  alone  or  la 
presence  of  cane-supHr.  are: — 1.  The  dark  brown  coloration  with  fotash-lry  ( 18,  p.  9tH\ 
cane-BOgar  not  exhibiting  any  sensible  coloration  when  thus  treated.— 2.  The  bladi- 
brown  colomtion  and  greyish  brown  precipitate  ftmning  by  bagio  nitrtite  of  bitmvtk  m 
the  solution  mixed  with  carbonate  of  sodium  (21,  p.  860). — 8.  The  rwlurtion  ofevfrie 
galta.      It  is   necessary  to  observe,  however,  that  cane-sogar  re<l  us  oxitie 

from  an  alkaline  solution  of  cupric  sulphate  after  prolonged  b-  z  in  fart 

partly  convert*^  then'by  into  glucose;  but  with  glucose  the  i*.i  rrunedisls 

(26,  p.  860). — 4.  The  decolomtibn  of  nn  alkaline  solution  of /crrj-  x-itamtcm 

(30,  p.  861),  an  effect  not  produced  by  cane-sugar. — 5.  The  nou-pr-  ,i  atioIc^ 

blue  prectpilntn  with  nitratf  of  colxi/t  and  caustic  alkali,  indicatoa  the  presence  c( 
glui-<».se  in  a  Bobition  pnviously  known  lo  rontnin  cane-«ugnr  (24.  p.  860), — ft.  In  the 
Sulid  wtalc  or  in   thiit  of  strung  syrup,   glurvisc  and,  uiiie-su^^  atnv  b«  dlMineatttlt^ 
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by  their  diflerant  WhavJour  with  Btrong  sulphuric  acid  (10,  p,  8ii9),  pliioj**  aiiuply 
dMaolviu^  without  culomtton,  wiitireui!  cane-sugiir  i«  blitckminl  and  cump1i-U'ljd(«om- 
posed.  This  reaction  will  nut,  however,  atrve  to  indicate  the  preaeoce  uf  glu<*o«e  wbc>o 
mixed  with  eiuie-a<igar, 

for  th«  det«ction  of  sugar  in  orine,  «?«  Uhiwi. 

QuanMative  Estimation.— I.  By  rpduction  of  eupric  tnltt.  A  known  mfusure 
of  potass io- tartrate  of  copper  mixed  with  potuab-lcy  ia  hrated  tu  l«oiling  in  a 
eapaule,  and  th^"  liquid  containing  ninr  ia  dropped  in  nntil  ilto  ci>p)M>r-«olntiuQ  ha^ 
b<«ORie  rolourlpss  by  the  aeporation  of  red  cuprous  oxide.  The  quantity  of  gjacoae 
reqvured  t-o  reduce  th«  qoantlty  of  coppcr-Bolution  employed  mtml  ht-  wcvriiimt^  by  a 
preliminary  experiment.  Barreswii  (J.  Pharm.  ri.  301)  prrfiarw  fhp  wppt>r-«>hition 
by  diasolnug  400  pnnw.  carbonate  of  aodjmn,  600  gmiH.  rntira  of  tartar,  3iK)  grnw, 
auiphate  of  copper,  and  400  grmta.  hydrate  of  pot^uajium.  in  half  »  litn-  of  wat^r.  K  e  h  1  i  ng 
(Ann.  Cb.  Pharm.  LxxiL  106;  cvi  75)  addt  to  a  solution  of  160  gnna.  neutral  tartrate 
of  polMssium  (or  better,  192  grms.  tartrate  of  potaHnum  and  tiodium)  in  a  snud)  quan- 
tity of  water,  6(K>  or  700  cc.  aoda^ley  of  ip.  gr.  1-12,  tbeti  a  solution  of  40  grma. 
cr}'8talliaed  sulphate  of  copper  in  aboat  160  ce.  water,  and  dilntt'*  the  miatore  until 
it  meaaorea  1154*4  o.  c.  at  IIS®  C.  Five  milligramines  of  dry  p!uco»e  can  reduce  1  c.  c. 
of  fhia  solution.  The  wlution  muBt  be  kejit  in  well  closed  veiweK  U>  protect  it  from 
carbonic  acid  and  air;  it  oufjKt  not  to  give  any  precipitrtte  of  i.Tipnjui  oxide  when 
boiled  by  it**"lf.    The  suirar-solution  to  be  tt»stt^d  10  beat  employed  free  from  acid. 

%  WbL'u  a  feolutioti  coiituins  do  optically  active  Hub«taaec  l)eside«  glu(H^M4-,  or  only 
eane-augar  in  addition,  the  quantity  of  dextroglucoae  may  be  deduced  from  ita  rotatory 
power.    (Se«  Saochariicttbt.) 

3.  Qlncosp,  aa  welt  as  cane-sugar,  may  alao  be  estimated  by  the  qnantitiea  of  car- 
bonic anhydride  and  (licobol  produced  from  it  by  fermt'Utatiou  with  y<*«»t.  Accord- 
ing to  P*wt<'ur,  lUdptn.  cuni*-aug*r,  or  lOo  pta,  glucoae,  yield  by  fermentation  49*12 
ptM.  carbonic  anbydnde  and  Al'Ol  pta.  absolute  aloobol.     (See  Sugab  and  ^Accauiu- 

MKTHY,) 

OKTTCOSB  rsSMtENT.  The  conversion  of  cane-sugar  info  glucose  (invention 
of  attjjar)  whii'h  takes  pla«?  in  vinous  fenncutation,  ia  rc^xardeJ  by  Pusteur  aa  a 
awMiidury  efftx^t,  depending  on  the  action  of  the  auccinJc  acid,  which  \«  always  produced 
inamall  quantity  lu  tliat.  process.  According  to  Bert  helot,  on  the  other  hand  (Compt.rr^nd. 
li.  980  ;  Jiihresb.  1860,  p.  SIS),  the  chaiipp  in  due  to  the  action  of  n  T<eouliar  ferment, 
containnl  in  or  prmluci-d  from  yeiist  That  it  does  not  di^pend  on  the  action  of  a  fn'e 
acid,  18  flhown  by  tlie  fact  that  when  yen«t  \^  added  t-o  a  solution  of  cune-sugar  made 
alktdine  by  addition  of  acid  carbonate  of  sodium,  a  considenible  quantity  of  inverted 
Btigar  in  prwluced^  although  the  fermentation  ia  retailed  by  the  presence  of  th« 
alkali.  When  the  liquid  obtained  bydiffbeing  yeaat  in  a  twofold  Quantity  of  water,  leaving 
it  to  stand  for  several  hours  in  the  cold,  and  flhiruig,  is  added  to  a  Mlution  uf  cniie* 
lugur  mixed  with  a  fmiiill  quantity  of  acid  carbonate  of  iHNlium,  the  ifiven^iun  of  th« 
augar  takes  place,  Ihouph  the  liquid  does  not  become  acid,  and  no  vinous  fenicntation 
ia  aet  up.  On  mixing  this  same  liquid  with  an  t'qnal  volume  of  alcohol,  white  flocka 
Hfe  prscipitated,  whi(!b,  when  washed  with  alcohol  ttnd  iWeti  at  ordinary  fi-mpi-ra- 
tnrea,  form  a  yellow  homy  mii>«,  consiBtiug,  according  to  Berthelot,  of  a  nitrog«'UOX« 
aubdtance  analogoun  to  din«t8Be  and  pancreaftn,  which  may  be  nfiisaolved  in  water, 
and  afterworda  coagulated  by  heat  or  by  nitric  acid.  One  part  of  this  lubstanre  ia 
■officient  tu  convert  from  bd  lo  100  pta.  of  cane-vttgur  into  ^locose.  It  appean 
to  be  formed  frum  the  yeaat  itself;  for  if  yeaat  which  has  be«n  washed  for  niiy 
length  of  time  with  water— prorided  it  has  not  become  putrid — be  h-H  fop  some  time 
in  <x)ntiict  w-ith  water,  it  Blill  gives  op  to  the  water  thia  ao-callt^  glui'osJe-fermi'nt. 
(Berthclot) 

OlbtrCOSrDBB.  GlucoMimidca,  Sarckarogrrts. — These  terms  were  applied  by 
Laurent  (Ann.  L'h.  Phys.  [8]  xxxri.  .T30>  to  snbstaneeK  which,  when  decomposed  by 
dilute  aeids,  yield,  on  the  one  hand,  dextroglucoae  or  another  sacchiirine  Bubs»tauc« 
iHomerio  theFfWttli.  and,  on  the  other,  a  product  ditf^Ting  in  character  accunling 
to  circumstanws,  but  not  belonging  to  the  duaa  of  carbohydnitea  C"H"-»0*.  The«« 
bodies  are  nutuml  piwlucts  occurring  frequcatly  in  the  bodies  of  p1unt«,  less  fre- 
quently in  those  of  iinimals:  none  of  them  nave  been  prepared  artificially. 

BorthtslotV  cliuMfi  t)i  SfUL)mr(dts  includes,  besiJi-*  tlie»*f,  certain  arliticially  preparad 
compounds  of  th**  cnrl'ohydwfes  «ith  acide.     (JSee  SACtHAHit>ES,) 

The  resolution  of  slucrwides  into  glncose,  or  a  corresponding  product,  and  a  second 
body,  takes  place  for  the  most  part  on  boding  with  dilute  mineral  aettin  ;  or  it  is  pro- 
doced  by  heatiu^  tlw  0n.mM^«  with  uqueoua  alkalis  or  baryta-uaOr.  in  this  lutter 
case,  according  to  RoehledBr  (Wien.  Akad.  B<r.  xxiv.  .31^),  crystallisiible  sugar  ia 
eometimm  obtained,  whereaa  the  decomposition  with  acids  yields  oolj  oucrystallisabl* 
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BeHsohelicin  is  resolved,  by  boiling  with  dilate  acidi)  or  aqueous  alkalis  (not  bj 
nnulnu)^  into  bensoic  acid,  salicylous  acid,  and  grape-sugar : 

C"H»0»  +  2HK)  -  C'H«0»  +  CH«0«  +  C«H'«0«.    (Piria.) 

Brfomin  is  leaolTed  by  boiling  with  dilute  acids,  into  biyoretin,  hydrobryotin,  and 

C«H"0'»  +   2HK)  -  C!"H»»0'  +  C«'H«0«  +  OffK)*.    (Walt) 

Cbifictn  (C"H"0'^  is  resolred  in  like  manner,  into  chiococcaic  add  and  sugar. 
(Boehleder  and  Hlasiwetz.) 

CkUin,  boiled  for  twelve  hours  or  longer  with  a  mixture  of  1  voL  oil  of  vitriol  and 
4  ToL  water,  is  resolved,  with  evolution  of  ammonia,  into  amorphous  sogar  and  a  second 
body  not  yet  isolated.    Perhaps  in  this  manner : 

(WH'K)"  +  2H«0  «  C^'«0«  +  (?NJrO».    (Stadeler.) 

Hi0  angar  is  fermentable,  and  reduces  cnpric  tartrate.  (Berthelot,  Compt  rend,  zlvii. 
230.) 

Oolo^fntkm  is  resolved  by  boiling  with  dilute  adds  into  colocynthein  and  sugar  *. 

C»«H^O«  +  2HK)  -  C"H«*0'"  +   2C^'»0«.    (Wait) 
QmmUarin  is  decomposed  in  like  manner  into  convallaretin  and  sugar: 

2CP*H«0"   +   2H«0  -  2C»H«0«  +   2C«H«K)«.(Wals.) 
QmvaUamariH  yields  under  the  same  eircumstances  oonvallamaretin  and  sugar: 

C««H"0»  -  C»H*0»  +   iC«H'»0«  +  RH).    (Wait) 
Convolwlin  is  resolved  by  sulphuric  or  alcoholic  hydrochloric  add,  with  assumption 
of  11  at  water,  into  convolvulinoliu  acid  and  sogar: 

2C*'H*»0"  +  IIH^O     -     C"H»H)'  +  60H'K)«. 

ConvolvuUo.  CoDToWulinolic       Glucose, 

acid. 

Convolfndin-sugar.  —  Wlien  Kayser  (Ann.  Ch.  Pharm.  IL  98)  decomposed 
eooTolTulin  by  passing  hydrochloric  add  gas  into  the  alcoholic  solution,  and  after 
leaving  the  mixture  to  itself  for  ten  days,  extracted  the  resultins  convolvulinol  witli 
ether,  there  remained  an  acid  liquid,  which  was  neutraUsed  with  carbonate  of  lead, 
filtered  and  evaporated.  From  the  residue,  absolute  alcohol  extracted  a  sticky, 
translncttit,  sweetish  mass,  which  reduced  cupric  oxide,  yielded  crystals  when  brouglit 
into  contact  ^th  common  salt,  fermented  with  yeast,  and  exhaled  the  odour  of  sugar 
when  burnt  on  platinum- foil.  Mayer,  aft4>r  decomposing  convolvulic  acid  with  dilute 
solpburic  add,  and  removing  the  convolvulinol,  saturated  the  liquid  with  carbonate  of 
lead ;  treated  the  filtrate  with  sulphuretted  hydjrogen  ;  evaporated  it  to  ^ ;  remov<>d  the 
sqianted  conrolvulin  by  agitation  with  ether;  evapoiuted further;  and tlius  obtained  a 
blown  sweetish  syrup,  which  behaved  like  grape-smgar  when  bumt^  also  with  an 
alkaline  cupric  solution,  with  bile,  with  sulphuric  adC  with  water,  and  with  alcohol 
whether  aqueous  or  absolute,  but  did  not  form  a  crystalline  compound  with  common 
salty  and  could  not  itself  be  made  to  cr}'8taUi8e.  This  syrup  mixitd  in  ulcoholie 
solution  with  an  alcoholic  solution  of  baryta  not  in  excess,  formed  a  predpitate  oom- 
powd  like  monoglucosate  of  barium  (p.  862).   (Mayer,  Ann.  Ch.  Pharm.  IxxxiiL  138.) 

Ondn  is  resolved  by  dilute  acids  into  crocetin  and  crocin-sugar : 

2C»H«*0»  +  6H'0    =    C«n«0"  +  4C«H"0«. 

Oncin'tvgar,  obtained  by  decompodng  crocin  in  the  manner  described  above,  is 
easily  crystallisable,  sweet,  and  reduces  from  potassio-cupric  tartrate  half  as  much 
oprooa  oxide  as  deztro-glucose.  (Boehleder  and  L.  Mayer,  Wieu.  Akad.  Dcr. 
zxix.  8.) 

C^damin  solidifies  when  heated  with  aqueous  hydrochloric  add,  with  formation  of 
•agar  and  separation  of  a  second  product.    (De  Luca.) 

DopAntn  is  resolved  by  boiling  with  dilute  adds,  into  daphnetin  and  sugar : 

C«»H»«0»»  +  2H«0    -    C'»H"0»  +  2C«H"0«.    (Zwcnger.) 

Daiiscin,  treated  in  the  same  manner,  yields  datiscetin  and  sugar : 

C-'H«0"    -    C'»H»0«  +  C«H««0-.    (Stenhouse.) 

The  sugar  is  obtained  by  evaporation,  after  removal  of  the  datiscetin  and  the  sul- 
phuric add,  as  a  sweet  syrup,  which  solidifies  in  the  semi-crystalline  form  after  stand- 
ing for  some  time,  and  induces potassio-cupric tartrate  at  100° C.  (Stenhouse,  Ann. 
Ch.Pharm.  xcviii.  171.) 
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tnigar.  Or  tho  iepBmtion  \9  eWeH^A  at  m«in  traiperuttirv,  and  in  nrpwnre  «if  w%tfT, 
by  nitrogpnouB  ml'itttnees  occurring  fither  io  the  sam*  pljinTj*  a»  the  g)ucoBii]es,or  ia 
others.  Emukm  deoompoBe*  arayciUlin  and  matiy  other  glucof«jd.*s  ;  TnyroBiA  d*«mi- 
posea  myronie  acid ;  erythroaym  decompoHPs  riibinn.  Some  gluoosides  arw  HkewiM 
d«?ompo»«i  l>y  yenst  and  by  saliva.  Tho  product*  of  the  dAootnposition  air  often  far- 
ther aUered  by  the  action  of  the  air  or  of  thr  acid  employpti 

For  the  separation  of  the  deooinpowtion-products  of  the  ^locorides,  Rochl^w 
givra  the  fbllowing  method.  The  mbstenoe,  contained  in  aflaak,  la  treated  with  dilate 
hydrochloric  acid,  the  flewk  being  connected,  on  the  one  side  with  a  carbonic  arid  «p|W 
r^tua,  on  the  other  with  a" Liebig's  condensing  tube.  The  air  contained  in  the  flaak  i»  <fe- 
pljiced  by  carbonic  anhydlride,  and  the  flask  is  heated  in  the  wat«r-bath,  or,  if  neeeMwy, 
in  a  cbloride-of-calciam  bath.  As  soon  an  the  decomposition  ia  complete,  the  ooDtnli 
of  the  flatik  are  left  to  cool  in  a  stream  of  carbonic  anhydride ;  any  prodact  that  nay  I 
separated  oat  is  collected ;  and  the  filtrate  containing  the  sugar,  hydrochloric  acid, 
sometimes  othpr  soluble  products  of  the  decomposition,  is  mixed  with  pure  cartr 
of  lead,  the  addition  of  which  is  contiaaed  as  long  as  efferrescenoe  ensnee,  after  i 
it  is  washed,  and  white  lead  (prepared  by  precipitating  basic  sretate  of  lead  with  cw- 
bonie  •cid.  and  washing")  is  added,  whereby  basic  blonde  of  lead  ia  ppedpittfirf. 
Tha  precipitate  is  collected  on  a  filter  and  carefally  washed ;  and  moist  phospbafe  at 
filrer  is  added  to  the  filtrate  as  long  as  any  reaction  ensues  betwei>n  this  s«!t  and  th« 
dtAsolred  chloride  of  lead,  and  till  the  yellow  colour  of  the  phosphate  of  silTer  reinaiiit 
Ti«ihle.  The  liquid  is  then  filtered  ;  any  silver  that  muy  be  dissolved  in  the  fi!tT»Te  ii 
pr«;ipitat*d  with  a  vsiyMnall  qiuintity  of  white  lead  ;  the  bqnid  is  heated  till  the  whit* 
colour  of  the  prednitate  passes  into  cream-colour,  then  cooled,  flltenHl,  treated  with 
Bulphydric  acio,  and  filtered  again ;  and  the  filtrate  is  evaporated.  ColoorJeos  heh 
then  remains,  in  case  snch  sugar  was  formed  by  the  dcconipisition  of  the  gloccHdel^ 
whilst  tho  second  decomposition-product,  even  if  originally  soluble  is  water,  is  gtor- 
lulW  rendered  insoluKio  by  the  white  lead. 

Thft  distilled  liquid  obtained  by  heating  a  glncoaide  with  hydrochloric  arid,  contaii», 
together  with  hydrochloric  acid,  any  volatile  prodact  that  may  hare  been  formed  m 
the  decomposition.  It  is  neutraliaed  with  baryta  or  carbonate  of  barium,  he•t^i  tc 
dfcompose  acid  carbonatei  of  banum,  and  concentrated  by  evaporation  ;  the  greatnptil 
of  the  chloride  of  barium  is  removed  by  crystallisation,  the  rest  by  Bulphate  of  alter: 
and  the  filtiate  is  further  examined. 

The  foUowing  enumeration  of  glucosidea  and  their  modea  of  deoompontum  is  taka 
from  Gnulin'a  Handfiook,  iv.  p.  341. 

Ae^culin  is  resolved  by  heating  with  dilute  aeids,  into  saculetlD  and  srngar: 

C»"H«0«  +   3H'0   -   C*H«0'  +   2C'H"0«.    (Eochleder  and  Schwartz) 

Zwenger  and  Delffs  give  other  formnlr. 

The  sugar  forms  crystals,  which  melt  at  100°  C,  are  sweeter  than  grape-aogu;  I 
like  that  sabstance,  redac«  potassio-cuprie  tartrate.    It  is  fermexitable, 

Amwdalin,  in  contact  with  emulaia  and  water,  ia  resolved  into  sttgar,  bitter  aln 
oil,  and  hydrocyanic  acid : 

C»NH«0'«   +   2HK>  =  2C«H'»0»  -i-   CrH*0   +   CNH 

{Liebig  and  Wohler,  1S37).     The  sugar  thus  produced  is  identical  io  ereiy  i 
with  deitroglucose.     (0.  Schmidt.) 

Apiin,  boiled  with  dilnt«  acids,  is  decomposed,  with  separation  of  floeka.  The  J 
trate  freed  from  add  leaves,  on  evaporation,  a  sweetish  symp,  which,  when  boiirO 
with  potassio-CBpric  tartrate,  sepnrates  cuprous  oxide,  but  does  not  give  off  the  odosr 
of  caramel  when  burnt,  dwa  not  ferment  in  contact  with  yeast,  cannot  be  ou ' 
eiTstailise,  and  dissolves  but  partially  in  alcohol,  with  separation  of  yellow  i 
VoQ  Pknta  and  Wallace  cannot  see  in  these  results  any  eridenee  of  ( 
and  therefore  do  not  regard  apiin  as  aglncoside. 

Arbutin  boiled  with  dilute  aoids,  or  in  contact  with  emnlsin,  is  reaolTvd  into  hy 
quinone  (Kawalier's  arctuvin)  and  grape-sugar  (Kawalier): 

C«H'«0'  +  H*0  =  C*H*0«  +  C«H"0*.  (Strecker.) 
The  sngar  forms  crystals  which  exhibit  the  propf^rties  of  gnipe-sugar,  and  whe. 
dried  at  100^  C„  or  in  vacuo,  contain  3664  per  cent,  carbon,  T'Od  hydrogen,  and  56'Sl 
oxygen,  corresponding  to  the  formula  C*H'*0*.HK).  (Kawalier,  Wien.  Akad. 
B«r.  is.  293.) 

Arrjlcin  (C"H"n^  or  C"H»^»)  is  decomposed  by  heating  with  dilute  acids,  with 
■enaration  of  dark  flocks  and  formation  of  a  subsliince  which  reduces  capnc  oxide. 
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^ntoAeliein  is  rasolved,  by  boiling  with  dilote  acidii  or  aqneons  alkalis  (not  by 
MBqlnn),  into  benaoie  add,  salicylous  add,  and  grape-sugar : 

C"H«K)«  +  2H*0  -  (rH«0»  +   CrH«0»  +   C^'«0«.    (Pirisu) 

Btyomm  is  reoolTed  by  boiling  with  dilate  adds,  into  biyoretin,  hydrobryotin,  and 
■ogir: 

C3«H"0"  +   2HK)  -  C«H»»0'  +  C"H"0«  +  C«H"K)«.    (Wala.) 

Caimein  (C"H*^')  is  resolTed  in  like  manner,  into  diioooccaic  add  and  sngar. 
(Boehleder  and  Hlasiwets.) 

(Jkitin,  boiled  for  twelve  honrs  or  longer  with  a  mixtnre  of  1  toL  oil  of  vitriol  and 
4  ToL  water,  is  resolved,  with  evolution  of  ammonia,  into  amorphous  sogar  and  a  second 
body  not  yet  isolated.    Perhaps  in  this  manner : 

C"NH'»0«  +  2H«0  -  Cm*Hy  +  CFNWO*.    (StSdeler.) 

The  sugar  isfSermentable^  and  rednoea  cupiic  tartrate.  (Berthelot^  Compt  rend.  zlviL 
230.) 

Oolo^ftUkin  is  resolved  by  boiling  with  dilute  adds  into  colocynthein  and  sugar: 

C»«H'*0"  +  2H«0  -  C*«H^««  +   2C«H"0«.    (Walt) 
ConmiUarm  is  decomposed  in  like  manner  into  convallaretin  and  sugar : 

2<?«H«0"   +  2HH)  =  2CPH-0*  +  2CH»0«.(WaU) 
ConvaUamarin  yields  under  the  same  drenmstances  oravallamaretin  and  sugar : 

C«H"0"  -  C«»H"0*  +   iCWKf  +  HK).    (Wals.) 
ConvotmUin  is  rMolved  by  sulphuric  or  alcoholic  hydroobloric  add,  with  assumption 
of  11  at  water,  into  eonvolvulinolic  acid  and  sugar: 

2C"H-0'«  +  UHK)     -     C"H»^'  +  6C^"0«. 
ConvolvoUn.  ConToWulloolie       OIuoom. 

add. 

Qmvolfndin-auffar.  —  When  Kayser  (Ann.  Ch.  Pharm.  IL  98)  decomposed 
eoDVolvulin  by  passing  hydrochloric  add  gas  into  the  alcoholic  solution,  and  after 
leaving  the  mixture  to  itself  for  ten  days,  extracted  the  resultiiu;  oonvolvulinol  with 
tthtx,  there  remained  an  add  liquid,  which  was  neutralised  with  carbonate  of  lead, 
filtered  and  evaporated.  From  the  residue,  absolute  alcohol  extracted  a  sticky, 
tnaslueect,  sweetish  mass,  which  reduced  cupric  oxide,  yielded  crystals  when  brought 
into  ooirtact  %ith  common  salt,  fermented  with  yeast,  and  exhaled  the  odour  of  sugar 
when  burnt  on  platinum-foiL  Mayer,  after  decomposing  convolvulic  acid  with  dilute 
•nlpburic  add,  and  removing  the  oonvolvulinol,  saturated  the  liouid  with  carbonate  of 
lead ;  treated  the  filtrate  with  sulphuretted  hydrogen  ;  evaoorated  it  tu  v^ ;  removed  the 
■qiarated  oonvolvulin  by  a^tation  with  ether;  evapomted  further;  and  than  obtained  a 
brown  sweetish  syrup,  which  behaved  like  grape-sugar  when  burnt,  aim  with  aa 
alkah'ne  cuprio  solution,  with  bile,  with  sulphuric  add,  with  water,  and  with  alcohol 
whether  aqueous  or  absolute,  but  did  not  form  a  crystalline  compound  with  common 
aalt,  and  could  not  itstJf  be  made  to  crystallise.  This  syrup  mix«d  in  alcoholic 
•olntion  with  an  alcoholic  solution  of  baryta  not  in  excess,  formed  apredpitate  com- 
posed like  monoglucosate  of  barium  (p.  862).   (Mayer,  Ann.  Ch.  Pharm.  IxxxiiL  138.) 

Ckvein  is  resolved  by  dilute  adds  into  crocetin  and  crocin-sugar : 

2C^*K)'»  +  6TP0  -  c»*n-o"  +  4C«n'»o«. 

Onein-tvgar,  obtained  by  decomposing  crodn  in  the  manner  described  above,  is 
easily  erystallisable,  sweet,  and  reduces  from  potaseio-cupric  tartrat«  half  as  much 
capons  oxide  as  dextro-glucose.  (Boehleder  and  L.  Mayer,  Wien.  Akad.  iter, 
vox.  6.) 

Cydamin  solidifies  when  heated  with  aqueous  hydrochloric  acid,  with  formation  of 
•agar  and  separation  of  a  second  product,    (D  e  L  u  c  a. ) 

Dapknin  is  resolved  by  boiling  with  dilute  acids,  into  daphnetin  and  sugar : 

C»in«0'«  +  2H«0    -    C"H"0»  +  2C«H'«0«.    (Zwenger.) 
Datiscin,  treated  in  the  same  manner,  yields  datisretin  and  sugar : 
C-'H«0'*    -    C'»H'«0«  +  C*H'*0«.    (St  en  ho  use.) 

The  sugar  is  obtained  by  evaporation,  after  removal  of  the  <lati.«<oetin  and  the  sul- 
phnric  add,  as  a  sweet  syrup,  which  solidifies  in  the  semi-crystalline  form  after  stand' 
ing  for  some  time,  and  reduces potassio-cupric tartrate  at  100° C.  (Htonhousc,  Ann. 
Ch.  Pharm.  xcviii.  171.) 

3k2 


968  GLUCOStDEa 

Wall's  Diffitafin  is  rrsolred  by  boiling  with  dilute  sMhmie  mad,  hi/to  dtgitalintii^ 
pandigitaletin  and  m^;ar.  Wals  aapposes  the  icmuob  to  onHUt  of  two  at^fn: 
a.  Beaolation  of  digttalm  into  digitaletin  and  sugar : 

C-H«0'«  +  HK)    -    C«H«H)«  +  O^H«K)«. 

&  Farther  decompodition  of  the  ^taletin,  partly,  with  ahstnetMO  of  S  sL  B)^,iil9 
paradigitaletin,  partly  into  digitaUratan  and  sugar: 

Wall's  digitaletin  decomposed  by  dilute  adds  yields  the  prodoett  thof  wneatimtd 
(Wals,  DelffsX  Eosmann's  digitalin  and  digiiaiic  aad,  which  dilRv  ftom  WaVs 
componnd  in  composition  and  properties,  are  resolved  l^  dilute  aoda  into  dlgi- 
taliretin  (which  however  is  not  the  same  as  Wale's)  and  sogar.  Deewiipnsitioa  of 
digitiJin: 

C«H*0«»  +  4H«0    -    C»H»0»  +  4C^»«0«.    (Eosmana.) 

Eitxanthic  acid  rC"H**0")  is,  aoemding  to  W.  Schmidt  (Aim.  Oh.  Fhan.  aem, 
88),  ft  ^lucoside,  which  is  deoxaposed  \n  snlphnrie  add  into  enxanthone  and  s^pr. 
According  to  Erdmann,  the  products  formed  in  this  reactitm  are  enxandiooe  aad 
hiimuthionic  acid  (lead  salt  -  C^*irO^\80^.ZPbO)\  on  the  other  hand,  eozaothieaeid 
decomposed  by  heat  yields  eozanthone,  CH'K)',  carbonic  anhydride,  uid  water.  The 
latter  decomposition,  as  weU  as  the  formnls  of  enxanthie  add  and  eoxanthone,  ii 
inconsistent  with  Schmidt's  supposition ;  nevertheless,  ETdmann's  hamathiome  acid 
bears  some  resemblance  to  snlphamidonie  add  and  other  oomponnds  of  like  natata. 
(Krant.) 

Fraxin,  heated  with  adds,  yields  fraxetin  and  ciystaUisable  siigu: 

C*H»0"  +  8H«0    -    C«»H'H)»  +  2CH'»0».    (Rochledor.) 

Gallotannie  acid  is  resolved  by  boiling  with  adds  into  gallic  add  and  glooosc ; 
C"H«0«»  +  4HK)    =    SC'HK)*  +  C«H"0«.    (Strecker.) 

The  somr  exhibits  the  reactions  and  composition  of  dextrog^ooose.  (8treck«; 
Ann.  Ch.  Pharm.  xc  881.) 

By  heating  60  grms.  gallotannie  add  with  60  gnns.  oil  of  vitriol  and  450  gms.  wit«r 
to  90^  C.  fbr  three  days,  and  filtering  off  the  gaUic  add,  a  blade  sacchanne  eolation  ii 
obtained  which  when  nentnlised  wiUi  carbonate  of  lead,  mixed  with  a  slight  eaeeas  of 
neutral  acetate  of  lead,  concentrated,  fi«ed  from  lead  by  sulphuretted  hydrogen,  sad 
decolorised  by  animal  charcoal,  agrees  perfectly  with  grape-sugar  in  rotatorr  pown;  la- 
mentation, and  reaction  with  potaano-enprie  tartrate.  (Buignet,  Ann.  CL  Phya  [I] 
Ixi.  287.) 

The  iodine-compound  of  a  tannin  ooeurring  in  sweet  ftnits  is  likewise  Aeeompimi, 
with  formation  of  dextart^ucoee,  by  boiling  with  dilate  snlphnrie  add.     (Buignet) 

Gelatin. — When  isinglass  is  boiled  for  some  davs  with  dilute  snlphnrie  add,  sn^Aats 
of  ammonia  is  formed  together  with  a  fennentsble  sugar  ^Gerhardt,  TVaHi  iv.  M9)l 
Hyalin-cartilage  and  ribncartilaffe,  boiled  with  hydro<Monc  add,  yield  large  quantitiBi 
of  glucose.    (Fischer  and  Bodeker,  Ann.  Ch.  Pharm.  exvii.  111.) 

Gfobuiarin^  boiled  with  dilute  sulphuric  add,  yields  (^bularrtin  (part  of  wUek 
changes  into  paraglobularetin)  and  sugar: 

C»H«0»    =.    2(rH"0«  +  Cm}K>:    (Wala.) 
Glyeyrrhiein  is  resolved,  when  its  aqueous  solution  is  boiled  with  hydndilorie  ad4 
into  glycyrretin  and  glucose.    Perhaps  in  this  manner : 

(P*WO*+  HK)  -  C'»H"0«  +  C^»«0«.    (Oornp-Besanei.) 

Gratiolin  is  resolved  by  boiling  with  dilute  sulphuric  add  into  gratioletiii,  gratis* 
taretin,  and  sogar : 

2C»H"0»    =    C"H»K)»  +  C"H»0«  +  <>H««0«.    (Wals.) 
GnUoletin.       GndoUredn. 

GrtUiotolin  in  contact  with  aqueous  adds  or  alkalis  is  resolved  into  gratiosoletin  and 
sugar: 

2C*«H»»0«  -  2C*H"0"  +  2(?H»«0«  +  4H«0. 
The  gratiotoUtin  thus  formed  is  further  resolved  by  boiling  into  hydragiatiosolavtii 

snd  sugar : 

2C"H*0»»  a  2C"H»K)"  +  2CW0*. 

Part  of  the  hydrc^atiosoleretin  is  fiurther  converted,  with  itliw^imtion  of  S  at  vatK 

into  gratiosolcrotin,  C*'H*»0«.    (Wala.) 

,    HeUanthic  ot/rf.— This  name  is  applied  by  Ludwig  and  Kromayer  (N.  Br.  ArA 
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xrix.  1,  285)  to  a  Bnbstance  obtained  from  thew«d  of  the  naAamtr{Htfianthtu  annu»\ 
which  in  in<»olub]o  in  cold  wat«r  and  in  aJcohol,  Dot  frrmcDtabl^,  «od  HidaoM  poUMU^ 
cupric  tartrate  mily  after  boiling  with  acidB. 

Hflicim  hratcd  witb  acids  or  alkalLs.  or  ia  oonUct  with  emuklo  or  yeaat,  ia  reeolTcd 
into  salicjlooi  add  and  dextroglnooae : 

CiiH'«0'  +   2fl»0    -    C^«0«  +   OH'»0«.    (Piria.) 

Cht4}rkeUein  (CH'^CIO*)  exhibits  a  nniilar  reaction,  j'ieldijig,  however,  eblov^ 
•alicyloua  iiutead  of  solicyloos  acid.    (Piria.) 

Helicoidin  is  resolved  Iby  i>malsin  into  saligvnin,  salicyloiu  add,  asdghieoMt 
C*H»*0»   +2H»0    •    C'IPO«   +   CH«0«  +    2C«H»K)*.    (Piria.) 

Indicon  b  renolred  by  adds  or  alkalis,  indicanin  by  adda,  iato  iodigludo  and  other 
prodactfl  (SchunckX    f^  ItmicAn, 

Jalappm  in  contaict  with  dilute  mineral  acids  ia  reaolved  into  jalappiool  and  sugar: 
C*H"*0"   +    IIHH)    =    C«H«0'   +    6C«H"0«. 

Jalappic  acid,  which  contains  3  at.  water  more,  ia  decomposed  in  like  manner,  witk 
aaaumption  of  8  at  water.     (W.  Mayer.) 

The  LycopcHlium-ifitUr  of  Kainp  and  Bodeker  redu^et  pota»8io-cupric  tartrat^^  aft«r 
boiling  with  dilate  adds,  but  not  in  ita  niudtered  state,  aod  alioold  thewfore  perhaps 
be  re^irded  as  a  glucoeide. 

Mmvantkin^  boiU^with  dilate  BTdphun(>  a<<id.  ia  resolved  into  togar  and  an  oQ  whiok 
naella  like  bitter  almonda.    (Lodwig,  N.  Br.  Arch,  oriii.  84.) 

M^ronatt  of  jaotatnwn.  ia  deeonposed  in  contact  with  myroayu  and  water,  yielding 
oil  of  miutard,  sugnr,  and  other  products  (Ludwig  aod  LaDg^  Z4<it»ehr.  Cli. 
Pharm.  iiL  677}.  The  formnla  C^yH^*S*(fi\KO  (-  C*IiH*S*  *  KO.S^O*  + 
C**H**&*)  given  by  Lndwig  and  Lange,  is,  B«x>rding  to  Will  and  Korner^Ann. 
Pharm.  c»ix.  876),  more  correctly  C^NH*'fCS'(J^,  and  eontHiuH  the  ekmeuts 
of  oil  of  muBtani,  C*yH*S\  glucnse,  O*Ji^*0*\  and  add  anlphale  oi  poUMittm, 
8*KH(f.  Lutlwig  and  Lange  a^  found  sulphate  of  potaaaiom  among  the  producta  of 
the  reaction,  but  no  smlphite. 

Ononin  is  roaolrvd  by  boiling  with  dilate  adds,  mto  foRDonetin  and  glacoso  (Hla* 

Onotfin  is  resolved  under  aimilarciroumBtances  into  ononetia  aad  sttgar(niaaiwets): 
C»R»^0'*    -    C**H"0*  +  C*H'*0*. 
8uch  ia  the  view  of  the  reaction    pven  by  Limprieht  {Gronilr.  d.  org.  Chcm. 
Brenniichw.  1854,  680.)     For  Hhunwcta'a  fonnnhe,  aea  FouiaxBTiK  (p.  G06)  and 
Onohow. 

The  sugar  formed  from  onodn  and  onospin  by  the  action  of  dUute  sulphuric  acid; 
remains  in  aolutloa  after  the  second  product  of  the  dccompo«i(ion  has  been  removed  by 
filtr.itioQ,  the  Bulpburic  arid  by  earbonate  of  lead,  and  the  esceas  of  lead  by  sulpha* 
ri-tted  liydrogen,  and  is  oblain»>d  by  evaporation  as  a  very  sweet  ffennentabte  syrup, 
is  which  granular  crystals  form  after  a  few  days.  Tbeae  crntab  melt  at  the  heat  of 
the  wuter-bath  to  a  vi»dd  nyrup  which  remain!!  soft  after  a  day's  drying,  and  exhibit* 
all  the  roactiona  of  gnpe-sugnr.     (Hlseiweta,  Wiea.  Akad.  Ber.  xv.  lo3.) 

Parif/ypAiMn  boiled  with  dilute  anlphuric  acid  is  resolved  into  paridin  and  sugar: 

The  paridin  thus  produced  is  resoired  by  boiling  with  a  larger  quankiky  of  diloV* 
BdJphuric  add  into  panMol  aik<l  yugitr: 

C«H"0'*  +  n*0  »  C»*H«0»  +  C-H'K)».    (Wala.) 

rhillyrin  is  resolved,  by  boiling  with  dilute  hydrochloric  acid,  into  plitHygetiui  and 
snpir ;  by  lactoua  fermentation  into  phillygenio  and  the  products  of  the  daoompodtioa 
of  sugar : 

C"H"0"  +  H»0  »  C"R'*0*  ^   C«H"0*,    (Bertagnini,) 
From  the   solution   freed  from   philygenin   aad  hvdrochloric   acid   by   mrbonate  af 
lead,  the  sugar  cryBtalliaca,   after  evuporutiou   and   rt^-M^lutiun  in  alcohol,  in  worty 
muaei^,  exhibiting  the  properties  of  grape-sugar.     (Bertagnini,  Ann. Ch.  PhaxBi. 
zdi.  110.) 

Phlorkisin  ia  decomposed  by  dilute  adds,  not  by  emnlsb,  yielding  pUoretio  aai 
augar  (Stas): 

C«H*0*  +  H»0  «  C"H"0*  +  C*H"0».    (Strscker.) 
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PhU/rctin  boil«d  wiUi  bQudis  is  resolved  into  pUoretic  acid  and  phLoro^acin  : 
C'»H"0»  +  ff'O     -     C»H'»0»  +  C*H*0».    (HUfliwetE.) 


riilorelin. 


Fhlorectc 
acid. 


PtUoroeilucia. 


rhlorhizin-BURar  [s  difficult  to  cryntAlliBe,  and  ezhibita  the  properties  sod 

Btioii  of  crj'stallisablo  grape-sugar  (St as,  Ann.  FIiamL  xxx.  200).     It  redo      

BHine  quantitj  of  cnpnc  oxide  as  dextroglucoae.  (Boaer,  Ann.  Ch.  Pharm.  Ism. 
178.) 

Pinifierin  splits  up  into  eridnol  and  sngar  when  its  aqueous  Bolution  is  hested  vitk 
adds: 

C«H»K)"   +   2HK)   -  CH'^O   +   2CTI'--0«.    (Kawalier.) 

ErkoUn  treated  with  dilute  acids  yields  the  same  products  in  other  propordaos: 

C«H"«0«  +   9H»0  -  C»H"0»  +   8(?H"0«.  (Rochleder  and  Schwart) 

The  sugHT  produced  from  pinipicrin  is  rendered  uncry stall iaable  by  the  foreiKO  sab- 
stances  contained  in  it ;  at  loy^  C.  it  becomes  soft ;  at  common  temperatnre  it  is  solid 
and  brittle,  and  is  easily  ffHiucod  to  a  yellowish  powder  containing  2  per  (  "       " 

■tTtor  deduction  of  Uiis,  3906   per  cenL  C,    6-62   H.  and  54*32   O,    c 
approximately  to  the  fornmla  CH'H)*.     (Kawalier,  Wit-n.  Akad.  Ber.  xL  ; 

Po/iWtM.  when  boiled  with  dilute  adds,  splits  up  into  benzoic  acid,  saliretin 
glucose  (Piria): 

C»H«0»  +  H»0  -  C»H"0«  +  C»H»0  >  CT'H'K)*. 

Prophetin  is  decomposed,  by  boiling  with  hydrochloric  acid,  into  propberelia  / 
sugar: 

C»W*0'  =  C«H»0*  +   iC?«H'»0».    (Wall.) 

QiuTcitnn  is  decomposed  by  dilute  uulphnric  acid  into  qneroetin  and  que^eitrio^ 
(Rigaud): 

0"H«H)*  +  2HK)  -  C'H'-O**  +  2<>H«0*.     (Hlasiwetz.) 

Qiurtvtin  is  farther  diwompospd  by  boiling  with  potash-ley  into  quercetic  add  tad 
pbloirkglucin  (Hlasivetz).  The  sume  products  are  obtained,  bat  in  diifcirent  prO' 
portions  by  the  decomposition  of  Afpha^quercetin : 

C"H»0"  +  2H»0  -  C"H"0«  +  2C«H*0«.    (HUsiwets.) 

Quereitrin-tugar  is  obtained  as  a  light-yellow  syrup,  which  solidifies  in  a  i 
matm  on  standiag  for  a  few  days  over  eulphuric  add,  by  filtering  off  the  qnenttia, 
iu<pariiting  the  Hulphuric  add  by  carbonate  of  barium,  evaporating  on  the  vster-bcUi, 
df^LHilarising  with  animnl  charcoal,  and  again  evaporating.  It  has  a  sweeter  tiats  das 
dextroglucoae,  and  does  not  rotate  the  plane  of  polarisation.  Dried  in  racuo.  itcoBtaiss 
34-78  per  cent  C.  7-24  H,  and  67 "SS  O,  corresponding  to  the  fonoula.  C«H»'O".3H»0 
(cttlt:  34*85  pt-r  cent.  C,  7"47  H).  When  warmed  with  potaatuo-capric  tartnte,  i 
immediately  reduces  the  futme  quantity  of  cuprous  oxide  as  would  be  z«daced  bj  da- 
troglut'ose.     (Rigaud,  Ann.  Ch.  Pbiirm.  xe  195.) 

Qmnovin  is  resolved  by  alcoholic  hydrochloric  add  into  quinovic  acid  and  qniaoru- 
sugar: 

C"H*»0"  +  H*0    =    C«H»0«  +  C*H>*0».     (HlasiwetE.) 

(^tktoviU'Ktgar  is  obtained  from  the  alcohol  eontjvining  hydroi^hlonc  add  after  feps- 
ration  of  the  quinovic  acid,  either  by  Rochledtirs  method  (p.  866),  or  as*  follows :— The 
L'quid  is  neutrnlised  with  anhydrous  carbonate  nf  sodium  (or  carbonate  of  lead),  and  fil- 
tered; the  predpitiitewnshwi  with  a  smaHqnantity  of  strong  alcohol;  the  alcohol  distilhid 
otf ;  and  tno  n>iniiiniug  liquid  evaporated  to  drynAM  over  the  water-bath.  The  thki 
residue  is  dissolved  in  water,  the  solution  filtered  from  the  undissolved  portion  i>  ers- 
pornttid,  and  the  residue  is  dipestetl  in  absolute  alcohol  Th©  alcoholic  solntioB  wben 
evsprtrated  leaves  the  quinovm-sugar,  to  he  puriied,  if  neeessaiy,  by  ro  ■olatioa  sad 
dpcoloratiun  with  animuJ  diurcoid.  It  is  an  amorphous,  solid,  deliquesceot  BH^ 
hArin;j;  a  ftiint,  somewhat  bitter  tiiste  ;  it  gives  off  water  when  continoocudy  heattd 
over  the  wuttJT-batk  Dried  at  KJO*'  C,  it  contains 4334  p«r  cent,  carbon,  772  bydrogrt, 
sod  48l>4  QXY^n,  answering  to  the  formula  C*H"0*.  It  is  isomeric  or  identical  with 
mannitaja ;  sniuells  like  caramel  when  heated ;  reduces  potasaio-cupric  tartrate  only  is 
concentrated  solution;  dissolves  completely  in  olcohoL  (Hlasiwets^  Ann  CL 
Phann.  ciL  118.) 

QHinomian'Hk  acid  if  rosed  vpd,  by  lioiling  with  dilute  sulphuric  acid,  into  qa 
red,  and  a  substance  which  Ijebaves  with  cupnc  sulphate  and  pctsah-ley  like  { 
sugar.     (Hlnsiwetz.) 
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Schosk's  Bubianie  aeid  eplits  up  into  aliuna  ud  nigar  when  boiled  with  dibla 
■ulphttric  Bcid,  or  with  aqueous  alkalis,  or  by  contact  with  water  and  enrthncym. 
<f*It-*(J^ ■*.  5H0  -  -lO^IPO*  +  2C*-H'0".—Roc\iMt<f»Rub«r^tkrieaeid,  C»H*'0^ 
or  C^IP'O^,  perhaps  ideaticid  with  the  last  (rulwt&nce,  yipldii  the  sune  prodacta  wh«n 
lieated  with  hydrocliJoric  acid.  CH**0**  =  iC'IfO'  +  C'^H'*0»  *  iOHO,  m  O^JP'O** 
-  iC'Jl*(^-H}t€'*H'^0"  +  3H0.     (Hochledcr.) 

Iq  the  complicated  decompoaition  of  SehnDck'p  RufnoH  by  the  same  reagents  and  by 
chlorine,  sogiir  ui  obt^iined  together  with  Tarious  oth«r  bodies.  Rubihj/inm  and 
SuhieiUkydrttn  IwhaTe  in  the  same  way.     (Schanck.) 

Saliein  ia  deoomposed  into  saligeoin  and  glucose  bj  contact  with  emolsin: 
C'ff'H*  +  H»0  »  CH»0»  +  CH»0«.    (Piria.) 
The  su^  is  in  ereiy  respect  identical  with  dpjctroglacoae  (Schmidt).     Py  boiling 
with  dilate  acids,  saUretin  is  obtained  in  place  of  siiigenin.    (Piria.) 

Saponin  is  decomposed  into  sapogesin  and  saponin-sngar,  or  glucose  when  boiled 
with  dilute  acids  (Orerbeck,  Bochleder  and  Bchwarz).  St^tffin  (isomeric  with 
saponin,  according  to  Bolley)  yields,  besides  sapogenin,  a  sabat&nco  which  nsductis 
potauio-cupric  tartntt«u    (Bolley.) 

St^omU'tUffar  remainB  in  aulutiun  after  the  sapogenin  has  b««n  filteriMl  off,  the  acid 
remoirad  by  carbonate  or  oxide  of  lead,  and  the  excess  of  lead  by  solpbydric  acid 
and  by  treatment  with  animtd  charcual  and  evuporation  is  obtained  as  a  tasteless, 
yellowish  brown  residue,  easdly  soluble  in  water  (Kochleder  and  Schwars,  Wii-n. 
Akad.  Ber.  xL  33&).  When  saponin  is  decompo«i«d  with  dilute  eulphiirie  acid, 
glucose  remains  in  sulution,  after  removal  of  the  excess  of  acid,  and  may  be  obtained 
cr)-fttallised  by  evaporation.  It  has  a  sweet  taste,  and  reduces  an  alkttlioe  solution  of 
cupric  oxide  in  the  cold  (Overbeck,  N.  Br.  Arch.  IxxviL  135).  Crawford  obtoined 
gum,  but  no  sugar  from  saponin,  by  moans  of  dilute  sulphuric  acid  (Pbarm.  Vicrte^. 
vi  3G 1).  Sapoain-sugar  dried  at  100°  C.  contains,  according  to  Rochleder  and  Schwan, 
41  99  per  cent.  C,  6o5  H,  and  SI  46  0,  oorreaponding  to  the  formula  CH^O". 

Scam,nont/  rrtin  (^C"H»«0")  and  Scammonic  add  (C'H-O'^.jH'O)  split  up  into 
seammonolic  acid  and  sugar  when  boiled  with  dilute  acids  (or  with  baryta- water)  : 

C*<H-0''  +  6H^  -  C"H*0»  +  3{>H'*0«. 

Like  jalappin  (p.  S69),  therefore,  but  with  this  difference,  that  inst«<ad  of  the  product 
curresponding  to  jidappinol  (wMch  is  eooTerted  by  strong  bases  into  jalappic  acidj  a 
product  containing  1  at  water  less  is  formed.     (Spirgatis.) 

The  sugar  remains  in  solution  after  separation  of  tho  scammonolic  and  sulphurio 
acids,  and  can  be  obtained  in  sweet-tasting  iaminee  grouped  iu  eauliMuwer-like  altapes, 
which  behave  like  glucosie  with  sulphate  of  (*oppc>r  and  potoiih-lfy,  when  heated  and 
when  fermented.     (Spirgatis,  Ann.  Ch.  Pharni.  cxvi.  306.) 

Smiladn  is  slowly  decomposed  when  boiled  with  hydrochlorio  acid,  with  separation 
of  a  jelly  and  formation  of  sugar.     (O.  Gmelin,  Delffs,  Wals.) 

Soianin  boiled  with  dilute  acids  splits  up  into  solanidin  and  glucose: 
C^H'^"  +  3H*0  =  C"NH-0  +  3<?H'«0«.    (Zwenger  and  Kind;  0.  Gmelin.) 

The  sngar  crystallises  well,  and  possesses  the  reactions  and  compositions  of  doxtro- 
glucose  (Zwenger  and  Kind,  Ann.  Ch.  Pharm.  cxviii  U9).  Kotatoty  power  not 
determined. 

I&ujin  ia  decomposed  by  beating  its  alcoholic  solution  with  dilute  adds,  into 
thtiietin  and  sngar : 

C»H«0"  +  2IP0  =  C"H»*0»  +  C^i'O'. 

When  it  is  heated  for  a  shorter  time,  tbiy'inenin.  C'*H"0',  ma^  abo  be  formed  in  pbioe 
of  the  thi^etin.     Tbi^'in  heated  with  baryta- water  yields  thiyetic  acid  and  sugar: 

C«H"0"  +  H»0   =  C»H«0*»  +  2C«H'*0*.    (Rochleder  and  Kawalier.) 

When  thajin  has  be*L  decomposed  by  acids,  the  sugar  remains  in  solution  after 
removal  of  tho  thujctin  and  sulphuric  arid  (by  carbonate  of  barium),  and,  by  ernpon* 
tion  and  drying  at  100°  C>,  is  obtained  as  a  colonrlesa  mass,  which  ia  (^a^^ily  red  need  to 
a  white  powder  when  cold,  and  contains  39-83  per  cent  C,  and  6'81  H,  cnrreepondirg 
to  the  formula  C*I1"0*  ;  if»  aqueous  solution  does  not  crvBtd:U««'  ev^n  after  landing 
for  several  months ;  it  reduces  the  same  quantity  of  cupric  oxide  us  dextrogJaoo^e. 
The  sweet  sugar  of  the  same  coinpoaition  produced  by  the  action  of  baryta-water 
solidifies  (aft^r  the  removal  of  the  baryta  by  dilute  sulphuric  acid,  a(  the  excees  of 
snlphnrie  acid  by  ba«ic  acetate  of  lead,  and  of  the  lead  by  snlphydric  add)  to  a 
crystalline  roaas  when  its  eolation  is  allowed  to  stand  a  short  time  after  eraporatioQ 
OD  the  water-bath.     (Rochleder  and  Kawaltor,  Wicu.  Akad.  Ber.  sxa.  12.) 
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Xanihorkatnnin  la  decomposed  by  IjoiliBg  with  dilate  acids  into  rhamnetin  nad 
•agar: 

C»H»0»  +  3H»0  -  C"H'»0»  +  2C*H"0«.    (Oellatly.) 

oxvcoBOornxo  Acr».     C-H*^--  -   2J^^',j^[o*.4C^K)'^H»0  T 

C*H"0*  +  6C*K'0'  -  211-0.  (?) — ^The  calcimii.Ba]t  of  this  acid,  prapared  in  a  nmiUf 
wiannertolhitt  of  glueosotartaric  neid  (webcbw)  appears  to  contain  C*'H*^»'*0**.2HH). 
(JJorthelor.  Ann.  Ch.  Phys.  [3]  liv.  81.) 

OliVCOSOSUCCZmo  AOXD.  A  oiixture  of  cane-sugar  and  soednle  aod  is 
cquivulent  proportions  heated  to  between  120°  and  I3I>°  C.  melts  to  a  brown  tjry^ 
with  elimination  of  water.  The  product  is  an  acid  compound  of  clucose  with  suceiaie 
■''id,  whieh  decomposes  at  100®  C.  with  formation  of  humus,  and  forms  with  lime  a 
piilt  soluble  in  water,  insoluble  in  aloohoL  (Vaa  Bemmelen,  Jahrcsb.  L  Chem.  ISM, 
p.  4atJ.) 

OX.irCOSOSirXiPH1TSZC  ACZS.  Stdpkosacvharic  and.  (?*H*O*S0".  (?) 
(Peligot.  Ann.  Ch.  Phy^.  [i]  li?ii-  168.) — Tu  prtfparo  this  add  1|  pL  strong  t>«iplnine 
ivcid  is  added,  by  dmuU  purtionn.  to  I  pt  of  glucose  meltod  at  thu  hiat  of  ths  water- 
bath,  the  mixtnre  being  continoally  stirred,  and  the  vessel,  if  attcemurj,  ptiuged  nto 
euld  water.  If  the  glucose  is  impuna,  or  the  heat  rises  too  high,  the  product  liewss 
iomewhat  bpown,  which,  however,  does  not  affect  the  pTiritv  of  the  lead-salL  Ills 
Tni.xture,  diffused  in  a  Inrpo  qiwntitv  of  water,  is  saturated  with  carbonate  of  cslacB; 
aoi'tnto  of  barium  is  addi.^  to  the  filtrate  as  long  as  a  precipitnte  of  iulphate  of  bariim 
ie  thereby  prwlaced ;  and  the  liqiiid,  again  filtered,  is  pnx-ipitnted  with  basic  acctatsuf 
lead.  If  the  liquid,  Bftorprtcipitation  with  acetate  of  barium,  still  remains  brown, 
colouring  mnttcr  is  rt>moved  by  a  small  quantity  of  basic  acetate  of  load,  and  tbs 
flalt  is  prauipitated  from  the  Hltnite  by  a  larger  quantity.  The  precipitate,  wai 
ami  decomposud  under  water  witb  sulphydric  acid,  jriulds  aqueotu  gtucoaotnlpknrk  teH 
which  tastes  at  the  i*a:no  time  sour  and  sweet,  reddeuB  litmus,  decomposes  when  evsfU' 
rated  in  vacuo,  and  more  quickly  over  the  water-bath,  into  glucose  and  sulphuric  aeiH, 
nod  forms  sails,  almc*»t  all  of  which  are  solubk'.  The  U  ad-salt  giTei*  by  aoalycii 
18-16  per  cent,  carbon.  2*4  hydrogen,  4-.jO  S0\  and  53-2  to  55-3  PbO,  agreeing  appKixi- 
matdy  with  the  formuk  C»H"»0".SO».4PbO.    (Peligot.) 

(C^7'   > 

CX.VC080TAJtTiL&X0     ACrD.     C"H»0»  ^  3(OH*0*)«*  J  0»»  C«H«0*.HK). 


r,litttyirtratartaric  on'd  (Ilfrt  helot,  Ann.  Ch.  Phys.  [3]  Ut.  78). — ^This  acid  is  pro- 
duifd  by  heating  dfitroglucosc  with  tArtaric  acid  : 

C*H' 0«  +  4t;*H»0»  =.  C«H»0»  +  6H-0, 

It.  nppf-ars  to  eiist  in  gmp«>B  at  the  time  of  ripening.     When  oxprcswrtl  r^►.r.,^.  :„;..„  [^ 
natimiti'd  with  chalk,  llltcre^l.  strongly  Poncentnite<l,  ftlt<'r«l  again,  pr»  'i 

2  vol.  rihxthol,  and  thf  prBcii)itutP  purified  by  washing  with  weak  alcot.  t 

in  Wilier^  and  re-pm:l[Mt4(( ion  with  alcohol,  a  calciam-Balt  is  obtained  which  rr»uii*» 

!K>tnsHio-capric    tartmte  likft   glucosofartrate  of  calcium,   and  is    resolved   by  sridi 
uto  dcxlroglucoee  snd  an  acid  whioh  exhibits  the  choractCTS  of  tartaric  add- 

Prrparation  of  the  cafrium-folt, — ^An  intimate  mixture  of  equal  parts  of  dextn*- 
plii<ti!<t<  juid  tartiiric  acid  is  hca^d  for  a  d.iy  or  two  to  120°  C.  in  an  open  T*ssel; 
I'onhti  mum  i«  tritur«t<vl  with  carboaiito  of  c^tlciiim  and  a  smsll  quantity  of  water, 
the  Itqnid  is  filtm>d.  Tartrate  of  calcium,  with  the  excess  of  carbooHte,  then  mn 
on  the  tiltor,  wliilc  tlie  solntion  contains  the  salt  of  the  new  acid,  tog»'ther  with  ex< 
of  glucose.  Oh  pn'iM"pifrtfin>r  tliis  solution  with  twic*'  its  volume  of  alcohol,  coU«vtii_^ 
ttir«  prmpitsit*',  v.LMlitiig  it  with  ililute  ulcohol,  di.4olving  in  water,  again  precipirariii|! 
vith  silcohni,  ami  r<-p<-ating  the  «Hme  Bi>rieH  of  operations  a  third  time,  the  calcium-!«h 
is  tibtuincd  frfc  frnm  s^ignr.  It  is  dricil  for  a  week  or  fortnight  in  vacuo,  then  oom- 
plft^ly  by  halting  it  to  110°  C. 

Aqttcotts  (jhusnotartaric  acid  is  obtained  by  decomposing  the  calcixun-Balt  with  exnfM 
of  oxalic  acuL 

The  aqueous  solution  of  the  urid  and  of  its  salts  is  prnidually  rosolvwl  by  l>oiJiop  in(<i 
dcxtroglncose  and  tartaric  add.  tluj  dfOomposition  being  accelerated  by  a  small  quan- 
tity of  sulphuric  acid.  Tiip  calcium  nnd  miigncsium-enlts  reduce  potaaaio-ouptic  tsr- 
Inife,     The  acid  is*  not  firmentublo. 

nhirofintartaric  acid  id  t«'rrabiii<ic.  The  salts  still  retain  wnter  at  110«  C  Tlw 
ca/cium-tait,  C^H*-(Ca*)'0'*  +  'ifuj.,  is  a  white  amorphous  pow^'-  -  -'•■■->■  ■-■■-  -  'T 1 1  i 
I""'- cent,  water  at  nO\     The  rmi/H<siiint-saH.  C^ll-^(Mj^')  « 

Krt,  after  drying  in  r*icuo,  26-4  jKjr  cent  water  at  U©^.     1 
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r'«H^(Pb'')*0»  which  ifi  insoluble,  or  l«cvni«f»  ao  during  prepanrtlon,  nnd  C«H««P1>"0*, 
mlii.-li  Is  soluble,  and  after  drvitig^  in  Tacun.  jcivm  off  10*9  \ki  ctaU  water  At  110**. 

O&inB.  An  inspiasattn]  jelly  made  from  the  [Hiring^  of  hiili4  iiud  oth»t  uflkl,  b/ 
boiiiog  thi^m  in  water,  stmioiiig  through  a  wicker  basket,  8uSt;riug  th<*  impuritie*  to 
sobMide,  &nd  then  boiilin^  it  a  aeoond  tiiB«i.  The  article  should  tirst  hn  diiiy*U'd  in 
Ijme-wntor,  to  clsaaae  thpui  from  grejiwj  and  dirt;  then  stpfpeJ  in  wattT,  fetirrinu 
t  hiftii  well  from  time  to  time ;  and  lastly,  laid  in  a  heap  Ui  prnu  out  the  water.  I>crore 
they  ore  put  into  the  boiler.  Some  manufacturers  reoommcud  that  the  water  should 
he  kept  aa  near  as  poesiblo  to  a  boiling  heat,  without  aufferin^  it  to  t^nt^-r  into  ebulli- 
tion. The  glue  i*  poured  into  flat  framee  or  moalda,  cut  into  «qn4re  pivcea  when  con- 
geitled,  and  olterwanld.  dried  in  a  coanc  net.  It  h  said  to  improve  by  age  ;  and  thai 
glue  in  reckoned  the  beat  which  eweLla  considerably  without  dliieolriog,  by  three  or  four 
daya'  iofiuiion  in  cold  water,  and  recovers  ita  former  dimem>iona  and  propeitin  by  dryin|C 

Shreda  or  panngs  of  TeUum,  p»rchiru<nt,  or  white  leather,  make  a  clear  and  almoet 
colourleaa  glue.  (For  th*  details  of  the  manufiicture,  Bee  Urc't  Dictionary  oj  Art*, 
&(>,,  iL  376.) 

O&ITTBSr.  Wheut-flour  made  into  a  paate^  and  washed  with  a  large  quantity  ut 
wafer,  aeparatea  into  three  distinct  substances :—.  vegetable  albumin,  which  it* 
diwolved  by  the  waf^p,  together  with  a  little  sugar  and  dextrin,  and  may  be  separaktl 
fmm  it  by  eraporation  ;  starch,  which  ia  suspended  in  the  fluid,  and  eubaides  tu  th« 
bottom  by  repose ;  and  gluten,  which  remains  in  the  hand,  and  ia  tenadooii,  very 
durtile,  somewhat  elajitic,  and  of  a  light  brown-grey  colour. 

The  glut4»n,  though  it  6ii«bed  before  tlie  washing  in  the  pulverulent  form,  and  baa 
acquired  ita  tennrity  unil  udhfsive  qualitie«»  from  the  water  it  has  imbibed,  is  never- 
theleaa  totally  insoluble  in  this  liquid.  It  has  scarcely  any  taste.  "When  «lry.  it  ia 
•fmitran*i>iin'nt,  and  rewmbles  pine  in  its  roloiir  and  Mppeantoce.  If  it  hv  drawn  out 
thin,  wbfu  first  obtaiuid,  it  triny  I*  dried  by  exposure  to  the  air;  but  if  expotted  to 
wannlh  and  moisture  while  wet^  it  putrefies  like  an  animal  subttiunoe.  I>ri<?d  gluteu 
applied  to  itio  ttatriu  i>f  «  eiujdle,  cnickles,  swells,  and  bums,  exactly  likft  a  feather  or 
pjiH<e  of  h<fm.  Glutrn  alTord^  the  same  products  by  dc^trui'tire  divlillation  as  animal 
malt^'rs.  It  is  eoHily  fliHSolvi-d  by  ean^tic  potash,  and  precipitated  from  the  solution 
by  acids  in  tumid  ^oeka.  Strong  acetic  acid  likewise  dissolve*  it,  and  leaves  it  on 
eMtpomtion  in  tlm  form  of  &  tenacious  mass.  When  digested  in  water  contAining 
rjfes  °^  xho  ^^  hjdr(»t>hlorio  acid,  it  diflPu«e«  itself  through  the  liauid,  gnMlually  dts- 
KOJTes,  ana  on  filtering,  yields  a  clear  liquid  which  turns  the  plane  of  polarisation 
of  a  luminous  ny  to  the  Inff,  and  behaves  with  heat  and  with  reagents  exactly  hke  a 
solution  of  ulbumin.    (Bouchardat,  Compt  rend.  xiv.  962.) 

In  c(>ut;ict  with  water,  gluten  uudet^o«»  gradmil  decomposition,  ffweUiag  up,  and 
giving  off  con>a<J«!rabln  quantities  of  car>Kjnic  anhydride,  hydrogen,  and  stilpnydric 
acid.  At  th»  f(am«  time,  it  softens  and  liquefips,  while  the  water  which  COYcra  it 
jioqnires  an  acid  rwiction,  and  takes  up  leucine,  together  with  phosphate  and  acetate 
of  ammonia,  the  piltiten  nil  the  while  acquiring  a  darfcer  am  darker  colour,  and 
ultimately  dissolving  almost  entirely.  During  these  Bereml  stagee  of  its  tmraforma- 
tioQ,  gluten  possesses  the  power  of  acting  as  a  ferment.  Thus,  if  a  small  quantity  of 
gluten  or  whejit-flour  be  added  to  stareh-piiste  difliiHed  in  water,  and  the  mixture  be 
exposed  for  Bcvend  hours  to  a  temperature  of  61)'*  or  70°  C,  it  liquefies,  becomes  trans- 
parent und  mobile,  and  ultimately  arquires  a  sweet  taste,  the  starch  being  converted 
first  into  dextrin,  and  then  into  glucose. 

Gluten  exliibits  the  same  jwrrentage  composition  as  the  albuminoids;  it  is  not* 
however,  a  simple  proximate  principle,  but,  as  first  shown  by  Taddei  (Giomalefisicft 
di  Bi-ugnateUi,  xiL  360),  may  be  separated  info  two  distinct  substances,  one  soluble 
Rud  tJie  other  insoluble  in  alcohol;  and, according  to  Ritthansen(J.  pr.  Chem.lxxiv. 
133,  384),  the  portion  soluble  in  alcohol  may  be  further  resolved  into  two  sulMtam'ea, 
one  called  mucin  or  vegetable  casvin.  the  other  glutin,  gliadiu  or  vegetabl* 
gelatin-  the  portion  insoluble  in  alcohol  is  adlod  vegetable  fibrin. 

To  se;>urat4'  these  substances,  Bitthansen  proceeds  as  follows: — Freshly  prepare) 
glnt<in,  divided  into  smull  fragmenis,  is  digested  for  several  hours  with  alcohol  of  Su  or 
86  per  rent.  The  alcohol  is  then  hejit«>d  to  boiling,  and  after  half  an  hour  flis 
«npem«tAnt  liquid  is  tilttT«L  or  simply  <U>caijtt)d,  and  the  mass  of  glut«»M  is  again 
heated  several  times  with  boiling  alcohol  of  TA  per  cent.  The  united  alcoliolie  liqnida 
become  turbid  on  cooling,  and  after  half  the  alcohol  has  been  distilled  oS,  thiy 
dopoftit  on  cooling  coneideruble  qunntities  of  flocculent  mucin,  mixed  with  glutiu 
and  faty  and  easily  united  by  agitation. 

To  purily  the  mucin  thus  obtained,  it  must  then  be  dicsolved  in  alcohol  of  50  per  cent, 
and  the  hot  snlutinn  filt>ered  thron^h  calira.  then  left  to  cool,  and  frequently  agitated 
while  the  deposit  is  fonning.  The  .'lear  liquid  then  retains  all  the  glntiii,  t^igetivT  witli 
a  very  small  quantity  of  mucin.     Th^  pr«cipitulcd  niuctn  is  trausparrnl,  ilocculrni*  and 
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digbtly  coloured.    Aft«r  demccation  by  »bealnte  alcohol,  it  becomn  greyish -white, 
granukr,  easy  ia  pulveriae,  and  of  earthy  aspecL 

Mucin  is  soluble  in  boiling  alcohol,  and  in  cold  dilute  seedcadd:  but,  under  e«>rt4io 
cin^amstHneM,  it  becomes  cluing<ed  into  an  insoluble  modification,  BCSKely  distiiigni«b- 
abUi  from  animal  fibrin,  tWi  tninHfonntttion  taking  place  wh*'n  mucin  is  precipiuted  b» 
amnionia  from  its  solution  in  ecetic  acid,  when  it  ia  left  for  some  time  in  contact  witk 
cold  watcT,  or  with  dilute  alcohol,  and  when,  it  is  boUed  fur  a  short  time  with  water. 

The  alcoholic  liquid  from  which  the  mucin  has  b««n  depo«it«d  coatains  the  g  1  u  t  i  n, 
together  with  a  small  quantity  of  mQcin.  To  obtain  the  glntin  pure,  the  liquid  auM 
be  eTaporat«d  over  the  water-bath,  by  which  the  mucin  is  rendered  iiuioluble,  and  ihb 
glutin  rediscolred  in  alcohol  or  in  dilute  acetic  acid 

Olntin,  or  regtitable  gcltttin,  in  the  hydratcd  state,  forms  a  ycDowisb  Cmpid  Uqoid 
of  tho  consistenoe  of  vumieh,  aud  capable  of  being  drawn  out  into  threads  haring  a 
silky  lustre.  When  desiccated  by  alcohol,  treated  with  ether,  and  dried  in  vmuo^  it 
forms  a  hard  fragile  mosa  of  ferinaceous  afnpRct.  By  eroporattng  the  alcoholic  solu- 
tion, it  is  obtained  in  a  form  exactly  reaombling  that  of  animal  gelatin. 

Qlatin  dissolvee  easily  in  ai^ohoi  of  40  to  80  per  cent,  the  solution  remaining  per- 
fectly limpid  Absolute  alcohol  precipitates  it  gradually  in  the  form  of  a  wuit^ 
grantilar,  but  adherent  powder.  It  dissolves  to  a  very  slight  extent  in  coll,  and  aoai»' 
what  more  freely  in  hot  water^  the  solution  yielding  awhiteprecipitiite  with  oallotamnit 
acid,  and  with  b<mc  acttate  of  lead,  inrrcuric  chtonde,  eulpkatc  of  zinc,  aud  jtUrtOg  •f 
tilwr.  With  ferric  tuiphate  mixed  with  ammonia,  it  gives  the  same  reactioo  ■• 
Buimal  gelatin,  that  is  to  siiy,  an  orange-coloared  or  brownish  precipitate. 

Glutin  disaolres  with  blue  coltiur  in  hi/drochloric  acid;  in  nitric  acid,  it  rwell»  «p 
and  dissolves,  the  solution  yielding  a  yellow  floccolent  precipitate  when  mixed  with 
water.  It  dissolves  partially  in  phi>apht>ric  acid,  easily  and  completely  in  tartmit  tui 
acftic  acid».  On  miring  the  acetic  solution  with  a  small  qujintity  of  cupric  ju/pAalh; 
slightly  supersaturating  with  pot2LHh,  and  heating  the  liquid  to  boiliug,  a  blackish  pre- 
cipitiitc  of  cupric  oxide  (?)  is  formed,  and  the  liquid  acquirea  a  fine  petnoanent  blmsb* 
violet  colour.     The  same  reaction  is  exhibited  by  mudn. 

Qlutin  is  soluble  in  the  jiffd  alkalis,  less  soluble  in  mmmnjii.  The  alkaline  solutioQ 
forms  curdy  precipitates  with  metallic  salts ;  carbonic  add,  calcium-salta,  and  aoatat* 
of  lead  separate  the  glutin  from  iL  The  acetic  and  alcoholic  solutions  exhibit  amlkr 
ehaructets. 

Moist  glutin  exhibits  a  fine  red  colour  with  mercurout  nitrate.  With  strone  tvl- 
fhuric  actd  and  sugar,  it  first  produce*  a  fugitive  yellow  colour,  and  then,  »fiot  hiif 
an  hour,  a  fine  violet  colour.  Both  glutin  and  mucin,  when  dried  by  heat,  peas  into 
modifications  less  soluble  in  alcj:)hol  and  other  solvents  than  the  original  soMtaDoea 
At  B  BtroD)?er  heat,  glutin  melts,  swells  up.  and  leaves  a  carbonaceous  residue. 

Glutin,  liki'  mucin,  ap[>ears  c^tpiible  of  passing  into  an  innoluble  modificatioa.  Ritt- 
hiiusen  is  also  of  opinion  that  vegetable  fibrin  is  capable  of  undergoing  a  siauUr 
change,  and  that  the  existence  of  the  several  constitueate  of  gluten  in  the  soluble  or 
insoluble  state  may  account  for  the  differences  observed  between  certain  varietias  of 
wheat  {Mi  vitreux  and  bU  farincux). 

The  following  are  analyses  of  crude  ghiten,  of  glutin  (or  rather  mixtures  of  glntin 
and  mucin  1  separated  by  alcohol  from  crude  gluten,  and  of  pure  glutin,  prepoTHl 
Rllthautien'a  process.     They  show  that  pure  glutin  has  the  same  composition  as  onu 
gluten  itself,  and  that  the  other  coostitiients  do  not  differ  much  in  compceition  froial 
Hence  it  is  probable  that  all  the  cunstitnente  of  gluten  have  the  same  percentage  com- 
position, which  indeed  is  that  of  the  albuminoi(U  (L  70). 

Anal^aes  of  Glttlm. 

BovHlngault.  BOtlat 

Cnrl)on  .         .        .     62  6  £3  1  £13  522  63-64 

Hydrogen     .         .        .       7'2  6'8  70  63  717 

Nitrogen      .        .        .     Id'O  160  18*9  18*9 

Sulphur        ,        .        ,     ,    .  .     .  .     .  ,     .  110 

Glxiiin  tstracted  from  Giulen  by  Al4:ohol.  Pure  Glm 

JoDM.  Mulder.  B«u«()ngjiult. 

D tied  mtXOCP  C.  ttrini  m  P»cue, 

Carbon     .    64*6        64*93      64-76         533        52-8        541         63*4  63-49 

Hydrogen      74          711        699          76          76          76          77  697 

Nitrogen.     16-0         1871       16-71         14  6         144         13-6         13-5  18-02 

Sulphur  .     .    .          0-67        0-62 08S 
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Mwim'ji  yielded  0  98  and  vegetable  fibrin  0-95  per  cent,  of  Bulphor,  VrgeUble  fibrin 
(Ichjdruted  by  alcoliol,  forms  *  pulrerulent  nuias.     (Ritthaaiieu.) 

The  fat«  of  glut«n  form  &  yellow  oily  tnasH,  neutral,  hariug  a  sweet  tAste,  and  mixed 
witli  cTj'stidB.    (Ritthausen.) 

Guimberg  (J.  pr,  Chem.  Ixxxt.  213)  tias  obt»in«i  reoolbt  difTrring  coiuddonblj 
from  thcw)  of  RitthauEeu.  According  to  hi«  exporimcnta,  the  substanw  describfid  by 
Rittbaasen  aa  muera  or  vegetable  ca««in  ia  not  a  dwtinct  proximati>  principle,  the  deposit 
vhich  aepartttoB  from  aloobol  afler  boiling  with  glnten,  conjsiirtiD^  tuerely  of » muil  fragmenta 
of  anapended  fibrin.  Moreorer,  glutin  orgliadin,  which  remains  diaaolrtid  in  the  alcohol 
after  aepantion  of  thiB  deposit,  ia  it««lf  not  a  aimple  proximate  principle :  fur  cold 
water  eztracta  from  it  a  brown  sabstance  containing  nitrogen  and  sulphur)  and  th« 
residue  treated  with  boiling  water  yields  a  limpid  solution,  which  on  cooling  depoaitea 
eubetance  freedom  sulphar,  and  cout&ining,  when  dried  at  130^  C,  5277  per  CMit.  car- 
bon, 6*79  hydrogen,  17'G6  nitrogen,  and  22*78  oxyp;oxL  Thla  substance^  which  ha«  nejirly 
the  same  composition  tts  animal  gelatin,  is  regarded  by  Giinsberg  as  the  true  glutin  or 
vegetable  gelatin.  The  aulphuretted  and  noo-eulphurftted  compounds  just  mentioDed 
may  be  extract«d  directly  from  gluten  by  succesaive  treatment  with  cold  and  hot  water 
wilhont  previous  solutioa  in  alcohol 

The  proportions  of  gluten  in  wheikt-flonr  vary  considerably,  according  to  the  condi- 
tions of  growth,  tiuch  as  climate,  soil,  manure,  temperature,  &c.  The  Uwt  wheat-ttour 
c<:)ntaius  from  lU  to  11  per  ceat.  of  dry  gluten;  inferior  kinds  from  8  to  9  per  cenL 
In  the  moist  state,  gluten  weighs  about  three  times  as  much  as  when  dry. 

The  tloun  of  barley,  rye,  and  oats  differ  conaider&bly  in  proximate  constitution  fbum 
wheat-flour,  boiling  aJcohol  extracting  from  them  fatty  and  re«inoua  matter^  but  only 
tnicea  of  gktin.  Indeed  tb<»e  grains  cannot  properly  be  said  to  contain  glittin,  but 
oaly  vegetable  fibrin.  Neither  is  glutin  found  in  ftppredable  qaabtity  in  tbo  flour  of 
peaa,  beans,  or  lentils.  It  appears  to  exist,  however,  in  the  juice  of  the  grape,  and  of 
many  other  fruits,  being  probably  held  in  solution  by  tartaric  or  othf  r  vegetable  mdda, 

OXtTCSRAKZirm   or    Crlycrrtfl-hydoramine.     C»H»NO»    -   ^*^'{J!''   1^.  — An 

orgsinic  biue  produced,  as  a  bydrobromate,  by  passing  anunonia-gaa  into  a  solution  at 
dibromhydrin  in  absolut*  alcohol : 

C'H*Br»0  +  2XH»  +  H»0  -  NH«Br  +  C»H»NO'.HBr. 
By  treating  the  hydrobromate  with  strong  potash-ley,  the  base  is  obtained  as  an  oily 
liquid  easily  soluble  in  water  aod  in  ether.  Hydrochiorate  of  glycrramine  becomes 
moist  on  exposure  to  the  air,  and  decompoecs  when  heated.  Its  alcribulic  <«olntioQ  forma 
■with  tctra^^hloride  of  platinnm,  a  double  salt,  2(  C«H*NO*.HCl)J'tCl',  which  separates 
in  orunge-coloured  granules.     (Sertbelot  and  De  Luca,  Ann.  Ch.  Pharm.  ci.  74.) 

Diglyeerj/l-dihydor&romamine    or    Hemibromhydramidf,    C*H'*BrKO'     « 

H*"     )N 
(CH*)'"    0',  is  an  amoiphoua  baae,  produced  by  the  action  of  dry  ammonia-gas  on 
(C»H»ri  Br 

pure  dibromhydrin  (Berthelot  and  Do  Luca,  i.  668);  and  the  analogous  compound, 
C*H"C1N0*,  ia  obtained  by  heating  ppichlorhydrin  with  alcoholic  ammonia.    (Reboul, 

OZ.TCZUC  AOZ9.      C'H'O*  =  ^^  g,"'     0'.     (Debus,  Phil.  Mag.   [4]  xt. 

195;  Ana.  Ch.  Pharm.  cix.  227;  Soeoloff,  Ann.  Ch.  Pharm.  cvi.  95. >— Produced  by 
the  action  of  nitric  acid  on  glycerin  (Debua,  Soeoloff);  by  the  spontuieous 
decompoaitioD  of  nitjoglycertn  (De  la  Rue  and  Muller,  Ann.  Ch.  Pharm.  cix.  122) ; 
and  by  beatLng  1  at  glyoeiin  with  4  at.  bromine  luid  a  volume  of  wstej-  twenty  times  as 
great  in  a  sealed  tube  to  100°  C.  (Barth,  Ann.  Ch.  Phanu.  cxxiv.  341): 
C*H*0*  +  Br*  +  H»0  -  C«H*0*  +  4HBr. 
Prrparation.—l  pt  of  glycerin  is  mixed  in  a  glass  cylinder  with  an  rqual  balk  of 
water,  and  I  pt.  of  nitric  acid  of  specific  gravity  l'£  introduced  below  it  by  meUM  of 
a  long-necked  funnt^i  (100  grms.  glyi^n,  100  grms.  water,  and  100  to  160  grms.  red 
nitric  acid  are  good  proportioDi).  The  two  layers  of  liquid  gradually  mix  and  aavume 
a  blue  colour,  and  the  oxidation  of  the  glycerin  proceeds,  accompanied  by  a  copious 
evolution  of  gas.  If  the  liquid  becomes  too  hot,  the  action  mu!^  be  moderated  by 
ettemal  cooling.  When  the  oxidation  is  completed,  which  taJtes  five  or  six  days,  the 
strongly  acid  liquid  is  divided  into  small  portions  and  evaporated  at  100*  C.  to  aaynipy 
consistence :  the  united  residuea  are  diluted  with  water,  and  ncutnlised  with  clialk ; 
and  the  reaulting  calcium-Silta  ore  prf^ipitnted  by  strong  alcohol.  The  liquid  (which 
btiJl  contains  one  or  two  substanc**)  is  car^ftiUy  sepamted  from  the  ppscipitnte  ;  the 
latter  is  treated  with  warm  water ;  and  the  solution  fllt^'red  from  the  oxalate  of  calcium 
is  mixed  with  a  quantity  of  milk  of  lime  suflScicnt  to  produce  alkaline  ZMCtioo,  when< 
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«pon  tJw  calcinra-Ralt.  of  ii  pecttliar  »dd  in  depositeil.    The  liqni-l  s^pomUtd  fro»  this 

Erfcipitate,  freed  from  exceos  of  lime  by  carbonic  acid,  and  evapomtca  to  Ihe  crjmtot*^ 
ning  point,  yielda  glycerate  of  cfdcium,  which  tony  he  p•ariC^d  by  rMTjaialUntiMLl 
(Debus).  According  to  Socolofil  when  glycpriu  in  oiixisl  with  a  \arg»  cue—  <rf  nitric 
acid  of  epeciflc  granty  1  360.  at  ordinwy  temperKtnrea,  Oiidution  be^iiM  is  a  tew  honr-  , 
a  large  quantity  of  pus  i»  evolved  ;  crj-Btals  of  oxalic  acid  Kepernte  i»  •  t«nr  days ;  ami 
th(?  remaining  liquid  thua  formed  containa  glyceric  acid,  the  culciua-ault  of  wtuoli  any 
be  obtained  aa  above.* 

Tbp  Hcid  is  obtaimd  by  decompoaing  the  calcium-salt  with  a  quantity  of  oxaKe  i 
exactly  sufBcient  to  precipitate  the  lime,  and  «T»{>omting  theflltwte  on  th«  wat«T-b 
(DebuH).  B^iistein  (.Ann.  Ch.  Fhann.  cxx.  226),  evaporates  the  product  of  i 
reaction  of  nitric  acid  upon  glyci>rin  in  a  laige  flat-bottanaed  baain,  ovrr  tb»irai« 
bath,  dissolves  the  residue  in  a  Large  quantity  of  water,  and  utnratea  it  with  oxide  t. 
eubooate  of  lead.  Tlie  liquid  bailed,  filtered,  and  oonoeolnted  by  aTHporstioii.  de- 
poaita,  on  cooling,  crjBtaU  of  glycerate  of  lead,  which,  when  purified  by  n«(7wtaUiaa< 
tion,  and  decomposed  by  sulphydric  acid*  yit-ld  nearly  ooloorleaB  glyceric  acid,  aaa 
thick,  non-crystuUifiing  syrup.  The  acid,  aftcT  being  heated  for  some  time  to  105°  C,  is 
convrrtt'd  into  a  soft,  very  tfnuciotis,  slightly  brown  tnaM,  having  the  oompositioa  ci 
gt'/ceru-  atiht/driiU,  C?H*0*,  whicfi,  at  1-1 0°,  changM  X»  a  bivwDiah  niaa  reMnhlios 
gum  arabic ;  it  absorbs  wuter  iK-ith  aridity,  mad,  at  a  higher  temperatore,  give*  offadii  j 
rapouTB,  tarns  brown,  and  bums  with  flume,     (Deboa) 

Glyceric  aeid  is  isoineric  with  pymric  acid:  it  is  also  bomologons  with  gly«xylj 
acid  (C^H'O*),  and  bears  the  same  relation  to  glycerine,  CHH)*,  that  acetie  add  T 
to  alcohol. 

Glyceric  acid  treated  with  iodide  of  photph&ru-H  yields  iodopropionic  acid,  CHMC 
(sw  PnopioNic  Arm,  DKWVATiVBa  or).  A  mixture  of  plyoeric  uod  lunzvic  ac»4 
heated  fur  a  long  time  to  200°  C,  appears  to  yield  a  benzoglyceric  acid.  (£eiUtei« 
Ann.  Ch.  Pharm.  exx.  226.) 

The  aqueous  aolution  of  glyceric  acid  haa  an  agreeably  soar  taste,  diaaolves  iron  j 
sine  without  evoluCioQ  of  gH«^  probably  forming  a  lactate  or  proptonatei,  decomposra 
carbfinateB,  and  coaguliiteti  milk.  Potash  added  to  a  solution  of  iron  in  glyceric  acid 
precipitates  only  a  part  of  the  iron  ;  the  precipitation  of  copper  from  the  Holphate  by 
potaah  is  likewise  prevented  by  the  presence  of  ^yceric  acid,  the  liquid  yieldini^ 
however,  a  d^irk  yellow-brown  precipitate  when  boiled. 

Gljfceratea. — Olycerio  acid,  though  a  triatomic  acid,  neverthelesa  appears  to  coa- 
tain  only  1  atom  of  hydrogen  replaccaibk  by  metals.  It  is  probable,  however,  thai  tlio 
reinaicing  two  atoms  of  type  hydrogen  will  be  found  U>  be  more  easily  replaceabla  by 
add  radicles,  juat  like?  the  second  atom  of  typic  hydrugen  in  glyooUie  acid  [q.  ».) 

The  glycoratea  are  soluble  in  water  and  crystallise  welL     They  are  nut  racf 
by  ferrous  aulphnte,  and  are  tliereby  dintinguished  from  the  pyruvutea. 

Glycerate  of  Ammonitim,  C*H\NH')0*.  forms  eolourless  mdiAtinp  er,. 
which  are  very  deliquescent,  melt  at  a  gt- ntlu  hiut,  Hod  at  higher  tvmperulurvs  I 
brown  and  give  uffamnionin. 

Giffceratt  of  liarium,  C*ir*'Bii"0*,  separates  from  a  hiA  »r>lutii)n  of  carlonste <jf 
barinm  in  the  aqueous  acid  in  lurge  spherical  aggregationa  of  concoutrioilly  giuu^ 
himin». 

Glueerate  of  Caieium,  C*H»K)rt"0'  + 211*0,  crystallises  in  small,  white,  cooeen-  , 
tricaliy-grouped  crystals,  frequently  also  in  nodules  composed  of  micr?<8c«-ipic  tab!*'*  > 
prisms.     Ry  mixing  n.  modonitely  *trong-  nqneous  solution  unth  about  an  equal  Tolnii 
of  hot  alcohol,   distinct  crystila  are  obtained  holongrng  to  the  monoclinic  svstend 
cbP  .  oP  .  [  ooPao  ]  .  (xp«  .     They  lirivt-  iv  micjiceons  bistre,  give  off  their  water  i 
abuut   12l>°  C,  and  begin  to  decompose  at  160".     The  salt  is  inpnlublo  in  alcolM 
The  aqueous  solution  precipitntef*  Iwid.  opp^r,  and  ferric  salts.    With  nitrate  of  silfL__ 
at  the  boiling  heat  it  forms  a  black  procipilAtc,  aud,  on  addition  of  ammonia,  a  speenltf^ 
deposit  of  silver. 

GlyeerateofLead,  C*H'»Pb"0»,  forms  white,  hard,  anhydrrrae  cryst.^lline  fra»t«. 

Glycerate  of  Potaggium  (acid),  C*H»KO«.C»H»0<,  is  obtained  in  small  whits  1 
crj'stals  by  exactly  neutralising  the  acid  with  carbonate  of  potaasium,  adding  an  equal 
quHUtity  of  the  acid,  and  evapuruting  to  a  syrup. 

When  1  pL  of  nexiiral  glifcrratt  of  pottutsiun  is  mixed  with  1  pt.  of  hydrate  of 
potfusaium  dissolved  in  2  pts.  of  water,  and  the  mixture  is  boiled  down  till  it  giTes  a 
white  precipitate  with  acetate  of  leatl,  after  acidolation  with  acetic  acid,  tha  ^vrrie 

'  Whnn  l\\r  mcHliFr-lii^iJDr  ippu-aled  ffom  tbecr^itaU  of  thit  e»lclun>-ftBU  *u  xa\xeA  with  cartel 
or  [utroK^iurn  in  quantity  tuKlcieut  to   piTKi|«ltaU  the  whole  of  Uie  lime,  and  tbc«lkalin<>  Ultmlcfl 
t«»U».-.l  with  nirric  iii-i<i  and  rnti rciitrst^,  itie  tfniitjr  liquid  dfcinlrd  frnm  ihe  rryi'iiit  ff  riilr«  wlilekJ 
•rp.ir«lrd  tHi(.  ]rirld«Nl  nFeill<>-aha|>Ml  crviuU  with  a  cnnci^lrated  >uliiti»u  or  acid  twtnhtle  ttf  4 
he»G«  11  protMlilf  cuiiUiiucO  *  iutMtauce  ol  the  tuiurc  ol  au  4kl«l4>dc.    ( ^ u c u  I u  f  r.> 
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add  b  foand  to  be  molml  into  oxalic  and  lactic  Acida,  the  former  bein^  precipitated 
by  the  acetate  of  lead,  the  latter  remaining  in  solution.  The  glyceric  acid  ia  probably 
fliist  resolved  into  lactic  and  malonic  acids : 

2C^»K0«  +  KHO   -    C»H»KO»  +  CB^KH)*  +  2H«0; 
Gljcenita  of  LwUte  c>r  Maloiuta  of 

pouuima.  poUMiam.  patusium. 

and  the  malonic  acid  is  farther  reaolTcd  into  oxalic  and  formic  adds : 

C»H»K»0«  +  KHO  +  H«0  -  (?K«0«  +  CHKO«  +  H« 

(Debni,  Ann.  Ch.  Pharm.  ax.  122).  From  an  experiment  made  by  Atkinaon,  it 
appears  that  glycerate  of  potasdnm,  when  fused  with  hydrate  of  potasainm,  is  resolved 
iuto  acetate  and  formate  of  potaaaimn : 

(?H»ZO«  +  KHO  -  C«H^O'  +  CHKO«  +  HH). 

Glffeerate  of  Silver  is  a  vary  onstable  salt 

Glyeercte  0/  Zine,  C*H'*Zn''0* -•- H*0,  crystallises  ftom  a  solution  of  carbonata 
of  sine  in  the  warm  aqneoos  add  in  small  colourless  crystals,  whidi  give  off  their 
imter  at  140°. 

0&TOBU9BS.  Qlyeerin^Hkert.  Glyeeryl-etJura.  Saponifiable  Fat».  (Cher- 
renl,  Beehereket  sur  lea  eorp$  gnu  tTorigine  animele.  Paris.  182S. — Bertnelot, 
CiUnde  orgamique  fontUt  tur  la  tyntkite,  fa.  12— 164.— Keknl^  Lfkrb.  d.  org.  Cknn. 
ii.  108 — 136.) — These  bodies  are  the  compound  ethers  of  the  triatomie  alcohol,  glycerin. 
Some  of  them  exist  ready  formed,  as  natural  fats,  in  the  bodies  of  plants  and  «.ninml«, 
and  many  more  may  be  produced  artificially,  by  the  action  of  adds  upon  gheeiin. 

The  names  of  the  ^ycerides  are  formed,  for  the  most  part,  from  those  of  the  corre- 
spondinff  adds,  by  changing  the  termination  ic  into  in ;  thus,  acetic  add  forms  acetins, 
cnlorhydric  add  forms  cUorhydrins,  &&  There  are  a  few  glycerides  containing 
mnnatomic  alcobol-radides  instead  of  acid  radicles,  nnd  these  are  designated  in  like 
nanner;  thus,  glycerides  containing  ethyl  are  callod  ethylins.  The  names  of  glyce- 
rides which  possess  dedded  add  properties  are  formed  by  prefixing  the  word  ^ycrro 
to  the  name  of  the  add  from  which  they  are  formed,  e.g.  glycerotartaric^  glycerophoa- 
phorie  acid,  See. 

The  formation  of  glycerides  takes  place  in  the  same  way  aa  that  of  all  other  com> 
pound  ethers,  aad  indeed  of  all  salts  whatever,  viz.  by  the  union  of  the  add  and 
base,  with  eliminaition  of  the  elements  of  wHter  (see  Acids,  i.  43,  and  Etkrbs,  ii  609), 
the  number  of  atoms  of  water  thus  eliminated  bdns  in  the  m^ority  of  cases  equal  to 
the  number  of  atoms  of  a  monobasic  acid  (or  alcohol)  oonoemed  in  the  reactimi,  or  to 
twice  the  number  of  atoms  of  a  dibasic  add,  or  to  three  times  that  of  Uie  number  of 
atoms  of  a  tribadc  acid.  In  this  manner  there  are  formed  three  series  of  normal 
glycerides,  having  the  constitution  of  triatomie  ethers  derived  firom  glycerin, 
<C*HJ)"'>Q,  ^^  (CiH»)"'.(H0)»,  by  the  replacement  of  1,  2,  or  8  at  hydrogen  by  an 

equivalent  quantity  of  an  add-  or  alcohol -radicle,  or  of  1,  2,  or  3  at.  HO  by  an  equiva- 
lent quantity  of  the  peroxide  of  an  add-  or  alcohol-radicle  or  at  chloriae,  bromine,  or 
iodine  (see  Ethjou^  pp.  608,  620);  thus: — 

(C»H»)-) 
Monoaeetin        .       .  C»H"0«       -  C«H«0«  +  C»HK)«    -    H«0  -      C»H»o[o« 

.  C»H'*0»       -  CHH)«  +  C»HH}     -    H»0  -       C«H»  lo« 

H«  ) 


Honoethylin  . 
Monoehlorhydrim 
Diaoetin     .        . 

Diethylin   . 

SoodiuB     .       . 

Acetoehlorhydrin 


.  C»H»C10«    -  C«H«0«  +  HCl        -    H^  -     ^^ff^"  Ici 

(CUT  ) 
.  crH»»0»       -  CHH)'  +  2C»H'0«  -  2HK)  -  (C»H«0)«lo« 

H    J 

(OUT) 

,  CH'-O*       -  C»H«0»  +  2Cm*0    -  2H*0  -      (Cll»)-   0« 

((?H»)-  ) 
.  C*H»«0»       =  C»H»0»  +  C«H«0«    -  2HK)  -  (C*HK)*)-f0' 

H     j 

.  C»H»C10«     =  C«H«0'  +  ^^^j  -  2H»0  -      C*H«0  12.' 


C'H»)~)q, 
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Diotilorhydrin     . 
Triacotin    . 
Triethylin  , 
Benzosuccdnm     . 

Citrio 

Aoetodiclilorhjdria 
Trichlorhydrin    . 
Dibromochlorhydrin 


2HC1        -  ! 
8C»H*0*  - 
3C»H*0    - 


,  C»H»Cl» 


C'H*0»  +  C«H*0'     - 

CH'O*  + 
.  C»H»0»  -K 


2HCI( 


3HC1 
2irBr( 
HClJ 


H    v^n« 

^     (C'H»)"q, 
-(C«H*0«)-lCFJ 

(C7H»r»n 
"      OH»0  JCP 

=.    (C»H*)- 


There  ift,  howev<>r.  a  conaidemble  number  of  glyeeride*,  vrhotfws  formatioD  va  atteadci 
with  the  oiiminatian  of  a  nmnber  of  atoms  of  vater  greater  or  less  than  that  whidi 
would  be  indicated  by  the  rule  above  given,  e.  g.  : 

Epichlorhydrin  .        .  C»H»0C1  -  C»H»0»  +  HCl  -  2HK) 

Epidichlorhvdrin         ,  C»H«C1»  =  C*H"0«  +  2HC1  ->  3H«0 

Glycero tartaric  acid    .  C^»0«  -  C*H»0*  +  C'H»0»  -  HK) 

GlycerPtritartaric  acid  C»H«0"  «  C'H»0«  +  3C*H»0«  -  2HK) 

For  additional  examples,  see  the  table  g:iven  under  Ethbiu  (p.  620). 

Thtwo  abuorraid  glycerides  difler  of  course  in  atomicity  from  the  normal  glyc«i*ies^ 
which  are  all  triatomic     Those  whose  formation  (like  that  of  the  third  an'd.  tovnh 
in  tht5  preceding  table)  is  attended  with  the  elimination  of  a  number  of  water-aton 
•miiUer  than  thtit  required  by  tiie  general  rule  are  of  higher  atomidty  than  the  i 
mal  glycerides  (see  the  table,  p.  520) ;  these  are  for  the  moat  part  of  decided  i 
ehitr.icttir.     Those,  on  the  contrary,  which,  like  the  first  and  second  in  the  abore  tab 
eliinbiate   in   their   formMtion   a  number    of  water-atoms     greater    than    would  b#l 
consij^tent  with  the  formation  of  a  normal  glyc^ride,  are  of  lower  atomicity,  and  for  thai 
moat  part  diatomic     They  constitula  a  class  of  etliera  called  glycidic  ethers,  »hid» 

msiy  bo  derived  froaa  a  hypothetical  diatomic  alcohol,  ^     jjf   >  0*  or^     n       [  0',  called 

glycide.     Tbi«  class  of  compounda  includes  the  chlor-  and  bromhydrina  which  ar» 
diHtingtiiohed  in  Berthelot'a  nomenclature  by  the  prefix  epi,  and  are  produced  fTiiU 
the  triatomic  chlorhydrina  and  bromhydrina  by  the  action  of  alkalia.    (Se«  Gltduni  J 
£thsb5.) 

Chcurrmee  and  Formation  of  Gttieeridf9. — The  normal  glyceridea  containing  i 
rHdJol(>«i  are  artifictally  produced  by  acting  upon  glycerin  with  the  corresponding  adtlsi  j 
somerimes  at  ordinary  t<imperatnres,  bat  more  frequently  with  the  aid  of  beat  \n\ 
scaled  tubea,  the  particular  compound  formed  depending  upon  the  proportioDS  of  acidJ 
aui  glycerin  present,  the  temperature  to  wliich  the  mixtore  is  subjected,  and  tba  f 
dimition  of  the  action.  The  clilorhydrins  and  bromhydrina  are  likewise  prodoflrd  by 
thp  fiction  of  the  chloride*  and  bromides  of  phoapboms  on  gl;jrcerin. 

The  glycerides  which  are  found  in  liring  vegetable  and  animal  organisms  all  oontiit  j 
3  at.  of  an  acid  radicle  in  place  of  the  three  rephieeable  hydrogen- atoms  of  glycerin»| 
They  are  identical  in  all  their  properties  with  the  triacid  glyoeridea  produced  by  arti>J 
ficiai  processes.  Nearly  all  fluponifiable  fata  are  bodies  of  thia  nature,  only  a  frw] 
yiolding  by  thia  treatment  alcohols  different  from  glycerin,  e,  g.  apermaceti,  whidt 
yielils  *t\ieX,  or  oetylic  alcohol,  and  Chinese  wax,  which  yields  cerylic  alcohoL 

The  glycerides  which  occur  in  plants  in  the  form  of  oil  or  tallow  are  fbnnd  chii.'fly 
in  the  seed,  and  most  frequently  in  the  testa,  or  seed-coating ;  rarely  in  the  albumai,- 
{hs  in  the  poppyXor  in  the  radicle,  or  in  the  fleshy  matter  aarrounduig  the  seoi(a»  i~ 
the  olive),     Ci/prrus  cwniUntua  contains  an  oil  in  the  root.     In  the  animal  body,  f 
are  for  the  moat  part  enclosed  in  the  oellnlftr  tissne  or  in  particular  carttics. 

Fate  are  separated  from  regetable  or  animal  tissue  by  pret«ure,  at  the  tempetala 
of  the  air.  if  they  are  sufficiently  fluid ;  otherwim  with  the  aid  of  heat;  aometiBM 

howeTcr,  the  fat  separatee  out  Hpontaiieously  by  simple  fumon ;  or  the  faX  tnay 

dissolved  out  by  boiling  alcohol  or  ether,  in  which  case  it  separatea,  MnneiiiBM  by 
cooling,  sometimes  by  evaporation,  or  on  being  mixed  with  water.  Tll«  tat  irVrta^nA 
by  eilh«*r  of  these  processes  is  generally  a  mixture  of  several  simple  glToerJdca,  vilkb 
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fOMj  in  «onie  e«a«  be  «eparot«i,  m  con«fqu*nc*!  of  thoir^lifferent  Auibility.  l»y  prewinft 
Ib^tn  at  M  tpmp<T.itupc  al  whkh  on*  in  wilid  an<J  I  he  other  li4uid  ;  thus  the  Itfst  kind 
of  olive  oil  ifl  obtained  bj  filtering  the  erode  oil  ut  u  temperature  n«ir  the  frwzing 
point  of  wat«r,  only  tho  most  fluid  portion  then  passing  through.  Auotber  iriod<»  of 
BepHrating  fiiit«  is  by  tiiking  udvuntage  of  their  diiU'rent  degrees  of  solubility  in  idi:ohol 
and  ether.  But  it  15  very  difficult  to  obtuin  «  perfectly  pure  simple  glye«r)d«  by  uny 
of  these  procemes. 

Proprrtiet, — Olycerides  in  the  ooHd  8t«t«  nre  ■white,  transparent,  or  tmnalaeent. 
Some  of  them  are  crystalline,  otbers  have  a  do»c  Hplintety  fracture ;  spedttc  crarity 
between  0892  and  0-930.  At  a  certain  degree  of  cold  tbey  are  brittle  and  friablet,  and 
at  a  le«s  degreie.  more  or  lewi  soft.  Their  raelting-pointa  range  from  20  degrees  or  mora 
below  0*  C  to  +  6 1*  C.  In  the  melted  atate  they  form  viacid  oils,  generally  colonrleaa, 
Rometlmea  yellowish  or  greeui^ib,  greairy  to  tho  touch,  and  making  a  permanent  stain 
on  paper.  They  are  not  Tolafile  without  decomposition,  some  only  Iteing  capable  of 
distillntioa  in  vacuo.  They  are  neiUml  to  vegetable  colours,  inodorous  when  pure,  bat 
often  have  a  rancid  odour,  arising  from  incipient  decompo«ition ;  they  have  little  or 
Qo  taste. 

GJycerides  are  insoluble  in  voter.  Bparingly  (wluble  in  aI<x>hot,  more  soluble  in  rthrr: 
thev  distsolve  also  in  suijthid^  of  carbvn.  They  mix  readily  with  volatiie  oil$;  in  the 
meltt-d  state  they  dissolve  su/pkur,  phospkarut,  and  iodine  (which  however  gr.wliially 
decomp(»e«i  them),  also  camphora,  resint,  and  alkaUUds,  They  are  not  solullc  iu 
aqueous  ammmnOf  but  liquid  fata  mix  with  it  and  form  a  white  pasty  mixture,  called 
linivuni,  which  takes  a  long  time  to  separate. 

Mniiy  glycerides  are  susceptible  of  isomeric  modifications,  differing  in  melting-point 
and  otJicr  physical  properties.  Hei  nta  observed  ihnt  stearin  from  mutton  fiit,  eucloped 
in  a  capillary  tube  and  heated  in  u  water-bath,  l)ecomes  perfectly  tninsparent  at  51** 
or  62*'  C,  opalescent  at  a  somewhut  higher  temperature,  resumes  its  opacity  at  58", 
and  raelu  at  82 — BX-S". 

These  phenomena  hiive  been  more  minutely  examiofKi  by  Duffy  (Chnm.  .Sot  Qu. 
J.  V.  ISJ")  who  finds  that  stearin  is  susceptible  of  three  isomeric  modiflcntions.  «;irh 
diatinguished  by  a  particular  melting-point.  When  gradually  heated,  it  melts  at  the 
first  of  these  points,  viz.  at  abouL  61°  C..  then  solidifie*;  melts  at  the  temperature  of  the 
second,  (iolidifie«.  melt*  at  the  tempcratttro  of  the  third  (about  69"^,  andl  then  solidifiw 
only  when  the  temperature  has  fallen  helow  all  three.  After  solidifying  at  this  ixnnt, 
it  may  be  made  to  melt  again  at  the  first,  second,  and  third  melting-points  respectively, 
fiolidifyinp  as  before,  below  all  thrt-e;  nnd  theae  changes  axe  producible  in  this 
suecesaion  to  any  extent,  without  the  ftliyhtest  losa  or  gain  of  wd^fat.  As  the  stearin 
approaches  to  purity  (by  repealed  crystiUIisatioo  from  ether),  the  interval  between  the 
first  and  second  melting-points  diminiahe* ;  hence  it  is  probable  that  perfectly  pure 
stearin*  (which  has  never  yi=t  been  obtiiined)  would  exhibit  only  two  melting  points, 
tbotte,  namt'ly,  which  are  here  called  the  first  and  third- 

The  three  modificatiom*  al.<o  Jifler  iu  den«t  v,  the  first  bein^  lighter,  the  second  and 
third  heavier  than  water;  at  16'=',  tho  density  of  the  first  is  0-9867:  of  the  second 
1-0101.  of  the  thinl  I  01 78;.  Theae  nnmhers  apply  to  mutton-stearin  crystallised 
32  times  from  ether,  and  hjiving  its  third  melting  point  at  69'7°. 

Similar  modifioationB  are  exhibited  by  other  glyceridea,  vix.  stearin  from  b«ef-fiit,  a 
glycerin-fnt  from  a  kind  of  vegetable  tallow  (the  hiutoiy  of  which  lb  not  exactly 
kiiowaX  palmitin  tuid  mar;gariu.  TbefoUowing  table  exbibits  the  melting-points  of 
these  fats : 

Soltdiryfng 
polnr«. 

Mntton-stearin  .        .  .  61'7°  . 

LBeef-stearin  ....  d«  5  . 
_  Btibstance  from  vegetable  tallow  .  460  . 
■  Palmitin  firom palm-oil        ,        .  450     . 

Margarin  from  butter  .        .  40h)    . 

Margurin  (?)  from  human  fat      .  49*5     . 

The  property  of  existing  in  two,  if  not  three  modifications,  appear*  not  to  belong  to 
any  fat^  subcrt^nces  excepting  the  glyceriu-futs :  at  all  events,  the  acids  derived  frota 
khem  do  not  possess  it;  neither  is  it  exhibited  by  stearic  or  ccrotic  ether,  eerotiu, 
cerotene,  Chinese  wax,  or  paraffin. 

Dtcompontitm*  of  Glffcmdea.~~L  By  cUsiifJation. — Glycerides,  which  yield  volatile 
aeida,  such  as  the  acetins,  butyrins,  and  valerios,  may  be  more  or  le««  distilled  without 
decomposition  ;  but  tho«e  which  yield  fixed  acida^  e.g.  palmitin,  olein,  and  stearin,  are 

•  The  ptirrn  trrarin  which  Duffy  ub'-alned  had  bwn  crjnUllUcd  32  timet  from  rtl.er,  and  mmAunciHl  to 
oiiljr  H  jtrammra  frnm  I  krloirr«c,mvt  of  ihc  t'niile  fat :  It  Mill.  howr»nr.  arpearcxi  fo  t>f  not  auit«  |'ur«  j 
for  ttve  reiidur  .if  the  inuLhiT-llqiior  diircn-tl  In  mcltiUK  iwhit  bj  3°  Irowt  tlui  irltWt  cr)ium««J  out. 


Neltlnjf.polntf. 

1 

9 

*  ' 

620O  . 

.  64-20?  , 

.  69-7" 

610     . 

.  63-0       , 

.  67*0 

46*0     . 

.  620       . 

.  64  5 

460     . 

.  61-7       . 

.  62  8 

406     . 

.  610      . 

.  62  6 

44-2     . 

.  64-5      . 

.  66  0 

k 
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glmoHt  wholly  decoropoRod  bj"  a  heat  of  3(M)''  C.  nnd  upward^  yirUIng  namercms  hydro- 
oirlxHis,  Bcrolcm,  with  its  produ<^8  of  docompusttion  (acrylic  add  and  aoetie  B^nAX 
nif)r<»  or  less  of  the  f.itty  acid  contained  in  thfglyceride,  and  a  re«ida«  of  dunmal, 
aiijounting  to  from  1  to  4  per  cent,  of  the  fat.  Wheo  a  fat  is  made  to  pass  in  drop* 
throngb  an  iron  tube  at  u  low  red  hejit,  it  yields  but  a  email  quantity  of  liqiuil 
producta,  but  is  for  th«  moi^t  piirt  rcsoivod  into  a  mixture  of  gase^  called  otly>*, 
pofls«88iog  greet  illntninttting  power,  and  cofisisting  of  carbonic  oxide,  hydn5B:en,  mafjih 
gaa,  olefiant  gas,  the  vapoum  of  two  en^pyrenrautic  oila  (probably  C*H*  and  C»H'*)  sud 
ben*«ne.  C»H* 

2.  Bji  oxidction. — Fats,  in  consoquonce  of  fJieir  higher  boiling-pointa,  reqoirp  a 
df foneer  hf«t  to  set  them  on  fire  than  the  grfater  nnmbfr  of  volatile  oila,  Thry  bum 
M-irh  a  very  bright  white  flame,  vhich  doposita  no  soot  unJesa  the  aupply  uf  air  it 
inKufflcipnt 

Fnta  likewij*  undergo  gradual  oxidation  by  expoimrc  to  the  air  at  ordinary  temp 
tnres.  This  ehftnge  tsikes  pliice  most  rapidly  with  fata  which  are  Uquid  at  the  me 
tr*mpemtiire  of  tlio  air,  and  the  fiird  oils,  when  they  tliickeOt  torn  rancid,  and  ■ 
times  undergo  npontjineoa«  combustion.  Ful<»  of  the  stftlrin  clnsn,  when  pure,  are  brt 
little  changed  by  exposure  tu  the  air,  Imt  when  mixed  with  oily  fats,  aa  g^nmllt' 
happens,  they  exhibit  alterations  similar  to  the  latter.  Some  fixed  oil*  dry  up  fcy 
nxidatinn  to  an  elastic  restnuiis  8ab8tan<%;  others  are  converted  into  a  thic^  greasy 
muss.  Hence  the  distinrtioa  between  drjfing  oUt,  mich  aa  linaeed  oil,  and  nrfi-ilrfinf 
t'ifM^  like  ntpe  and  oliv«  oils, 

The  thickaiing  of  fixed  oils  is  purely  an  effect  of  oxidation ;  bat  the  mici^ty 
which  many  oils  acquire  by  exposim'  to  the  air  appears  to  depend  in  a  great  meanuv 
on  the  presence  of  certain  az<^tised  eubstancca,  sucb  as  glutton  or  cellular  ti^nie,  wtiidb 
putrefy  on  exposure  to  the  air,  and  act  as  ferments  in  indacing  a  peettliar  kuif  of 
(kxwmposition.  (See  Oiiji.)  Accordingly,  animal  oils  arc  peciiliarlT  subject  to  mneidift. 
Oils  may  be  kept  from  turning  rancid  by  Appert's  process,  that  is,  by  pl&dng  Iwftlrt 
oomplet<"Iy  filled  with  tJieni  in  water,  keeping  the  water  for  sorae  hours  at  the  boittdg 
hi>«t.  and  closing  the  iKJtlles  tightly  wliile  the  besiting  is  continued. 

When  porous  substances,  such  aa  hemp  of  cotton,  are  saturated  with  fixed  oil^,  •• 
thiit  the  oil  prt'sents  a  very  large  mirfure  to  the  hit,  the  absorption  of  oxygen  uHkf 
place  more  quickly;  the  development  of  heat  which  accompanies  it  aeeel'eretes  the 
Tinwess;  this  again  prodnces  a  more  rapid  evolution  of  beat,  by  whic^  the  oxidnticqi 
IS  further  accelerated ;  and  at  last,  if  tiie  quantity  of  material  is  cnnBidcrnMc,  the 
temperature  rises  to  the  point  at  which  mpid  combustion  takes  place.  This  spoo- 
taneoua  combustion  of  fixed  oiltt,  which  ia  a  frequent  cause  of  ftrea,  takes  place  m<Jie 
readily  with  drying  than  with  non-drjang  oils.  It  may  take  place  in  internJs  vamag 
from  a  few  hoiurs  to  severnl  weeks,  when  coDsidenible  masBesof  hunp-blaci.  tow,  luhti, 
paper,  cotton,  calico,  woollen  stuffs,  ships*  cables,  wood-aahea,  ochre,  Ac.,  are  rflghrly 
Bo«iked  in  oil  and  packed  in  such  a  manner  that  the  air  has  moderate  access  to  tiienL 
(See  Qrabam's  Chemical  Sepori  on  the  Cause  of  tike  Fire  in  the  Steamship  '•  Amtm,' 
Chem.  Soc.  Qn.  J.  v.  3*.) 

3.  CUon'ne,  bntminc,  and  lorfme  decompoEC  fata,  forming  Bnbstitution*pn>dact«, 
which  have  been  but  little  examined. 

4.  Fuming  niiric  add  sets  fire  to  drying  oils.  A  mixture  of  this  acid  with  rtrong 
Hulphuric  acid  sets  flre  even  to  olein;  but  solid  fats  are  but  slowly  decompos«J  by 
fuming  nitric  acid.  When  fats  are  heated  fur  some  time  with  dilute  nitric  a«  id,  ttie 
pt^idueta  formed  are  the  same  as  if  a  mixture  of  glycer'm  and  the  fatty  acid  had  bef'S 
(iimikrly  treated,  the  glycerin  yielding  oxalic,  and  perhaps  also  acetic  acid,  and  ths 
fatty  acid  being  converted  by  progressive  oxidation,  first  into 'a  resinoiu  maaa.  tT  ~~ 
into  various  other  acids,  such  as  suberic,  pimelic,  adipic,  lipio,  succinic  acidic  I 
others,  differing  according  to  the  nature  of  tlic-  original  acid.  Olein  yielda,  tsadi" 
to  the  acids  above-mentioned,  several  volutili'  acids  of  the  series  OH'^O',  firtMO 
B.'id,  C'H*0=,  to  eapric  (U'id,  C'*H*0'.  When  weak  nitric  acid  acts  for  a  abuit  1 
only  on  fats,  the  oxidising  action  is  exerte<l  almost  wholly  on  the  glyeeryl,  the  fiilty 
aeiil  bein^T  set  free,  cccafionally  in  a  somewliat  altered  stat«. 

o.  Strong  iHlpknric  acid,  at  high  temperatures,  browns  and  blackens  fat^  eivinc 
off  sniphuroos  and  snmHtimes  funuicacid,  and  forming  a  rwiaooa  tnatter,  n  sUbstsDor 
like  tannin,  and  a  eoaly  sulstance,  all  of  which  appeaz  to  contain  sulphune  ttfHL 
Sislpburii!  acid,  gently  heated  with  twice  its  weight  of  fat,  sepantes  the  f*tty  aciii, 
and  forms  guJphiHflf/Otric  nnd,  C'I1*(.)'.S0'. 

6.  Ammonia  decomposes  the  glycerides  into  glycerin  and  the  amide  of  the  aad  eoB* 
tained  in  them  (Bertnelot,  Bauis,  RowneyX  e.g.x 

C'*H"0«  +   NH"  ^  C'H^O  +  CH'O* 

Bensolcln.  Brittun>d«. 

7.  S(»ppai/c<i/ion.— Glycerides,  as  alreiidy  observed,  are  decomposed    hj  cav 
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aihili4i  and  other  bydratrd  o3cidea,  yielding  glycerin  and  «  nit  of  the  fatty  acid,  oUJed 
A  »oep.  ThoB,  when  stiturin  is  «cted  upon  by  tiiuistic  potAsh,  the  prodact«  arv  ^ycmn 
•nd  Btearat«  of  pofassiTun, 

The  stronper  thehase,  the  lower  is  tho  temperature  at  which  the  sftjyN";*!  ■.»-'-i  rnny 
h»  effected     Cliiutie  alkalis  can  saponify  tnt-^  at  ordinaJT  teinp«ra.tur'  v  tf 

tlie  action  be  assisted  by  ogitiition;  weaker  baeies,  aach  as  oxide  ot  the 

iUkHlinp  carbonates,  require  a  boiling  heat,  and  vatsr  reqnirea  a  venr  high  tenipeni- 
ture.  such  KB  con  only  be  produced  under  inaraaed  presaure  or  by  the  use  of  suppr- 
heat«d  steam  (p.  886). 

At  a  temperature  at  which  the  tension  of  watcr-raponr  U  from  five  to  six  times  that 
of  the  atmosphore,  4  i>U.  Imc  suffice  to  saponify  complet<-Iy  100  pts.  fut  in  presfooe  of 
water  (M illy).  On**  pt  lim»-8oap  heatod  with  an  equal  wfipht  of  va\fT  and  -Id  tim« 
its  w««ight  of  olive-oil,  to  loo**  or  166°  C,  decomposes  tlie  oil  completely.    (Peloure.) 

Glycerides  m:vy  also  be  saponified  by  anh/drovs  an'dtg,  e,  g.  hy  lime,  baryta,  stron* 
tia,  and  oxide  of  lead.  When  tallow  is  henterl  with  j^  or  mtlhcr  more  of  its  weight  of 
quicklime  to  aVout  250°  C,  the  whole  of  the  fatty  acids  contained  in  it  are  conTcrted 
into  lime-soaps,  and  the  ma.%.s  treated  Mrith  wntwr  yields  glycerin.  During  the  saponi- 
fication, water,  acetone,  and  glycerin  an?  given  off,  amounting  to  2  or  3  per  cent,  of 
the  tallow.     (Pelonae,  Compt,  rend.  xJii.  1001.) 

When  a  glyceride  ia  boilctl  with  cjtcess  of  alkali,  the  product  is  always  a  neutral 
soap,  and  if  the  quantity  of  alkali  present  ia  lees  th.in  suffident  to  neutralise  the 
whole  of  the  fatty  acid,  part  ef  the  fat  remains  undecompo^e*!.  100  pts.  of  hojf's 
lard  require  for  complete  saponification  18  pts.  of  hydrate  of  potassium,  the  profluet 
then  consisting  of  neutral  stearate.  oleat«,  &c.,  of  potassium,  without  excess  of  either 
aeid  or  alkali ;  but^  if  100  pta.  of  lard  are  boiled  for  60  hours  with  9  pta.  of  hydrate 
of  potassium  and  a  small  quantihr  of  water,  a  homo^iieonfi  mass  is  obtained,  con- 
sisting of  neutral  stearate,  &c.  of  potassitim,  mixed  with  half  the  fat  in  its  original 
Btnto.  The  mixture  thus  formed  is  almost  wholly  soluble  in  alcohol,  and  dors  not 
furm  grease-spots,  a  property  on  which  the  power  of  soap  to  remove  grease-spota 
chiefly  depends.  The  same  mixture,  Ijoiletl  with  a  large  Quantity  of  water,  is  decom- 
posed into  soluble  soap  and  unaltenKl  fat.     (Chevreal.J 

Some  glycerides  arc  decnmpowd  when  heated  with  alcokd  in  sealed  tubes,  yielding 
glycenn,  and  the  ethyl-cthi>r  of  their  acid,  f.ff. : 

Monobutf  rln.  Butrnite  of 

etbjrl. 

but  most  glycerides  are  thus  decomposed  only  when  an  add,  such  aa  hydrochloric  acid,  is 
present,  or  a  quantity  of  alkali  not  suflBicient  to  aeutralise  the  whole  of  the  fatty  acid 
(Berthelot);  e.ff. : 

CH'^O*  +  KHO  +  2C'n»0    -    C'»n"KO'  4-  2[C'«FP»(C»n')0T  +  C*H»0", 
TrlitcarlB.  Ste»Tat^of  Sturatd  ofetbyl. 

pouttium. 

A  simple  fat,  when  saponified,  yields  glycerin  and  only  one  aeid ;  but  if  the  &t  i«  a 
mixture  of  several  glycerides,  which  is  generally  the  case  with  natural  iati^  each  of 
t  hese  yields  a  peculiar  acid  ;  so  thiit,  for  every  acid  yielded  by  a  fatty  mixtnze,  a  cor» 
responding  glyceride  may  be  supposed  to  exist  therein. 

To  ascertain  what  acida  have  been  obtained  by  the  saponification  of  a  fiit,  the  first 
thing  to  be  done  is  to  decompoee  all  the  soap-salts  with  dilute  sulphuric  acid,  and  then 
Bepnrat*  the  volatile  from  the  fixed  acids  by  distillation.  The  «everal  volatile  acida  is 
the  distillate  may  then  be  further  separati'd  by  fractional  distillation  ;  acetic,  butyric, 
and  valeric  acids,  better  by  Liebigs  method  of  partial  aaturation  with  potash^  and 
subsequent  difit  illation  (i.  260). 

To  separatn  the  fixed  aeid.s,  11  e  i  n  tz  (Pogg.  Ann.  hcciiT.  221)  dissolves  the  mixture 
In  Buch  a  quantity  of  alcohol,  that  nothing  separates  out  from  the  solution' at  0"  C, 
and  adds  to  the  boiling  alcoholic  solution  a  gtuintity  of  acetate  of  lead  sufficient  to 
convert  about  half  the  acids  into  lead-ealts,  the  quantity  of  the  crystallised  acetate 
required  for  this  purpoee  being  generally  almut  one-third  of  ihe  weight  of  the  acid 
mixture.  Any  precipitate  which  forms  at  the  boiling  heat  is  to  be  redissolved  by  a 
few  drops  of  acetic  acid,  and  the  solution  left  to  cool.  The  Hquid  is  then  filtered 
from  the  ealts,  whifJi  separate  in  tbc  solid  state,  by  filtration  and  pressure,  and  the 
fatty  acids  are  separated  from  bjih  the  dissolved  and  the  solid  lead-salts  by  snlphurie 
acid.  Tho  fractional  precipitation  ij«  then  to  be  repeated  in  the  same  manner  in 
both  portions  of  acid,  till  the  products  no  longer  exhibit  any  altemtion  of  melting- 
point  or  other  physinil  propertiea.  [For  CbeTreul's  method  of  separalion,  eee  bis 
"Rfchrmhes  surk's  corps  gnw;"  also  Om.  ▼ii.  233.]     The  separatioa  of  the  fatty 
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acids  is  on  the  wbole  a  leas  difficult  problem  than  that  of  the  &ts  theooMlTM ;  indeed 
the  odIt  way  of  obtaining  an  absolntely  pure  gljrceride  ia  toprodnM  it  aztifieiaUj  bj 
the  action  of  the  corresponding  acid  npon  glycerin. 

The  follovicg  is  a  list  of  the  fatty  adds  which  have  been  obtained  from  natnnl 
glycerides : 


1. 

Volatite  acidt. 

2. 

Fuxdadda. 

Butyric        , 

,   C<H«0« 

Lamostearic 

.  0"H»^ 

Valeric 

, 

.  C»H'«0« 

Cocinie 

.  C»«H>H)» 

Capioic 

.  C«H'«0« 

Myristio     . 

.  C'«H"0» 

Capi^lic     . 
Capnc 

.        .  C»H»«0» 

Benic?       . 

.  C»H»0» 

.   C'»H»0* 

Moringie     . 

.  C»H-0« 

Herde 

.       ? 

Linoleic 

.  C'*H«0» 

Sabadillic    . 

? 

Palmitic     . 

.  C"H«0» 

Crotonic 

.   C*H«0« 

HypogMc   . 
Maigarie     . 

.  C'«H»W 

Ricinic 

.       ? 

.  C"H»0« 

Oleic,  Ehudic^  and  Bieinoleio  C>«H>«0* 

Stearic 

^ 

^ 

.  C"H"0» 

Amchidie   . 

. 

, 

.  C"H«0« 

According  to  Heintz,  marine  acid  is  merely  a  mixtnre  of  stearic  and  palmitic 
adds ;  and  benic  add  is  identical  with  palmitic  acid. 

The  neutral  &t8  corresponding  to  several  of  these  acids  hare  not  been  obtained  in 
the  separate  state,  their  existence  being  merely  inferred  firom  the  formation  of  oat' 
responding  adds  in  the  saponification  of  mixed  fats. 

The  normal  glycerides  containing  acid  radicles  are  specially  descrit>ed  after  ths 
several  acids  (see  Acsrms,  Buttbins,  CHLOBHTnaras,  &c.).  The  add  giycerides 
(glycerophosphoric  add,  &c.)  and  the  glyddic  ethers  (p.  896)  will  be  described  m 
separate  articles.  We  shall  here  describe  the  normal  glycerides  containing  monatooiie 
alcohol-radicles,  of  which  the  following  have  been  prepared  and  analysed  by  Rebonl 
(Ann.  Ch.  Phys.  [3]  be  5;  Jahresb.  f.  Chem.  1860,  p.  462X  and  by  Rebonl  and 
Lonren90.    (Compt  rend.  liL  466;  Jahresb.  1861,  p.  674.) 

Glycerides  containing  Monatomie  Alcohol-radicles. 

Ethylin C»H»»0«        =  C»H»(C«H»)0«. 

Amylin C«H"0»         =  C»H»(C»H»)0*. 

Ethylchlorhydrin       ....  C»H"C10«     =  C«H«(C«H»)C10« 

Amylchlorhydrin       ....  C»H"C10«     =  C«H»(C»H'»)aO». 

Diethylin C'H««0«        ■ 

Ethylamylin C'«H»0» 

Diamylin C'»H»0« 

Diethylchlorhydrin    ....  C^H"C10»     ■■ 

Ethyl-chlorobromhydrin    .        .        .  C»H'»BrC10 

Triethylin C»H»0« 

The  glycerin-ethers  containing  1  at  of  a  monatomie  alcohol-radiele 
are  produced :  1.  By  the  combination  of  a  glyddic  eUier  containing  a  nMmatoaiia 
alcohol-radide  (p.  895)  with  H*0,  HCl,  HBr,  &c. ;  thus, 


C»H«(C»H»)'0«. 

C«H«(C^»)(C»H")0*. 

C«H«(C»H")*0». 

C»H»(C«H»)BraO. 

cm\cm*yo*. 


o» 


c*H"  ; 

Amyl-glfcidic 
ether. 


HH) 


(C»H»)' 
C*H'> 

Amylia. 


0* 


HCl 


(CH*" 

C»H» 

H 


in. 


(CH*)" 
C'H» 

Eihyl-Klyri.llc 

***"^^'-  BthfUchlor. 

hydrlo. 

2.  By  the  action  of  a  sodium-alcohol  on  monochlorhydrin : 

Chlorhj-drin.  Ethrlate  „  /V.' 

offddlum.  Etbylln, 


Olycerin-ethera  containing  2  at  of  a  monatomie  alcohol-radicle  we 
produced  by  the  action  if  uthyl-  or  amyl-chlorhydrin  on  a  sodiom-alcohol :  thiH, 


(CH*)"" 
C»H» 
H 
Etbyl-chloritjdrin. 


'is 


0 


C*1I' 
Na. 

AmyUte  of 
•odium. 


Naa     + 


^n 


o». 


C»H" 

H     } 
SttajrUamylin. 
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I>iethytiii  and  diamjlin  are  boveTor  more  couTeuiently  prepiuvd  bjr  the  nctioa 
of  the  •odiom-alcohoLi  ou  dichlorhydrin,  e.g.'. 

^gjo)  -         2NaCl 


H      {Ci«    + 
DIcblorlijikiii. 


Naj 

AmylMtvof 

sodium. 


H        j 
Dkainjlln. 


or  on  epichlarlijdrinf  io  which  ease  it  is  provable  that  a  glyddic  ether  ia  flnt  f<>rmed, 


(C»H*rC10 

Epiclilxr. 
hydrln. 


Amyl«U  of 
loOium. 


H.a    .     %^\0': 


Ant^tl-KlfciJic 
ether. 


and  tMs,  uniting  with  the  free  al«>bol  ii5iiall>  preaent  to  the  Bodiam-olcoholf  fonas  iha 
glj-cerin-ethw : 

H      j 


Arnit-vlj'cldlc 
Klbi-r. 


Ai?ivl> 
alcohol. 


Dlkriiylln. 


Diethjichlorhjdrin  is  produced  by  the  action  of  pontachloride  of  phosphorus  on 
diethjlinr 


■nd  this  oompoaad,  tre&ted  irith  etbjkite  of  uodium,  formB  triethyli  a  r 


0 


NaCl 


Triethjlia  may  also  be  obtained,  though  less  pure,  bjr  the  action  of  iodide  of  ethyl 
on  the  sodium-salt  of  diethyliii : 

CFH"!        -         Nal  +  ISStTIo". 


Na  J 


(CHYI 


The  methods  above  described  for  thp  preparation  of  the  ethyl-  and  amyl-dmvativcg 
of  glycerin  are  evidently  of  genurol  applicatiom.  Another  general  nK'tbod  of  prt-paring 
the  glycerides  in  which  all  three  atoms  of  the  typic  hydrogen  are  rt^placod  ty  alcohol- 
nvdick'S,  is  to  treat  a  sodium- alcohol  with  the  compound  resulting  from  the  union  of  a 
glycidic  ether  with  an  ordinary  monatomic  ether :  thus  fpiclalorhyilriiij  C*H*C!0,  bealfd 
in  a  sealed  tube  with  bromide  of  ethyl,  CH*Br,  fomifl  ethylchlorobromhydrin, 
(C*H»)'"   CI 

0 ;  and  this    compound  treated  with   2  at.  of  a  aodiom-alcohol  yields  a 
C^H*     )Br 
glyeerin-ethor  containing  3  at.  of  a  monatomic  alcohol-radicle,  e.g.: 


NaCl  ^-  N»Br  + 


0', 


•oJiiuD. 


(OH")' 

Etbjt-diAinyUa. 


O   + 
C'H*    JBr 
Ethjrl-fhloro. 
broinbjrdrln. 

Ethylin,  C*H'*0'.— Obtained  by  adding  chlorhydrin  to  ethyhite  of  •odium,  heat- 
ing the  resulting  mass  to  200'^  C.  to  eipol  the  excess  of  alcohol,  treating  the 
residue  with  water,  and  then  with  carbonate  of  potaasiain,  agitating  with  ether,  evapor- 
ating the  ethereal  solution  over  the  water-bath,  and  eubniitting  the  residue  to  repeated 
fractional  distillation.  It  is  an  oily  liquid,  boiling  between  223°  and  230<»  C,  loluble 
in  water,  and  precipitated  thert'from  by  carbonate  of  potxissium.     (RebouL) 

Ethi/l-chlorhi/driiL,  C*H"C10»,  obtained  by  agitating  ethyl-gly»iflic  ether 
with  fuming  hydroc'hloric  add,  ia  a  combustible  liquid,  having  a  pungent  peppery 
odour,  boiling  at  180'^  C,  insoluble  in  water,  Bomewhat  soluble  in  hydrochloric  acid, 
(Reboul.) 

Bifthtflin^  C'H'*OV  obtained  by  the  action  of  ethylateof  sodium  on  dichlorhydrin, 
is  a  liquid  whose  rapotir-density  is  by  obaenration  —  fi-22;  by  cnlcaLition  (2  vol.)  * 
6-14.    (RebouL) 

Bietki/ichlorhydrtn,  (7II'*C10*,  ia  a  liquid  of  specific  gravity  1006  at  17*  Q; 
insoluble  in  wnter,  miscible  with  alcohol  and  ttlien 


Ethytchiorobromht/drin,  C'^'W^BrClO,  IB  a  heavy  oily  liquid  boiling  between 
6^  and   188°,    insoluble  in  watf-r,  bnt    soluble  in  ail    prf>f>ortiona  in  ulcuhul  and 


186^ 
ether. 


u 


Obtained  by  heating  epichlorliydrin  with  bromide  of  elh^I, 
3  L   i 
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Triethytin,  (?H*0",  obtained  by  hefttang  dietbylchlorhydrin  with  ethykt^  d 
lodimn  to  120°  C^  evaporatiD^  the  excess  of  ulcohol  over  the  water^bat  h,  and  tratifi 
theremiue  with  w»t«r,  la  a  colourless  oil,  boiling  between  180°  and  190*  C,  insulublf 
in  wut4<r,  aoluble  in  alcohol  and  other. 

A  m  r//in,  CJ"H'*0*. — Rebool  obtained  thi«  componnd  by  besting  amjl-glyddic  < 


with  wtttcr  to  200*'  C.  in 


waled  tube  for  Beyeral  bo-in;    ^  c»hm  t^* 


C*H"0*.  Two  layers  then  form,  the  upper  of  which,  when  agitated  with  aquiwu 
carlmnat«  of  potaasiDin,  to  remove  woter,  then  distillod  and  repeatedly  rectifi«>d,  yiel<i» 
amylin  as  a  colourless,  thickish  Uqoid,  of  specific  gravity  0-98  at  20'^  0.  it  bams  with 
a  bright  flame;  boila  between  260  and  262°  C. :  is  nolable  in  water,  1  volome  of  it 
mixing  with  2  toI.  water,  but  not  witli  more ;  and  mixes  in  all  proporticois  with  efW, 

Amyl-chlorhydrin,  C*E"C10=  »  pH«(C*li»')C10»,  obtained  by  afitatiog 
amyl-glycidic  ethiT  with  fuming  hydrochloric  «cid,  is  an  oUy  liquid  of  spocifio  gnnty 
1*0  ut  20°  C,  boding  at  236=',  msoluble  in  water.     (RobouL) 

Amt/l-bromhydrin  and  Aviyl-iodhydrin  are  obtained  in  like  vuamn. 
The  latter,  which  is  produowl  with  riolent  action.  i«  a  heavy  liquid  baring  a  rvpulsire 
odoor,  and  not  volatile  without  decomposition.     (Reboul.) 

Diamylin  C'*II«0'  =  C»H*(C*I1")'0\  obUiined  by  treating  dichlorhydria  with 
amylate  of  »odium,  dissolving  out  the  resulting  cklorido  of  &c>dium,  with  water,  dis- 
tilling the  liquid  which  rises  to  the  »nrf»ce,  and  rectifying  the  portion  which  po«« 
over  between  275°  and  290^  C,  ia  a  strong-smelling  liquid,  of  !«j>e<^ii  '  ■  0-lK)7  «t 

ft**  C,  boihng  between  272°  and  274°,  insoluble  in  water,  not  n  y  potaall. 

Heat*'d  with  hydrochloric  acid  to  100°  C.  in  closed  vessels,  ityidiU  i.:iiu>riui«  dTatnyl 
(Ileboul.)  ^ 

Ethfflumyliru  C^WO*  -  C«H*(C'H«XC*H")0',  prepared  in  like  mannet  by 
the  nctiun  of  amylchlorhydrin  on  ethylato  of  podium,  is  a  liquid  of  specific  gnfity 
0*92,  boiling  between  238^  and  240°  C. ;  burning  with  a  bright  flame,  i&aolable  ia 
water. 

Polyglyoeiidea.  These  are  glyceridea  derived  firom  2  or  more  molecnles  of  i^y- 
cerin,  either  by  simple  dehydration  in  various  degrees,  or  by  dehydration  and  tlie  r^ 
placement,  of  the  whole  or  port  of  the  reniaining  typic  hydrogen  by  acid  or  alcohol 
ndicleo,  e.g. : 

*.  (CH»fJQ,     pyroglyceiin. 


2C'H«0»-H»0 


2C'H«0*+3C'H*0-4H«0 


2C»H«0»  +  2C'B*0  +  HCl  -  4H-0 


•iCHW+iC'H'O-eHK) 


(Cm'f  \  0».    Trietbyl-pyroglyceriii- 
H    J 


H 


Chlorhydro-di  ethyl-pyio- 
glycerin. 


Tetrethyl-triglyreriii. 


For  the  Bpeoiid  description  of  thpse  compounds  see  Gltcbbtx,  Htskatrs  of  (p.  i 

IM.-rC£m»r.      C»H»0»  =    t*^*^["|0'  =  (C»H»r.(HO)».       Prineipt  devx  4tB 

huilea,  OeUdts,  Othwkfr.     {Gm.  ii- 486.— liii  566;  Oerh.L763;  ir.  912.)— This 
substdnce  is  produced  from  most  of  the  fixed  oils  and  solid  futs  existing  in  the  b(  " 
of  pknts  and  animals  l:y  the  process  of  saponification,  that  is  to  say,  by  treuttDg  t 
fatty  bodies  with  an  idkali,  or  other  metulhc  oxide,  in  pros<enee  of  watrr,  or  with  i 
itfielf  lit  a  hif,'h  temperature.    It  does  not,  for  the  most  part,  exist  really  form«d  in 
natural  fats,  but  is  fonned  from  them,  together  with  a  fatty  acid,  by  addition  of  the 
elements  of  water,  just  &s  uleohol  may  be  produced  from  a«:-Aute  of  ethyL     In  short, 
gl  cerin  is  an  alcohol,  and  bears  to  tlie  f.ils,  stearin,  oleiu,  &e.,  tho  same  n-latlou  th*t 
ulcohfd  bears  to  the  cnnipr.>und  cthm*.     (See  Aix:oRoiJ«,  y ......  .   ..^^  GtScwauss.)   It 

wn*  JfsieoTeredin  177y  by  Scheole,  who  oltAined  it  in  tli^  ti  of  lead-plMtur  by 

sujKJuiiyinp  lard  with  oxide  of  lead.  Che  vreul  (ffrt-Afn/  ,'^rpa  itran  tF  o-r„ua* 

aniinah,  182.3)  afterwords  showed  thnt  it  is  n  constant  product  of  the  s*  f 

the  orrli miry  futs,  and  pointed  out  the  rtUtjons  just  mentioned:  und  i-^ 

searches  of  Berth  elot  (Aoti.  CL  Ph^«.  [3]  xli.  216)  on  tbe  ayuUMab  of  Uu  \tj  tk 
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(C»H»)*2CH»0)»0»; 


direct  action  of  acitU  upon  clyt^o'in,  bare  shown  that  this  body  is  a  triatomic  alcohol, 
in  which  I,  2  or  3  at.  of  hydrogen  miiy  be  replaced  by  acid  radicles,  produciiijr  fiitty 
or  oily  compound*,  some  of  which  are  ideatic&l  in  composition  and  propertica  with  tho 
oatunil  fat5,  stearin,  palmitin,  &c. 

Gtyctirin  oxitft8  ready  formed  in  a  few  vegetable  oils,  in  palm-oQ  for  example,  fi«m 
which  it  may  be  obtained  bv  simple  treatment  with  boiling  water.  Pa«tenr  lias  Bhown 
that  it  ifl  always  produced  m  the  alcoholic  fermentatioD  of  augar,  to  the  amount  of 
About.  3  per  conL  of  the  sugar  decomposed,  and  that  it  occurs  ia  all  fermented  bqux>r9, 
especially  ia  wine.     (Compt.  rend.  xlvi.  667  ;  xlrii.  224.) 

Artijictal  ^orwa/w/n.—Tribromide  of  atlyl  heated  with  aeetate  of  eilTcr  yields 
triaootin,  and  triacetin  treated  with  caustic  alktilis,  baryta-water  for  example,  yielda 
glycerin  {Warts,  Ann.  Ch.  Phys.  [3]  li  97) : 

C'H'Br'  +  Ag'(C»H»0)»0»     =     3AgBr  + 

Tr)bromlJ«  of         S  at.  acclatv  of 
oJIfl.  lUvef. 

and 

(C'H>nC'H'0)«0»  +  SBaHO     =     Btt\C*H«0)«0«  +  (C^»)"'H'0«. 

Trlacetin.  3  al.  •crtJrte  of  tNuium.  Glfcerta. 

This  reaction  does  not,  however,  afford  the  means  of  srnthetically  forming  glvcerin 
firom  inorganic  coDHtituents :  for  tribrouiide  of  ally!  baa  aitherto  been  obtuineu  only 
fmm  ludide  of  allyl  (iodotritylene),  wlifcti  in  its  turn  is  obtained  from  glycerin  itseli 
The  proccaa  i«  therefore  more  strictly  nnuIugoiiB  to  tho  formation  of  gljccrin  by  ordinal^ 
saponification  than  to  a  true  synthesis. 

Prt^ration, — 1.  B^  »apon(fictitunt  mih  oxide  of  Itad. — Five  pts.  of  finely  potmded 
litharge  are  heated  with  nine  pta.  of  olive  oil  or  any  other  glycende  and  a  tunuU  qnan- 
tity  of  water,  the  mixturo  being  stirrwi,  und  the  water  renewpJ  till  the  oxide  of  lend 
ia  converted  into  a  plaater  ;  the  watery  liquid  ii>  then  separated  £rom  this  plaster,  and 
freed  fipom  lead  by  a  Htrcam  of  ofalphydric  acid  gus,  and  tho  filtrate  is  eraporated  to  a 
•yrup  over  the  water-butL 

Por  many  years  oil  tho  plycerin  of  commerce  was  obtained  by  this  method;  but  it 
was  xer^  apt  to  retain  small  quantities  of  lead,  the  presence  of  which  is  veiy  ol^ection- 
able  in  any  therapeutic  application  of  glycerin. 

2,  From  the  alJcaline  nwiher-Hquor  of  the  »oap-work»  {from  which  the  soap  his  been 
aeporated  by  means  of  common  salt)^  by  neutralising  with  sttlphninc  acid  ;  removing 
the  exG«eiS  of  that  acid  by  carbonate  of  barium  ;  evaporating  the  filtrate  to  a  syrup; 
digesting  it  for  several  days  with  alcohol ;  senarating  the  alcoholic  liquid  from  the  aul- 
phnt(>  of  iioditim  wliich  enistuULses  out ;  decolorising  with  animal  charcoal ;  again  eva* 
poruting  tj  a  syrup;  exhausting  the  residue  with  strong  alcohol;  and  finally  era- 
lioraljriii;  the  fiiterod  solution  over  the  water-bath  (Eiegel).  Thia  process  is,  however, 
too  tixKiltlesonie  and  expeDsive  for  use  on  the  large  scale. 

Th(*  sopttTulion  of  glycerin  from  spent  wiap-lyes  may  be  more  economically  effected 
by  meiina  of  superheated  steam,  a  method  of  doing  which  has  been  patented  by 
H.  Reynolds  (lUtU  of  June,  18dt*).  The  liquid  may  be  first  reduced  by  evaporation, 
and  raisetl  nearly  to  the  boiling  poiint,  by  being  passed  through  a  heated  still- 
like vessel,  or  heated  in  any  other  convenient  ve^seL  It  i«  then  passed  into  a 
second  vessel,  where  it  is  met  by  a  jet  or  jets  of  suporheated  iteam,  at  a  teniji-nv- 
ture  of  3^0°  to  ^OtP  Fabr.,  which  raises  it  to  the  boiling  point  and  evapontes  the 
glycerin,  carrying  the  vapour  upwards  with  it,  and  leaving  tho  salts  to  depot^it  in 
the  Teasel,  li  greater  purity  is  rc>quired,  it  raiiy  bo  obtained  by  repeating  the  pro- 
oeM,  and  the  linle  colour  that  remains  can  easily  be  removed  by  animal  charcou  ot 
chlonne. 

3,  Frortn  the  ruidue  of  the  manufacture  of  tttaric  acid  for  eandlet.— In  this  process 
tallow  is  saponified  by  lime,  and  the  glycerin  separates  from  the  calcimn-salts  of  the 
£itty  acids  in  the  form  of  a  brown  liquid,  which  may  be  purified  by  evaporating  to  a 
syrup,  treating  the  residue  with  alcohol  as  above,  expelling  the  alcohol  from  the  fil- 
tereu  liquid  by  distillAtion,  digesting  the  solution  with  oxide  of  leitd.  till  a  portion  of 
the  oxide  is  dissolved,  then  filtering  and  removing  the  lead  by  sulphydric  acid.  The 
object  of  tliia  treatment  is  to  free  the  glycerin  from  a  peculiar  acid  which  is  prt>- 
dueod  during  the  saponification,  and  forms  with  lend  an  insolulite  basic  salt.  The 
liquid,  ai\er  being  trfuttnl  with  suljihydrit;  wcitl,  has  merely  a  )<light  yellowish  tint^ 
which  may  be  completely  removed  by  animal  charcoaL  It  ia  then  concentrated  by 
evaporation. 

A  process  better  adapted  for  preparation  <ra  the  huge  scale  is  that  of  M.  Cap.  The 
liquid  oontainitii;  the  glycerin  from  lime-saponiflcation  is  concentrated,  and  afterwards 
lre«t<(l  MTth  Eiulphuric  acid  to  remove  the  remaining lime«  It  is  then  boiled  andagita- 
le*l  in  a  dose  vessel  to  exfwl  vohitilpfuttvaeidn,  b-ft  to  cool  when  it  has  attained  the  den- 
sity of  1-(J7  (H'^of  Twaddeirs  hydivjin<'ter ),  then  rendered  neutral,  if  uect«*Ary,  by  the 
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•ddit  ioD  of  carV>nat<»  of  lime.  After  this  the  boiling  ie  reaeired,  «nd  contixiaed  ( 
liquid  marks  37  5*=*  Tw.  (8p<'cSfic  gruvity  1187),  ▼h<Mi  it  in  again  cooled,  and  i 
ther  deposit  of  aulphiite  of  lime  remored  hr  filtmtion.     Finally,  the  liquid  is 


trated  by  evaporation  to  49^  Tw.  (speciBc  gniTity  1-246),  and  jwaatd  throng 
animal  ehunoal  to  romore  the  eoloar.     This  rc<la<»9  the  density  to  46^  Tw.  i 


(' 


gravity  V2'2-i\  but  by  careful  confentration,  a  fourth  part  of  the  water  may  I 
morac,  and  the  density  raised  to  61-2°  (specific  gravity  1-256). 

Thii  method,  when  properly  carried  out,  yielJjj  a  very  pore  product,  Imt  it  it  t«aR» 
what  complicated,  and  unless  great  rttt^-ntion  is  paid  to  every  part  of  it.  small  qiuBtttict 
of  lime  arc  apt  to  remain   in  the  glycerin,  rendering  it  ti&dt  fur  many  pnrpoaM^  < 
cially  for  use  in  medicine  and  phannuey. 

3.  By  heating  mutral  Juts  mth  tt<rier  or  tdth  steam. — This  b  th«  only  imofa 
able  method  of  obtaining  glycerin,  inasmuch  as  it  aJono  ensure*  the  entire  ahi 

mineral  imparities.  It  was  first  carried  out  by  Mr.  Tilghman  in  the  fblluwio^  i . 

The  fut  or  oil  having  been  thoronghly  mixed  to  an  emnlsioo  with  about  half  its  I 
of  warm  water,  is  forced  by  a  piiinp  through  a  long  coil  of  stroug  iron  tabingbi 
to  abont  th«  temperature  of  meiti'd  leud,  the  pomp  being  worked  at  *uch  a  ntrl 
the  liquid  may  occupy  iilwut  U-n  minut4-a  in  travidling  through  the  coiL  On  Msnfa^ 
from  the  coil,  the  liquid  separutes  into  two  layers,  the  npper  of  which  eonsiata  of  the 
fatty  acid,  aud  tbe  lower  of  au  atjueous  solutiou  of  glycerin,  which  require*  only  to  U 
concentratofi  by  erapnrutiod. 

This  process  is  very  simple,  and  is  capable  of  yielding  very  pUN  producta.  It  hai 
not,  however,  been  carried  out  on  a  very  Ltrge  scale  in  the  f.>rra  ju«t  described,  bat  tt 
appears  to  have  led  to  the  invention  of  the  method  by  wtiieh  nearly  all  the  pun 
glycerin  of  commerce  is  now  obtaiaed,  viz.  the  decomposition  of  the  lata  by  disUlU* 
tion  in  an  atmosphere  of  superb  eated  steam. 

The  distillation  of  fatty  bodit^ii  and  the  introduction  of  dteam  into  the  appsntw 
was  first  soggested  by  Chevreul  and  Gay*Luasac,  in  1825.  aud  the  proceae  WM  aftc^ 
wards  curried  out,  with  various  im{>rovement«  ruid  modiliciitiune,  by  several  dlMiiitt 
and  mfinufiictur»'r«i.  both  in  tliin  country  and  in  France.  But  ail  these  prootaiM  hti 
for  their  specisl  object  the  preparation  and  pnrif  cation  of  the  fat  acida,  noC  of  Ikf 
glycerin  ;  indeed,  the  ttunperulure  employed  was  genersdly  so  high  that  the  glytnii 
was  completely  decomposed,  giving  off  iDt<?n«ely  acrid  fumes  of  acrolein,  luid  lftiria|Ct 
charred  residue.  The  distillation  of  fat«  in  an  atmosphere  of  eti'am  in  fuch  a  nuuiMf 
as  to  obtain  the  glycerin  as  well  ats  the  fatty  acids,  was  first  effected  by  the  pntrm 
above-mentioned,  pntented  by  G.  F.  Wilson  and  G.  Payne  on  the  24th  "of  July,  11' 
The  process  is  as  follows  : 

An  ordinary  »till  and  condensing  or  refrigerating  apparatus  is  employed,  prrfn* 
bring  irtven  to  one  with  an  ample  refrigerntiug  surface.  The  bottom  of  the  still  u 
lifiited  I'V  A  tire  provided  with  a  damper  to  tbe  flue  or  chimney,  that  the  eaaleau 
may  not  be  heated  above  the  desircil  tompfraturo.  In  charging  a  still,  a  qnaatlty  of 
Jieutml  or  pftrtially  neutral  fiits  is  ictroduoed  into  the  heat«<l  still,  and  heated  stssa 
is  introduced  below  the  fat*  or  oils,  so  ss  to  ri«e  up  through  them  in  numwnmf 
streams,  care  being  takm  that  the  temperature  of  the  mutters  in  the  still  shall  not  ris« 
to  the  tenii»eratnre  which  will  decomp<i»e  the  glycerin.  A  thermoTneter  is  intcTted  iu 
the  utill  tri  indicate  the  temperature  of  the  confentw,  and  it  is  desirable  in  aU  cases l  "^ 
neutral  fats  and  oils,  to  keep  the  heot  bolow  600**  and  al^jve  5oO°  Fahr.;  the  glyci 
is  then  not  decomposed,  but  comes  over  very  pnre.  When  the  fat*  or  oils  are  only 
partially  neutral,  which  is  very  commonly  the  case  with  palm-oil  the  draogfat  of  !l# 
fires  may  be  quickeniMl,  and  the  process  hastened  so  lung  ns  iliere  ar»*  fat  acids  in  U>t 
still ;  but  as  soon  as  the  fat  acids  have  passid  over,  if  (he  tempcratare  't»  much  sbon 
$tXy  Fahr.,  Rcrolein  will  probably  be  forme*!,  particulurly  if  steam  l>e  not  frK'ly  sij 
plied,  its  pnxhiction  being  quickly  indicntod  by  its  pungent  smeU.  Lnd  its  actiMi 

the  eyofl  of  persons  near  the  condenBer     Churgw  have    nevertheless  Imh-h  workedl 

at  higher  temperatures,  keeping  up  a  very  plentiful  RUpply  of  t«team,  and  iho  plyci-na 
has  not  Wen  decomposed;  still,  there  in  no  superior  result  obtjuued,  whilst  therv  u 
greater  hazard  of  decomposing  the  glyeerio. 

It  is,  however,  most  convenient  to  retain  the  csntents  of  the  still  rather  under  tfaaa 
above  600°  Fahr.  (keeping  up  a  free  supply  of  st-eam)  during  the  -n'  -' 
whether  the  fata  or  oils  W  neutral  or  partinliy  neutral.  The  external 
Rt«-ly  under  the  BtUl  should  be  very  modenifc,  the  heflte<l  steam  adm 
pttU  being  cljiefly  depended  on  for  muiutaiuing  the  higher  tt;nip«mrurew  Ditfcnsul 
Dentrul  fatty  and  oily  stiUsluncee  appear  to  vary  in  some  degree  but  not  to  a  grrftt  ex- 
tent, in  regard  to  the  tempt^rature  at  which  they  may  bo  distilled  must  quickly  ia  afl 
atmosphere  of  stoam  without  de<'om[io*!ing  the  glycerin. 

"When  a  still  wi(h  a  refrigerator  or  couiler'<er  in  successive  compartments  is  Uwd, 
•Bch  provided  with  a  cock  to  Ji-iw  off  the  distilled  and  cotuUniseil  pn>du<  tr,  w[(ieh  i*  lU 
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■MMt  oonTonient  lUTangMneDt,  it  is  fonnd  th^t  tlic  prodocte  vhich  flow  from  the  hottest 
of  the  coadeiuera  am  for  the  mest  part  free  from  water  utMl  glycerin,  the  greater  port 
of  the  glycerin  passing  off  with  the  pnxlucta  which  condeniw  in  the  eompartmcnt*  of 
the  condenser  more  dlstunt  from  the  Ktill,  whore  the  teroperatar^  is  lower; 
and  in  all  the  reoeivora.  the  fat  aculs  quicklj  separ.it*  from  the  glycerin  and  wat«r, 
when  allowed  to  stand  and  cool  for  a  ahort  time.  The  corapartmcnt  of  the  condenaer 
most  diatant  from  the  still  is  open  to  the  atmosphere,  no  pressure  being  neceaasry 
within  the  Rtill  and  coudenaer. 

When  the  f;lyceriii  if  required  in  a  more  concentrated  rtate  than  it  ij  when  it  comei 
OTcr  and  is  conden9i>d,  the  water  ooQtained  in  it  may  be  more  or  leas  aeparated  by 
evaporation. 

The  process  of  distillation  juat  described  may  also  l>o  eropbyed  to  purify  gljrceria 
preDared  by  either  of  the  old  processes,  such  as  sapoaiflcatton  by  lime  or  oxide  of 

For  the  description  of  various  forms  of  apparatus  for  distilling  fats  with  superheated 
vteam.  see  liichardson  and  Wattia  Chemiau  Tecknologt/,  i.  part  8,  p.  754. 

4.  Laatly,  glycerin  may  be  separated  firom  fiits  by  the  action  or  hjfdrochlorie  add, 
Wlien  cantor-oil  is  dissolved  in  absolute  alcohol,  and  hydrochloric  acid  ^  a  paMcd 
through  the  heat^ed  Holotion  for  some  time,  and  the  liquid  is  a^tatcd  with  water,  an 
aqueous  solution  of  glycerin  is  obtained,  surmonnted  by  an  oily  liquiiL  On  decanting 
the  watery  liquid  with  a  siphon,  evrtporafiai^  to  a  syrup,  and  treating  the  residue  with 
ether,  that  liquid  dissolves  out  th©  fatty  acids  of  the  castor-oil,  and  loaves  the  glycerin 
(Boohleder,  Ann.  Ch.  Pharm.  lix.  260.) 

I^ropfrtifs. — Olyeeriti,  concentrated  as  much  as  possible  by  evaporation,  is  an  un« 
erjBtallisable  lyrupy  liquid,  colourlexw.  inodorous,  sweet  to  the  ta.Ht«,  neutral  to  tt'st- 
p«per.  Its  8peci6c  pravily  is  1260  at  Ifi-fio  C.  (60°  F.)  When  it  is  distilled  per  #-•. 
only  a  small  portion  passes  off  undecomposed,  but  io  an  atmosphere  of  steam  it  distib 
witJiout  decomposition. 

Glycerin  dissolves  in  tpatT  in  all  proportions.  The  following  table  exhibits  the 
ipedfic  gravities  and  freezing  points  of  aqueous  soluLiuna  containing  different  per- 
oentagM  by  weight  of  glycerio. 
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Olrcerto 
per  c«nt. 

grairitjr. 

Glrcrin 
per  eeat- 

SpeeiBc 

10 
20 
30 
40 
60 

10'24 

i-o;)i 

1075 

I'la- 

-2-5» 
-6° 
-17-5^ 
-31 '340 

60 
70 
80 
90 
94 

1  169 
M79 
1  120 
1  232 

1241 

1  l>olnw 
h-36    C. 

"When  an  aqiiTOua  solution  of  glycerin  freezes,  only  a  portion  of  the  water  passi-a 
into  the  «)Hd  stute,  while  a  more  concentrated  solution  of  glycerin  sdlJ  remains  liquid 
(Fiibiiin.  Bingl,  poL  J.  civ.  345.) 

Qlyceria  disholres  also  in  all  proportions  in  alcoh>l  and  in  chJ-oroform,  but  is  insolo- 
ble  in  rihrr, 

Olycrin  dissolves  iodine  in  large  quantity,  forming  an  orango-yi'llow  solution, 
wifhont  dpi'Oinposition.  Aqueous  glycerin  dissolves  ar$mioM  rn-td  more  abundantly 
tlinn  pure  water,  the  solution  depositing  part  of  the  acid  un  standing,  and  more  quickly 
when  t»oiled,     (Schiff,  Ann.  Ch.  Pharm.  cxviiL  80.) 

With  (/artfta,  istrwitia,  and  limr,  glycerin  forms  compounds  soltible  in  water  and  not 
precipitated  by  carbonic  add.  Even  in  the  aubydruos  state,  it  dissolves  eonsidemlile 
quantities  of  ptjlagk  and  tfida.  It  dis»»lTes  all  d'/i^n-Kei-nl  stUt*,  and  many  othens  r.^, 
the  Hulphatrg  nf  potaminvi,  KMliiitn,  and  cupptr,  the  r/dtiridj h  of  puttiMtunt.  and  todinm^ 
tic.  Aqueou5  and  even  anhydrous  glycerin  diewolves  ariflr  of  lead,  and  consequently 
does  not  preinpitate  a  solution  of  basic  acetato  of  lead.  Other  bodie«,  iuRoluble  in 
water,  iire  not  dissolved  by  anhydrous  glycerin  (Pelonze).  S-tuiuichhrride  of  irtm 
mixed  with  a  larg«  qnantity  of  W'^''"t»  is  not  precipitateii  by  ajJcolis  or  alkaline  sul- 
phides (H.  Rose).  Sulphotr  of  cppfr  mixed  with  glycerin  form's,  with  a  small  qium- 
tity  of  potiish.  a  precipitate  which  dissolves  lo  exeexH  of  potash;  but  the  resultin};  blue 
eohitiotj  decomposes  below  100°  C„  dej^iositing  bluish  flakes. 

Glycerin  dissolves  the  vrgetahU  acid^t.  and  di*»r>]To«  or  suspends  the  vtgrtabtc  alka- 
liiids'm  the  same  manner  as  aqueous  liquidi",  the  resulting  prwluets  being  available 
for  the  jiunie  purposes  a.s  thoo;sh  mixod  with  oil.  Tlin»*  tlie  salts  (f  itntrpkine  dis««olve 
ill  it  completely,  even  eol<l,  in  all  pnj|L>orli«n!i.  Sidpfmd  if  quinine,  in  the  proportion 
of  oue-k-nth,  dissolves  iu  it  when  hot.  but  when  otld,  twparates in  dots,  which,  wheu 
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trtnratod  with  the  Bupernatant liquid,  give  it  the  consistence  of  a  wnte,  rtrv  tumAiI  te 
frictions  and  embrocations.    It  is  the  8am»»  with  the  salts  of  bntcitu,  strj/cJutine,  r— -- 


trine,  and  most  preparations  of  the  same  order. 

Uses. — ^The  solvent  powers  of  glycerin,  its  unctnons  character,  and  its  propeorty  of 
remaining  liquid  even  at  low  temperatures,  together  with  its  perfect  harmltMsneeai, 
render  it  a  valuable  agent  in  pharmacy,  as  an  excipient  for  various  substances,  and  for 
many  other  purposes,  as  in  the  preparation  of  cosmetics.  It  is  used  also  for  mixing 
with  soap,  forming  the  "  glycerin-soap  "  recommended  for  softening  the  skin.  It  has 
been  found  very  useful  as  an  outwaid  application  in  skin-diseasea  and  inflammations 
of  the  mucous  membranes  of  the  nose,  mouth,  &c.,  and  has  been  used  in  diseases  of 
the  eye  and  ear,  and  as  a  substitute  for  cod-liver  oil  in  the  treatment  of  phthisis ;  but 
its  efficacy  in  these  latter  cases  is  not  yet  satisfactorily  proved. 

Glycerin  may  also  be  used  for  preserving  articles  of  food,  especially  those  wliich 
require  to  be  kept  moist,  as  sugar,  fruits,  chocolate,  &c.,  enclosed  in  tin  cases.  Meat 
keeps  well  in  it,  retaining  its  flavour  and  softness.  A  very  useful  application  of  it  is 
to  mix  with  tobacco  for  the  purpose  of  keeping  it  moist. 

BarreswU  recommends  the  use  of  glycenn  for  keeping  modelling  day  nMnsL  It  is 
also  useful  as  a  solvent  for  gum-arabic  and  white  of  egg,  the  solutions  remaining 
unaltered  for  a  long  time,  and  for  aniline-videt  {aniUiru  or  indisine) ;  the  solubility 
of  this  colouring  matter  in  glycerin  has  not  been  exactly  ascertained,  but  it  appears  to 
dissolve  more  freely  in  that  liquid  than  in  alcohol  or  acetic  acid.  (C.  Gr08-£enaad, 
Rip.  Chim.  app.,  1869,  p.  427.) 

Am  ado  n  (Technologiste,  Januaty  1868,  p.  191),  describes  a  process  of  madder- 
dyeing  with  the  aid  of  glycerin.  Alizarin  and  alcoholic  madder-extract  dissolve  in 
glycerin  even  in  the  cold ;  at  higher  temperatures  more  qaickly  and  in  larger  quantity, 
so  that  the  liqmd  acquires  a  deep  scarlet  colour.  The  alcoholic  extract  of  madder  doe« 
not  yield  any  deposit  on  cooling,  or  on  addition  of  water,  but  the  solution  of  alizarin 
in  glycerin  deposits  red  flocks  on  being  mixed  with  water. 

M(»srs.  Vasseiirs  and  Houbigant  have  patented  (May  21,  1858),  the  application  of 
glycerin  for  the  preparation  of  ink,  paper,  and  other  materials.  Glycerin  diluted  with 
four  or  five  times  its  weight  of  water,  imparts  to  paper  the  peculiarity  of  rctainbg  a 
permanently  damp  condition,  so  that,  in  taking  copies  of  letters,  &&,  written  on  paper 
BO  prepared,  pressure  and  damping  of  the  copying  paper  will  not  be  required.  The 
writing  paper  may  be  prepared  either  by  introducing  glycerin  into  the  pulp  of  which  it 
is  to  be  manufactured,  or  by  damping  it  therewith  after  it  has  been  made  up  into 
books  or  otherwise.  Or,  ink  may  be  prepared  or  combined  with  glycerin,  sad  writings 
effected  with  the  ink  so  treated  will  remain  for  a  long  period  m  a  sufficiently  damp 
state  to  allow  of  copies  or  impressions  being  taken  without  pressure  or  damping  of  the 
copying  paper. 

Glycerin  may  also  be  employed,  instead  of  common  salt,  for  preserving  untanned 
skins  and  hides,  especially  when  intended  for  exportation,  and  therefore  requiring 
rapid  means  of  applying  a  preserving  agent.  Paste,  cement,  mortar,  mastic,  and  other 
matters,  especially  when  intended  for  daily  use,  may  be  treated  with  glycerin,  in  onW 
to  keep  them  in  a  suitably  damp  condition  ;  this  treatment  will  also  have  the  effect  of 
preserving  them  from  frost  Vesicatory  or  blister  paper,  lint,  and  textile  fabrics*, 
particularly  cloths,  rags,  and  bandages,  intended  for  medical  or  surgical  purposes, 
may  be  treated  with  glycerin  to  render  them  absorbent. 

As  glycerin  never  freezes,  and  is  not  altered  by  exposure  to  the  air,  it  may  be  ad- 
vantageously applied  as  a  lubricator  for  delicate  machinery,  such  as  clockworic  For 
this  purpose  it  is  superior  to  the  purest  olein  or  oleic  acid,  the  lubricants  commonly 
used,  as  the  former  thickens  by  oxidation,  and  the  latter  solidifies  at  a  few  degrees 
below  the  freezing  point  of  water.  It  may  also  be  added  to  the  water  of  gas-meterH  to 
prevent  freezing  and  evaporation.  The  introduction  of  a  few  drops  of  it  into  the  tube 
of  a  mercurial  pressure-gauge  is  said  to  prevent  the  mercury  from  sticking  to  the  sur- 
face of  the  glass,  and  thus  enable  it  to  record  the  pressure  more  exactly.  (Friedheim, 
Dingl.  pol.  J.  clxvi.  237.) 

Lastly,  it  is  well  adapted  for  filling  the  floating  compasses  used  on  board  screw- 
steamers,  being  preferable  for  that  purpose  to  water,  alcohol,  or  fluid  tar,  the  liquids 
hitherto  employed,  because  it  neither  solidifies  in  cold,  nor  evaporates  in  hot  climates. 
(Santi.  Compt  rend.  li.  1093.) 

Impurities  and  Adidterations. — Glycerin  prepared  by  the  older  methods  (1  and  S, 
p.  876)  is  apt  to  be  contaminated  with  small  quantities  of  lead  or  lime.  TTie  former 
may  be  detected  by  sulphydric  acid ;  the  latter  bv  dissolving  the  glycerin  in  its  own 
volume  of  alcohol  containing  1  per  cent,  of  sulphuric  acid,  in  which  case,  if  lime  is 
present  a  precipitate  will  be  formed.     (Cap,  J.  Pharra.  [3]  xxv,  81.) 

Glycerin  prepared  by  distillation  is  free  from  these  and  all  other  mineml  impurities ; 
but  the  great  extension  which  has  of  late  years  been  given  to  the  industzial  applications 
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of  thin  oomponnd  has  lad  to  the  prtcticv  of  ndulterating  it  witli  ruioofl  kinds  at 
■agar.  This  adulteration,  ervn  if  it  amounts  t<.)  tbreu-fourths  of  the  entiro  liquid,  in  not 
esiiily  det£4:ted  by  oniinmy  obeervHtion,  fiLnce  the  aagur  does  not  &lt«r  eiUter  the  ta»to 
or  the  «yTup7  cbarartPT  of  the  glycerin ;  but  it  muy  always  lx»  di«H>Ter«l,  whatftTiT 
the  kind  of  sugjar  oinploytHi  for  aault«mtion.  by  ejuuiaiDg  tho  liquid  with  poIarL<MMl 
light,  in&smach  aa  all  kijida  of  ffugnr  (ex(T[>ting  iQaniiit«,  wluch  is  too  costly  fur  the 
parpoee)  turn  the  plane  of  poLirisation  eiLht.'r  to  the  right  or  to  the  left,  wheresA  gly- 
cerin is  totally  destitute  of  optical  rotatory  power.  The  only  kinds  of  sugar  likely  to 
be  VBed  for  adolteratiog  glycerin  are  cane-sugar,  ttarch-siigar,  and  syrups  containing 
unafyttalUsable  fiugnr  (p.  864).  The  two  former  of  thrae  sugars  tarn  the  plane  c^ 
polanntion  to  the  right,  though  in  ditforcnt  degrcee ;  the  third  tumii  it  to  toe  left ; 
inoreoiTer  cane-sugar  when  boile.!  for  about  ten  minutes  with  one-tenth  of  its  volum« 
of  strong  hydrtwhloric  acid,  i»  «n  verUd,  that  is,  conrerted  into  UcTo-rotatory,  uncrystalli* 
sable  sugar  (p.  804),  wbt^rcAS  staxch-«i3gar  (dextroglncose)  remains  onalteredwhen  thus 
treated.  The  <.lircction  of  the  rotatory  power  posoessed  by  the  solution  before  and  after 
treatment  with  hydrochlorio  acid,  Berrea  therefore  to  distinguish  between  these  two 
kinds  of  eiigar.  The  optical  method  serrps  also  to  determine  the  quantity  of  either 
kind  of  sugar  tised  to  adulterate  the  glycerin  ;  but  for  the  mode  of  applying  it  for  this 
purpose,  we  must  refer  to  the  article  SAOcuAiinniTRr. 

Another  method  of  detecting  and  estimating  either  kind  of  sugar  in  glycerin  is  by 
means  of  cUorofartA,  in  which  glyeeriQ  dissolves  with  ease,  whereas  cnne-suiiur  and 
glucose  are  quite  insoluble.  The  h'quid  is  first  heated  to  expel  thr  water  oontaitied  in 
it,  then  mixed  with  chJoroforra ;  the  whole  is  then  poure«l  upon  a  tarwl-filtcr,  and  rf- 
peatedly  washed  with  chloroform,  after  which  the  iiiter  with  its  contents  is  dried  at 
100°  C.  and  weighed.     (Palm,  Zeitschr.  anal.  Chem.  1862.  p.  486.) 

'ITie  presence  of  glucose  Tnay  also  be  detected  by  boiling  the  liquid  with  caustic 
po<;ff^A  or  «o(/a ;  if  cTuccM?  is  present,  a  brown  colour  will  be  produced,  \t '  '   ' --rin, 

either  pure  or  adulferat»'<i  only  with  cane>6ngar,  will  not  ppofluoc  xh.  sip; 

Palm  ).     According  to  Palm,  the  presence  of  cane-mipar  may  lie  delfvli  .     ;;:ii  n 

drop  or  two  of  dilHtt  suiphurie  acid,  and  heating  lh»'  li(]uid  in  the  wattT-bitb  t.ll  all  t  Im 
water  is  expelled;  if  cane-sugar  is  present,  the  liquid  ultimatx^ly  bhifkL-ns,  an  effix*t 
which  is  not  produced  by  glyetrin,  either  pure  or  containing  only  glucose 

DiTrnnpimitiong. — 1.  Gl3'C<*riu  dintillwl  prr  jc  piissea  over  partly  unaltered;  V>ut  the 
greater  portion  suffers  decomposition,  yielding  acrolein,  acetic  acid.  cmpyr«'umntie 
oil,  «<mbuj!tible  gus,  and  carbonic  anhydride,  together  with  poljglvcrTic  cutjqxmndt 
(p.  894).^2.  Distilled  with  phnsphorie  anhifdridt,  it  yield*  a  diatilliite  uf  puw 
acroh-in  (C»H<0  -  e*H*0*  - 'iMK)).— 3.  IHstiUed  with  and  ndphau  ,/ pc/aft,<nw, 
it  a]«o  yields  acrolein,  but  mixed  with  acrylic  a^rid  and  other  seeotidnry  pntloctu, 
likewine  giving  off  sulpliurons  anhydride,  und  Iciiving  a  carbonaceous  residue. — 
4.  Wi'ii  free  access  of  air,  plycerin  bums  witli  a  clear  flarae  like  an  nil.  —6.  Anhy- 
drous or  nearly  anhj'drous  glycerin  ia  coutat't  with  platiutuu-fAa'k,  b^'cows  h<  tited, 
gives  off  a  slightly  ncid  vapour,  and,  acconlinj:  to  Dt'.beri-imT,  is  wnverted  into  a 
non-volatile,  uncrj-stallisable  acid,  which,  with  aid  of  heat,  reduces  mercumus  nitrate 
and  nitrate  of  pilver.  If  the  experiment  be  made  in  oxygen  gMfs  over  nurcury, 
complete  absorption  tiikes  place  in  a  few  hours,  the  ^ame  ncid  i.<  fonncd.  but  is  ull'i- 
mafely  convened  into  water  and  carlionic  anhvdride.— 6,  IMien  the  aqueous  solu- 
tion of  glycerin  is  evaporated  in  contact  with  the  air,  a  brown  substance  is  tbrmed 
which  is  precipitated  by  basic  acetute  of  lead. — 7.  Glycerin  is  rapidly  deccirajxjtted 
hj prroxide  of  vumgam»t  and  hifdrochlorie or  eulphvric  and,  yielding  carb^mic  anhydride 
anu  a  larpe  quantity  of  formic  ncid. — 8.  Glycerin  i^  oxiiiised  by  ttitric  acid,  the  nature 
of  the  products  varying  accordin^  to  the  mnnner  in  which  the  action  t-nkos  pinoe.  If 
it  be  moderated  by  external  cooling.  «nd  by  i^arvfully  pouring  the  nitric  acid  to  the 
bottom  of  the  aqueous  glycerin,  so  that  the  liquiile  may  mix  gradually,  the  chief 
products  are  oxalic  acid  and  glyceric  ncid,  C*H*0*  (p.  876).  "WTien  syrupy  glycerin  is 
added  by  drops  to  a  mixture  of  equal  volumes  of  strong  nitric  and"  sulphuric  ucJdjji, 
cooled  by  a  freezing  mixture,  a  substilution-prfKluet,  nUrogh^crrin,  C*H\NO')*0*,  is 
formed.^ — 9.  Glycerin  ditwolved  in  a  largequantity  of  water,  and  exposed  to  the  air  for 
seyeral  months  in  contact  with  well-washed  yo*/,  trives  off  a  few  ga»i-bubbles,  jiiid  is 
converted  into  propionic  acid  (Eedteubacher). — 10.  A  mod«-rutcly  conctntrMfrd 
aq«eou8  siolution  of  glycerin  (1  pt,  glycerin  to  10  ptj.  water)  exposed  to  diffiuietl  dny- 
light  i«  an  open  flask  in  contact  with  certain  ammal  mentbranr$  (the  memlimnc  of 
the  testicle  answers  best),  is  converted,  in  an  interval  rarj-ing  from  one  to  twelve  weeks 
into  glucose  (3erthelot,  p.  867).  Glycerin  gently  healed  with  Af/f/r/irrri^|w<fl<««M»i 
is  converted  into  acetate  and  formate  of  potassium,  with  evolution  of  hydrugCiu: 

C'li*0»   +   H"0  ^  C-H'O'  +   CH'O*  +  H*. 

I!.  "With  cvprtc  acttate  or  tu/phat*-,  glycerin  forms  s  deep  blue  liquid,  which  deposits 
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to  the  iniAllnt  poanble  qoftutity  of  tihcr:  the  solution  u  rvpestedlv  ■hnVrn  wifli  war« 
tilt  the  wnter  no  longiT  r«Kld4>Ds  litmas ;  rhe  i>ther  evaporated  ;  and  the  nniuininp  nitro- 
glycerin heated  over  the  water-bath  tiU  its  weight  remaiua  «>n*;tunt.  Th»  prudn*rt 
amountfl  to  184  grmB.  of  pore  nitroalycerin  (De  Vrij).  -According  to  Railton,  niLro- 
glycmn  is  decompufted  bj  •mponiUon,  even  in  Tocao  orer  Bolphuric  ncid,  at  onlinur) 
tempnenitTirwi, 

2.  Half  an  ounce  of  dehydratoti  glycerin  is  poured,  wHh  eonetant  atirring,  into  a  mix- 
tur«i  of  2  oz.  of  oil  of  vitriol  aod  1  oz.  fuming  nitric  acid  of  specific  grarity  l'o2,  the  tent- 
peratnre  of  the  mrrtnre  being  kept  below  25"  C.  bv  external  coohng  with  ice  ;  and,  «« 
Boon  uj  oily  drops  begin  to  fonn  on  tlje  surfiicc,  the  mixture  is  poured,  with  constant 
stirring,  into  fiO  ounccK  of  cold  water.  Nitroglycerin  then  separates,  and  may  be  pari- 
ficd  by  washing  and  drjing,  in  small  portions,  in  a  vapour- bnth.  (Lisbe,  Arclt.  Pharm. 
ciii.  168;  civ.  282— 8e«  alao  Sobrero,  Kt'p.  Chim.  app.  ii.  400.) 

Propertu^. — Nitrogl^cmn  J*  a  light  vpUow  oily  liquid,  of  specific  gravity  1-596  to 
I'flOO,  at  \S'  C.  (De  V  rtj);  inodorous,  but  has  a  sweet  pungent  aromatic  taste,  and  when 
placed  rapon  the  tongue,  even  in  small  quantity,  produces  headache,  which  huts  for  seTcml 
hoars  (Sobrero).     Slightly  soluble  in  water,  more  soluble  in  akohol  and  in  ether. 

Nitroglycerin,  when  k>ft  to  itself,  frequently  undergoes  spontaneous  decomposition, 
bat,  wheu  well  purified,  it  miiy  be  kept  for  a  long  time  without  alteration.  Do  la  Rn  e 
and  Muller  (Ann.  Ch.  Phann.  cix.  122)  found  glyceric  acid  among  the  prodncta  of 
decomposition  of  nitroglycerin,  whtch  bad  been  left  to  itself  in  an  apartment  the  tt>m- 
pcsratUTP  of  which  rose  sometimes  to  about  30-"  C,  Oxalic  acid  was  likewise  forinetl, 
together  with  an  acid  the  barium-salt  of  which  wus  not  cry  stall  isable.  At  leo*^  C,  it 
decomposes,  with  evolution  of  red  vapours,  and  at  higher  temperattu«8  sometimes 
explodes  with  dufficieut  violence  to  shatter  the  contniniug  vessel ;  sometimes  takes  fire 
without  exploeion.  It  detonates  when  stmck.  JVIixed  with  filming  hijdriodic  acid,  it 
deoompoMfl  below  100'*  C,  yielding  glycerin  and  pure  ^-itric  oxide  (Mills).  Its 
«tb«real  solntion  is  dpcomposed  by  sulfhydric  acid,  with  copious  precipitation  of  sul- 
phnr  (T>e  Vrij).  Nitroglycerin,  heateil  with  aqueous  pfftash,  is  d(s?omposed,  with 
formation  of  glycerin  and  nitrate  of  potjjKsium  (Eailton): 

C»fl»(NO')»0'  +  3KH0     -     C  H*0»  +  3JvPJ0». 

Accorrling  to  Gladstone,  nitroglycerin  exhibits  different  properties  according  to 
the  manner  in  which  it  is  prepared.  Ordinary  hydrated  glycerin  added  to  a  mixture 
of  3  pta.  sulphuric  and  1  pt.  fuming  nitric  acid,  is  converted  into  a  liquid  which  deto- 
nates riolenfly  under  tlie  hammer;  but  anhydrous  glycerin  treated  in  like  manoT 
yields  a  non-cip!o»ive  boily  which  bunin  without  noise.  Rlh  kiml«*  of  nitroglycerir*. 
when  exposed  to  a  mixture  of  solid  curbonic  arid  and  alcohol,  bocome  gummy,  ntid 
Bvume  the  appeamnce  of  fatty  acids  ;  and  botli  decompo«e  apontaneously,  with  evolu- 
tion of  red  vnf^tours-  A  sample  of  nitroglycerin  which  deeompowed  in  this  manner  on 
exi»sure  to  summer  sunshine,  yielded  OT\Btals  of  oxalic  acid,  together  witli  two  liquids 
the  uppn-r  of  which  ctJiit^iined  nitric  aciii,  amtnouia,  oxalic  acid,  hydrocyanic  aoiil,  and 
fithf-r  compouiuls  not  tiam I ned  (Reports  of  tlio  liriti«h  Aiw»Jciation,  lS<i(},  Jahrv«b. 
f.  Chi'm.  1867,  479.)  Mills  found  that  nitroglycerin  kept  for  a  fortnight  no  longer 
rxpIode<l  when  struck,  but  showed  no  signs  of  decompotsition  or  chemical  alteration. 
{^Communication  /torn  G,  C.  FvtUr.) 

O&TCIUtOCXTSZC  ACZS.  Citroglycerie  acid. — Obtained  by  heating  a  mls- 
tur*'  of  glyi'criu  ami  citric  atVid  not  strongly  t-nough  to  pro<luiv  the  citna  ethen  of  gly- 
cerin dejifribeil  fttp.  lOtJl,  vol.  i.  (Van  Bi-mmelen,  Scficik.  <lnd»T7.oek.  ii.  1;  Jaliretib. 
1859,  p.  434.)    Lcurenvo  hits  obtained  a  glycerocitric  acid  containing  C*II'*0*  (p.  894). 

C&TCE&0-0XA1LZC  ACZ9.  Oxaloglifcfrie  acid.  —  Tliis  acid  is  produced  when 
oxalic  acid  is  hi»nf  mI  with  glycerin,  before  the  temperature  has  risen  high  enough 
to  indue*  the  resolution  of  the  oxalic  acid  into  formic  acid  and  carbonic  oxide  (p.  686). 
It*  calcium-salt  is  soluble  in  water,  and  the  solution  is  not  preoipitate<J  by  alcohol,  but 
deposit*  oxalate  of  calcium  when  beatcid  after  addition  of  ammonia.  (VanBemmelen, 
loc.  cit.) 

GZiTCKROPmOsraolKZC  ACID.  Photphoglyeeric  arid.  C*H»PO«  - 
/^H^ni"!^*"  (P*"^""^"'  Compt.  rend.  xii.  718.— Gobley,  J.  Pharm.  [3],  ix.  161 ; 
xi.  408  ;  xii.  6.— Om.  ix.  492  ;  Gerh,  i.  770,>-This  acid  existi?  in  the  yolk  of  i-pis  anil 
in  the  bndn  (Gobley),  and  is  produced  by  the  action  of  phosphoric  acid  or  phosphorie 
anhydride  on  glycerin  {Pclouze).  To  nbram  it  in  this  way.  glycerin  is  mixed  with 
excess  of  phosphoric  anhydride,  or  gbioial  phojiphnric  arid  ;  the  mixture  is  dissolved  in 
wiiter,  and  ni'iifrjilised,  fin*t  with  cnrbfinnte  of  bariuu),  then  with  baryta-wnter ;  the 
Moiution  is  filton-d  frr>m  pli<jflplmtH  of  bnriiim.  and  tMit4cl  with  a  quantity  of  oulphurio 
acid  just  Huffit'icnt  to  precipifad-  flu'  liurviji ;  und  (lie  Ultrate  is  evapurxled  in  vucuu. 
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To  obtun  it  irom  the  yolk  of  eg^,  that  substance  is  freod  from  the  greater  pait  of  iti 
water  by  heat,  then  exhausted  with  boiling  alcohol  or  ether;  the  filtrate  erapoisted; 
the  residue,  consisting  of  egg-oil  and  a  viscid  substance,  collected  on  a  filter  and  left  to 
drain  in  the  hot  air  cham^r  till  the  greater  part  of  the  oil  has  mn  off;  and  the 
residual  viscid  matter  is  pressed  between  folds  of  paper,  renewed  as  often  as  any  oil  is 
thereby  extracted.  The  soft,  orange-yellow,  translucent  mass,  smelling  of  yolk  of  egg, 
is  then  heated  with  dilute  potash  in  the  water-bath  for  24  hours ;  the  solution  slightly 
supersaturated  with  acetic  add,  and  filtered  from  oleic,  margaric  acid,  &c. ;  the  filtrate 
precipitated  with  neutral  acetate  of  lead ;  the  precipitated  glycerophosphate  of  lead 
washed,  suspended  in  water,  and  decomposed  by  sulphydric  acid ;  the  filtrate  concen- 
trated by  gentle  evaporation,  and  freed  firom  a  small  quantity  of  hydrochloric  add  by 
agitation  with  a  small  quantity  of  oxide  of  silver  and  filtration  ;  the  silvor  predpitated 
by  sulphydric  add ;  the  filtered  liquid  freed  from  a  small  quantity  of  add  phosphate  of 
calcium  by  saturation  with  lime-water ;  the  liquid  separated  by  filtration  from  the 
phosphate  of  caldum,  and  the  solution  of  glycerophosphate  of  calcium  evaporated  to  the 
crystallising  point  The  crystals  are  purified  by  agam  dissolving  them  in  water,  filter- 
ing, and  reo^stallising;  the  lime  predpitated  from  their  aqueous  solution  br  an  equi- 
valent quantity  of  oxuic  acid ;  and  the  filtrate  evaporated  in  vacuo.     (Q-obiey.) 

Glycerophosphoric  acid  b  also  produced  by  the  action  of  baiyta-water  on  iteUiin,  a 
phosphoretted  fat  contained  in  the  brain.    (Strecker,  Compt  rend.  liL  1270.) 

Glycerophosphoric  add  is  an  uncrystallisable  liquid.  It  may  be  concentrated  by 
evaporation  to  a  certain  point,  but  beyond  that  it  decomposes  into  phosphoric  add  ana 
glycerin.  When  concentrated  in  vacuo,  it  thickens  and  becomes  viscous.  It  has  a 
very  acid  taste,  is  very  soluble  in  water  and  in  alcohol,  and  yields,  when  carbonised,  a 
strongly  acid  dnder. 

The  glycerophosphates  are  for  the  most  part  soluble  in  water,  but  insoluble  or 
sparingly  soluble  in  alcohol 

The  barium-salt,  C*H^Ba"PO«  (at  160°  C),  is  very  soluble  in  water,  and  is  predpi- 
tated from  the  solution  by  alcohol. 

The  calcium-aalt,  C»H'Ca''PO«  (at  120°  C),  forms  snow-white,  pearly  laminae,  in- 
%;dorou8,  but  having  a  rather  sharp  taste.  It  sustains  a  heat  of  170''  without  decom- 
position, but  blackens  at  a  somewhat  stronger  heat.  When  boiled  down  with  lime 
and  water,  it  is  resolved  into  phosphate  of  calcium  and  glycerin.  It  dissolves  much  more 
abundantly  in  cold  than  in  boiling  water,  so  that  it  separates  almost  completely  frtim 
the  cold  solution  on  boiling.  From  the  aqueous  solution  it  is  predpitated  by  alcohoL 
The  lead-salt,  C'H'PbTO*  is  insoluble  in  water. 

(C'H*)"*) 
OX.-rCBS08V&PKinUC  ACZS.   Svlphogly eerie  Add.  C?H'SO'«  (SO*)" 

H*  , 
— (Pelouze,  Ann.  Ch.  Phys.  Ixiii.  21 ;  Gm,  ix  494 ;  Gerh.  i.  770.)— Produced  by  the 
action  of  strong  sulphuric  acid  upon  glycerin.  1  pt.  of  glycerin  is  mixed  with  2  pts. 
Fulphuric  add ;  the  mass,  when  cold,  is  dissolved  in  water;  the  solution  saturat«d  with 
lime,  filtered,  and  evaporated  to  a  syrup ;  the  crystals  of  the  calcium-salt  which  separate 
on  cooling  are  collected  and  dissolved  in  water ;  the  Kme  is  precipitated  from  the  solu- 
tion by  the  proper  quantity  of  oxalic  acid ;  and  the  liquid  is  filtered. 

By  this  process,  aqueous  glycerosulphuric  acid  is  obtained  in  the  form  of  a  colourless, 
modorous,  strongly  acid  liquid,  which  is  so  unstable  that  it  decomposes  into  sulphuric 
add  and  glycerin  when  evaporated  in  vacuo  at  a  few  degrees  below  0°  C ,  even  if  it 
still  retains  a  considerable  quantity  of  water. 

The  aqueous  acid  decomposes  carbonates.  The  glycerosulphates  decompose  with 
great  facility,  and  are  very  soluble  in  water.  The  potassium  and  caldum-salts  yield,  by 
dry  distillation,  sulphurous  anhydride,  acrylic  acid,  acrolein,  and  secondary  products  of 
decomposition.    (Redtenbacher,  Ann.  Ch.  Pharm.  xlvii.  118.) 

The  harium-salt  is  decomposed,  when  its  aqueous  solution  is  heated  with  baryta,  even 
below  100°  C,  into  sulphate  of  barium,  which  is  precipitated,  and  an  aqueous  solutian 
of  glycerin. 

'ihe  calcium-salt,  OH"Ca"S»0",  forms  colourless  needles  which  have  a  bitter  taste. 
It  begins  to  decompose  between  140°  and  160°  C,  emittiog  an  intolemble  odour  of 
distilled  tiillow,  and  leaves,  first  a  carbonaceous  residue,  then  a  white  residue  of  sul- 
pbite  of  calcium.  The  aqueous  solution  is  not  decomposed  by  lime-water  at  ordinary 
tempenitures,  but  after  boiling  for  a  short  time  with  lime-water,  it  contains  sulphate  of 
calcium.  The  crystallised  salt  dissolves  in  less  than  1  pt.  of  water,  but  not  in  alcohol 
or  ofhir. 

The  lead  and  silver  sjilts  are  soluble  in  wiiter. 

The  sulpholeous  acid  {srhwefetiHige  Sdure),  which  Bulk  obtained  by  treating 
olive-nil  with  sulphuric  acid,  and  tht-  sulphadipic  acid  obtained  in  like  manner 
troin  hogs  lard  by  Chevreul,  were  perhaps,  identical  with  glycerostilphurio  acid. 


:flo.. 
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iitfn^  tmtaric  add  and  glycerin  k 
varioua  pn>jKirtioi»8  anrl  lo  vsiriouB  tcinpirii(urf«,  four  acid*  Mt  obtained,  the  formation  of 
which  is  nUeniinl  with  elimination  of  quitntiticfl  of  water  len  than  would  be  requimi 
for  the  fonnutioii  of  Qormul  gljcvridea  (p.  877)-     Tliej  Are  composed  am  follows : 

Glvcemturtaric  acid  .  .  .  C?n"0«  =  C?H»0»  +  C«H«0«  -  n«0 
GlVecroditartiiric  acid  .  .  ,  C"H'»0'«  =  C'lI'O'  +  2C^n«<)«  -  2HH) 
Epiglyceroditartario  acid  .  .  C»n'«0"  -  C'EK)'  +  2C'H»0«  -  3H«0 
GlycerotritiitHTic  acid  .  .  .  C^H^O"  -  C'fl'O*  +  3C*n*0'  -  2n"-0 
The  firxt  of  xhete  acids  was  diacovered  by  Berzclitu  {IVatU  tU  Chimie) ;  tlie  (Ahet 
three  by  Dea  PJats.     (Compt  rend.  xlix.  216.) 

(C«H»r     \ 

Glyccrotartaric  aeid,CR'*0*  =   CC*H*0»)»*   (y.—Produc«d  by  heating  eqn. 

H*  ) 
Talent  quantittu  of  gljrc^rin  and  coarsely  pounded  tartaric  add  (or  effloreaeed  para- 
tartaric  acid),  to  about  150*  C.  (Berzelius);  by  heating  equal  weights  of  glycerin  and 
tartaric  acid  to  lOO'^C  for  forty  hours  (Des  Plata).  The  mixture  on  cooling  is  trans- 
parent, and  solidifies  to  a  suit  ropy  mass.  It  is  modoroua,  has  a  fiiist  but  purely  acid 
taste,  absorbs  moisture  from  the  air,  and  changes  to  a  ttiick  R^^up.  It  \»  insoluble  in 
pure  ether,  bat  dissolves  easily  in  ethar-alcohol.  In  the  syrupy  state,  it  may  be  pre- 
bem-d  unultcred.  Neither  CArbonate  nor  ooctatc  of  potassium,  added  to  it  in  small 
quantity,  produces  any  precipitate  of  acid  tartrate  of  potassium. 

The  syrupy  acid,  mixfd  with  a  large  quantity  of  water,  is  portly  resolved  into 
llycerin  ana  tartaric  acid ;  the  deoompodtion  is  accclerate<:l  by  wanning  the  liquid, 
lut  on  evaporatiug  the  mixture  and  again  heating  it  to  ISO'^  C.  the  glycerotartaric 
ncid  is  reprodnced. 

Glyccrotartaric  ndd  expehi  carbonic  add  from  alkaline  and  earthy  carbonates,  form- 
in(>;  soluble  salts  which  hare  a  gummy  aspect.  The  glycerotartrates  are  insoluble  in 
utcohol,  which  precipitates  them  from  aqueous  solution.  They  are  tasfelesa.  The 
iieutntl  salt!,  mssolrod  in  a  lar^e  Quantity  of  water  and  craporuted.  decompooew 
Yielding  glycerin  and  tartaric  aad  (Berzelins).  The  decomposition  is  accelented 
bv  addition  of  baryta-  or  lime-water.  (Des  Plats.) 
'The  burium-sall  contains  C'*H»B6''0'*. 

Glycrrotartrate  of  caUyium,  C"H"Ca''0'*  +  3aq.,  is  prepared  by  saturating  aqueooa 
irl}  rerotartaric  add  with  carbonate  of  caldum,  eraporating,  filtering  to  romore  & 
qunntity  of  tartrate  of  caldum  which  separates  in  confused  crystus,  and  adding 
alcohol  Irt  the  c/mcfnlrated  eolution.  It  then  separates  in  the  form  of  a  thick  pulp, 
which  sticks  to  the  sjdca  of  the  vessel  when  the  liquid  is  agitated ;  the  portion  which 
rt'ni.iins  suspended  in  the  alcohol  takes  sereral  days  to  settle  down.  On  dissolving 
tin-  ^»r»?dpitated  salt  in  a  small  quantity  of  water,  and  filtering  to  separate  any  small 
p)nion  of  tartrate  that  may  be  present,  a  colourless  solution  is  obtained,  which  may 
he  evaporated  without  decomposition  at  a  gentle  heat,  T!»e  rraidne  forms  acoloiirleea 
imiss,  having  the  lustre  and  aspect  of  glass,  and  splitting  when  dried.  The  salt  is  not 
deliquescent;  it  cannot  be  deprived  of  its  dystaUisatioa-water  without  decomposition, 
(iierzelins.) 

(C1P)-     \ 
2(C'H»0=)"  \  0».— Obtained  by  heating 
H'         J 

equal  weights  of  glycerin  and  tartaxic  add  nith  a  certain  qnantity  of  water  to  100*  C 
for  fifty  hours.  It  is  dibasic,  its  boriom-  and  caldum-salts  havbg  the  compoeitimi 
C"H"M'0'».    (Des  Plata.) 

(C«H«)"    ) 

Epifftt/eeroditartarie  aeid,  C»iH'*0»»  -  2(C«H^07nO*.— This  add,   which 

is  related  to  the  preceding  in  the  same  manner  as  epidiehlorhyJrin  lo  diohlorhydrin, 
i»  obtuincd  by  heating  equal  weighta  of  glyct>rin  and  tartaric  acid  to  140°  C.  It  is 
monobasic,  the  barium-  and  caldum-salts  containinE  C"H"MO".     (Des  Plats.) 

(CRT     ] 
Gtycerotritartarie  acid,  C'»H«0»»  -  3(C*H»0»)»'  1 0'«.— Obtained  by  heating 

1  pt,  glycerin  with  20  pts.  tartaric  add  to  140®  C.  or  I  pt  glyceroditartiirje  add  with 
1  a  pta.  tart;iric  iicid  for  30  hours.  It  is  tetrabasic,  the  barium  and  caldum-salts  eon- 
taioing  C"n"'(M'')'0".     (Bee  Plats.) 

OliTCSBTZi.     Cn*.     The  triatomic  radicle  of  glycerin  and  the  glyccndea. 

GlbTOSKTlH    BSOB^TSHATSS    and    BSOnZBS    OF.      8e« 

MYDBIKS  (i,  667). 


Gtyeeroditartaric   acid,   C"H'«0" 


6iM 

a&TCSKTX., 

B^DBINS,  I  i.  893.) 
CHbYCERTXM 
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CalOSSTSRATES    and    CHX.Oan>S  OX*.       See   Cbi^b- 


BYSKATBS     OF. 


Besides  glj-Cfrin,   which  u  the  comul 

liyiimto  of  glycerol,  three  othcrn  ate  known,  which  tire  analogooB  in  conshtutioa  to 
the  jKilyethylenie  aloohola  (p.  fi76),  and  may  be  dcrivfl'd  from  glycj^rin  hy  dpbydratictn, 
in  the  same  manner  as  the  polyethylenic  alcohols  aw  derived  from  glycol :  thtu  :— 


Glycerin 
Diglycerin  or  Pyroglyccrin 
Digljcide  or  Pjroglydde 
Triglycerin     . 


C«H»0* 


0« 


2C'H«0»    -      n-0 


2{?H«0»     -     2H»0 


3C»H»0»     -     2n^0 


(C«H»f) 
H«    1 

H* 

(o*ir»)M 


0» 


0« 


o» 


In  addition  to  these  compounds,  which  huTe  been  actually  obtained^  the  hjpothericai 
body  glycide^  CH'O*.  muat  also  be  mentioned,  which  is  the  alcohol  of  the  glydihe 
ethera,  and  is  related  to  glycerin  in  the  same  manner  as  pyroglycidu  to  pyroglyeerin,  dif- 
fertnf*  from  it,  that  is  to  say,  by  I  at  H*0. 

Thv  pnlyglyceric  dotopoijndfl  are  obtained  by  distilling  glyceric  chlorhydno  with 
excess  of  glyccriii.  in  tho  eame  manner  as  the  polyetliyleoic  alcohols  are  obtained  from 
glycolic  bromhydria  and  excess  of  glycol  (p.  676).  wlien  glyeeriji,  dilated  witli  one- 
third  its  bulk  of  water,  is  saturated  at  lUO^  C.  with  hydrochloric  acid  gas,  an  eotul 
qntintlty  of  glycerin  (ben  abided,  the  whole  heated  to  120'^  C.  in  a  flask  with  aaeewUflg 
condeosing  tube,  for  12 — Id  hours,  and  then  diHtillixl,  water  and  hydruchloric  add  pus 
over  till  the  temperature  rises  to  150^, — then  between  150''  and  275°,  a  distillate  {A], 
conBisting  of  dichlorhydrin,  together  with  the  chlorhydric  ethers  of  the  polyglycerie 
alooholft.     (Lourenco,  Compt.  read.  UL  359.) 

Diylf/cerin  or  Fyroglycerin,  C"H"0*. — The  brown  residue,  distilled  betirwn 
220°  and  230°  in  rarefled  aiV,  yields  pyroglyccrin,  as  a  Uiick  liquid  insoluble  in  eth**, 
sparingly  soluble  in  cold,  easily  in  hot  water,  tniscible  in  all  proportions  with  aleohuL 

Its  fbnn^ioQ  is  represented  by  the  equation  — 

c»H«o«  +  c*n'cio»      =      c«H'<o»  +  Ha 

Gl^cerla        Ctilurliydrin.  Pyrogljcerin. 

(C*H»)«\ 
Cktorhydrodiethyl^yroglycerin,   C«H"C10«    «    (C'^H*)" 

H 
ing  diethylin  (p.  884)  with  epichlorhydrxn  to  200°  C, 

C'H"0*  +  C«H»C10  =  C'«IPC10*; 
also,  together  with  ethyl-  and  diethyl-chlorhydrin,  by  heating  epichlorhydrin  with 
alcohol  t/>  200'*  C.  It  is  a  y«^lIowiah  oDy  liquid,  of  sp.  gr.  Ml  at  17°  C-,  boilios  tX 
286*^,  sparingly  solubls  in  water,  misdble  in  all  proportions  with  alcohol  and  eotx. 
(Rebonl  and  Loureayo,  Compt  rend.  lii.  401.) 


Pjp — Produced  by 


TViethj/Upyrofflycerin,  C'*II«0* 


(OR')» 
(C-H')' 
B 


0».— Produced,  together  with  diethj 


and  tetrethyl-triglycerin,  Vy  the  action  of  Bpichiorhydrin  on  ethylate  of  sodium  [?  c 
taiaing  alcohol].  After  all  the  diethylin  has  passed  over,  the  portion  which  «" 
between  280°  and  20(PC.  is  collected  apart  and  rectified. 

Triethylpyruglycerin  is  a  eolourlejis  oily  liquid,  of  sp.  gr.  IQO  at  14°  C,  boiling  i 
about  290"^,  soluble   in  water,  alcohol  and  ether,  and  predpitated  from  the  aqneoul"! 
solution  by  carbonate  of  potasBiam.     (Reboul  and  Lou  re n 90,  luc  cit.) 

Triffit/cerin,  CR^O\  pauses   over  after  the  pyrogljeerin,  between  276°  sni 
285^  C,  as  a  liquid  similar  to  the  latter,  but  more  viscid  aiid  consistent. 

As  the  temperuture  rises  to  320°  C,  products  of  continually  greater  complexitT  paa 
over,  as  in  the  preparation  of  the  polyethylenic  alcohols. 

(C'irf»)» 

Tetrtthi/l-tnglyetrin.      C"H»«0»    =    (C-1I»)« 

H     , 

300°  C.  obtained  in  the  preparation  of  triethyl-pyroglyoerin  he  distilled  in  air  nnutA 
lo  It)  mmu.  this  compound  passes  over  at  about  200*^,  as  a  yellowish  liqnifl,  of  si^^iile 
grsTi^  1'022  at  14",  soluble  in  water,  alcohol  and  ether.    (lieboul  and  LoureU(;o  ) 


0^ — If  the  oily  residue  boiltogaboTv 
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Diglycide,  Pyroglvcide,  or  Mataglycerin,  CH^KJ*,  which  ha»  the  conpodtion 
of  pyrogljccrin  mintut  H-O,  is  obL&iDed  bora  that  portion  of  tbo  dlotiUate  A  (p.  694) 
which  pa^es  over  under  the  ordiniiry  atmospheric  pre-ifture  Ix-twccn  170**  and  270®  C* 
(and  ooneista  of  diohtorhydriii,  togeth«T  with  the  chlorliydric  ethers  of  the  polyglycerie 
alcohols)  by  cautinuKly  dpoomposing  the  portion  boiling  between  230°  ana  270°  with 
ignited  potiiab,  dietiJling  the  liquid  decunted  from  the  chloride  of  potassium  which 
separates,  and  coUectiny  the  portion  which  goes  over  between  24fi°  and  265®.  It  ia  ft 
coloorless  oil,  flolable  in  water  and  in  alcohol,  insoluble  in  «tJier. 

Poljglyceric  compounds  may  »tao  be  obtAined  by  distilling  glycerin  under  the 
ordinary  atmospheric  presHon*,  and  treating  the  portion  which  goes  over  b**tweeo  130® 
and  260"  C.  with  ether.  The  uiidi«»olred  portion  boilu  at  a  tempcmture  abore  30(1'' 
under  a  pressure  of  10  mm.,  and  yields  polyglyceric  oompoands.  The  ijrlvceriu  is,  per- 
hapsi  first  converted  into  glycide,  by  loss  of  water  (CH»0*  -  H'O  =  dtK)*),  and  Lha 
{clycide  then  unites  with  1,  2,  or  3  at.  glycerin,  forming  the  polyglycerio  compooiida 
(Louren^o.) 

OXiTCE&'n.,  XODBTDBATXB  OF.     See  loDHTDaiNa. 

O^-rCBXTl^  oausa  or.    C«H'«OV  «  ^^I|o».— Obtained  by  the  action  of 

potii<h  on  iodhydrin.    It  is  a  Hq^uid  aolublo  in  ether  and  volatile  without  decomposition. 
(Bertbeiot.) 

OliTCBATI.,  OXTGEir-saLl.TS  OF.    See  Acsmrs,  Bbxzotxs,  BdTRnni,  &e. 

CZiTCZSTI.,  SUXPHTDRATES  OF.  Thi(k}Ii/cfrins,  (Carins,  Ann.  CI>. 
Pharm.  cxxii.  72 ;  crsir.  222.) — The  oxygen  of  glycerin  may  be  wholly  or  partly  replaced 
by  sulphur,  yielding  the  three  compounds : 


H'     is 
MoQothlOflycrrto. 


{cn»)"'^o 

Dlthloglycerka 


Trilhiaglfoetta. 


These  compounds  are  prodticedby  the  action  of  alcoholic  Hulphydntte  of  potassium  on 
mono-,  di-  and  trichlorhydrin.  They  are  syrupy  liquids  of  unpleasant  ethereal  odonr. 
soluble  in  alcohol,  Tery  9p«iringly  soluble  in  water,  insoluble  in  ether.  They  react  with 
nietjillic  oxides  and  salts  tike  sulphydrate  of  ethyl  (mercaptan),  forming  compounds  in 
which  the  typic  hydrogen  is  more  or  less  replaced  by  a  metal,  in  proportion  to  the 
number  of  Hulphur-atoma  in  the  thioglycerin.  The  general  fbrmuIiB  of  the  metallic 
dcriTatives  of  the  three  thioglycerins  are  therefore  : 


M.H" 


0» 

s 


(CH*)" 


s-. 


The  thioglycmna  are  decompoaed  by  heat,  trithifiplycerin  giving  off  sulphvdrte  acid, 
HTiil  h*«vinp  dithioglycide,  while  the  other  two  compountls  give  both  sulphydnc  add  and 
uuIlt,  tiud  jield  Mulphiiretl«d  compounds  analogous  to  pyroglycido;  thus: 

thiatljcvrtn.  Tliirtpfrogljctil*. 

DithlO!rlT^s''ln.  TrithlopfToiflycl-le. 

C™:[S.      -   H-S  .        C'H'js. 

Trlthlog}jp<*rln.  Dlthi-gtydds. 

The  thioglycerins  are  oxidised  by  nitric  add,  forming  glyccroflnlphnnnu  etbera, 
monothiopl  jt-erin  yielding  fflycerin-mono4tJphurow4  add,  whicD  is  monobasic,  and  di- 
thioglyeerin  yielding  pyrtHjhfci-tristilphunntt  add,  a  dibasic  add  related  in  compoaitioa 
to  trithiopyroglycide.     Theaalta  of  Uifise  ad«U  an:  represented  by  the  foimolc : 


IP 

(CTT^)" 

(sor 

Gtycrrlii-tduilotulphttM. 


0* 


(C»H»)'| 

(SO)'     0* 
M"     J 

Pjrrogljrl-lrtiulphltei. 


aXiTCIBS.    CH*0«  =  (C'H*)   j  o»  _iTje  hypothetical  alcohol  oorresponiUilg  to 

tho  dycidic  ethers.      It  differs  firom  glycerin,  in  the  anme  manner  as  oxide  of  etl^Uuw 
C'HH^.  differs  from  glycol.  VmH}\  viz.  by  1  at.  water 
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0&TCZ9XC  BTBBR8.  (Roboul,  Ann.  Ch.  Fhys.  [3]  Ix.  5;  Jahrasb.  1860, 
p.  464.) — A  class  of  diatomic  ethers,  closely  ivlatt^l  to  the  glycoridea,  and  piodnofd 
from  them  by  tho  action  of  alknlis.  They  differ  firom  some  of  the  triatomic  glycepidM 
bv  the  elements  of  hydrochloric,  hydrobromic,  or  hydriodie  acid;  from  othvn  by  the 
dements  of  water,  e.  g. : 

,p,„..«,  (Cm*)-)  (CHT^  (^, 

^  cfll«>!°'     -      ^*";'      O'-H'O       -        C»H»    1^1    -MCI 


Amyl.glydde.  Amylin.  Amylctaorhjrdrin. 


((?Hr{8i 


Clilorhydroglydde.        Monochlorhydrin.  Dichlorhydrin. 

C«H«C1«        -    CC*HTjO^_H»0       -        (CHTCl'-Ha 

Dichlorhydroglyclde.       Dichlorhydrln.  TrlcMorhydrin. 

There  are  two  series  of  plycidic  etliers,  which  may  be  derived  from  the  hypothetieal 
diatomic  alcohol  glycide,  C*H*0^  according  to  the  general  fonnuln: 

C'H«0'  +  A  -  H»0        and         C«H«0«  +  A  +  A'  -  2H«0, 

the  symbols  A  A',  denoting  monatoroic  acids  or  alcohols.  The  first  seriec  indndM 
Berthelot's  epichlorhydrin,  epibromhydriu,  &c.,  which  differ  from  monochlorhydrin,  &c, 
by  1  at  H'O ;  the  second  scries  includes  epidichlorhydrin,  &c,  which  differ  in  like 
manner  from  dichlorhydrin,  &c. 

'the  glycidic  ethers  are  not  produced  from  the  corresponding  triatomic  glyceridn  hy 
direct  abstraction  of  water ;  but  they  are  obtained  directly  from  the  triatomic  glyceriln 
containing  clilorino,  bromine,  &c.,  by  the  action  of  alkalis,  which  abstract  hytbochlorir, 
hydrobromic  acid,  &c.  To  convert  a  glycerin-ether  not  containing  chlorine,  brmniiii*. 
or  iodine,  into  a  glycidic  ether,  it  must  first  be  converted  into  a  chlorhyirin  by  the 
action  of  h^'drochloric  acid,  and  this  compound  then  treated  with  an  alkaU  to  alMtntt 
hydrochloric  add,  e.  g. : 

C«H"0«  +  HCl    -    C?H"0«C1  +  H«0 
Amylln.  Amylchlorhjr- 

drla. 

C^"0«C1  -  HCl    -    C«H'«0« 
Amylchlorhy-  AmylglycMe* 

drin. 

Conversely,  the  glycidic  ethers  containing  chlorine,  bromine,  See.  an  oonvertinl  It 
the  action  of  oxygen-acids,  water,  and  alcohols,  into  triatomic  glyoeiin^thers  (p.  S')'.'  '. 
Kel)oul,  by  whom  the  glycidic  ethers  have  been  particniariy  itadied,  ■appotnth-  :■. 
to  contain  the  diatomic  xadicle  glj/cidjf I,  C*H*,  e.g. : 

(C3TTT> 

Amylglycide C»H"  '"•' 

H     \ 

Monochlorhydroglycide  or  Epichlorhydrin H     1 1 

Dichlorhydroglycide  or  Epidichlorhydrin (CH*)"' " 

But  the  relations  of  the  first  series  of  these  componndf  (C"H"0'  +  A  —  H-*^" 
glvcerides  may  be  more  simply  represented,  as  first  suggested  by  Erlf- 
(Zeitschr.  Ch.  Pliarm.  1860,  p.  737),  by  supposing  them  to  contain  the  Banii  r  . 
the  glyeerides,  viz.  C*H*,  that  is  to  say,  by  regarding  them  as  the  ethen  of  tli>   .  .. 

alcohol,  ^    s      |0'>  related  to  glycerin  in  the  same  manner  aa  monomct;!)  •  -        ^ 
acid,  ^^^^^  j  0»,  to  orthophosphoric  acid,  ^^fjo*;  t.ff.  amgljfigeidt,  ^\     ■ 

epichtorhydrin,  (C'H»)-'|gj,  &c 

The  glycidic  ethers  of  the  second  series  (C"HH)*  +  A  +  A'  -  211 
epidichlorhydrin,  cannot  be  represented  exactly  in  the  sama  inannt-:. 
contnin  only  4  at  hydrogen ;  they  may,  however,  beMgardad  aa  eliJuj- 
&!.■.  containing  monatomic  radicles  formed  from  (TH*  Dj  tlw  ■abstifi.  *  _ 
&e.  f(ir  1  at  H,— epidichlorhydrin.  CH*C1«,  far  eiaaMli^  ttin  Timniiiliiii;   '    "' 
alti/l,  (C»H*C1).CL 

These  ethers  are  not  so  dosely  leUted  to  tba  fhMiilMi'^hoar  o*'    . 
They  do  not  yield  glycerin  when  boiW  with  tMmflMmihm  I* 
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§^jOBni€a  hj  the  action  of  wmter  or  of  aloobola,  or  ffeQcrally  speakiiig  of  adda,  al- 
uoQgh  Reboul  stated  that  epidichlorhTdrin  is  very  slowly  convertod  into  trichlorhjdrin 
by  boiling  vrith  hydrochloric  add.  It  is,  however,  most  convenient  to  describe  them 
in  connection  with  the  glyddic  ethers  of  the  first  series,  to  which  they  are  certainly 
related  by  their  mode  of  formation. 

The  pdyglycerie  compounds  and  the  glyddic  ethers  of  the  first  series  are  related  to 
glycerin  in  the  same  manner  as  metaphosphoric  add  and  some  of  its  modifications  to 
orthophoephoric  add :  this  will  be  seen  fiom  the  following  table : 


Tn>«. 


Glyddic 
flwriM    . 


(«^'>'  [01 


GlTddc 


8H«0. 


SH'O. 


(C»H»)" 
H« 


jo. 


GlTcerin. 


4H*0. 


Dislycldr. 


Fbotpborlc 
SertM 


<T|oi 


MKaphot- 
phoric  add. 


(PO)- 


:o« 


PO) 

polo* 

Na«) 


Orthnphot- 
phorlcadd. 


Msddrvir* 

mrUphiM- 

pb«teof 

MMliuni. 


The  polyglyoerides  constitute  the  intermediate  links  between  glydde  and  the  tme 
glyceric  ether  or  glyceride  anhydride.     {Kekidi't  LehrhttcK,  iL  117.) 

The  greater  number  of  the  following  compounds  have  been  prepared  and  partially 
described  by  Berthelot  (See  Bbokhydbins  and  Chlorhtdbixs)  ;  but  the  experiments 
of  Beboul  have  rendered  our  knowledge  of  them  much  more  exact 

A.  Gljfciiie  ethert  containing  1  at.  Acid-  or  Alcohol-radicle. 

Amylflyolde.     C«H^«  -  ^q^u    j  0*.— Produced  by  the  action  of  potash  on 

amylcfalorhydrin  (p.  884).  When  a  mixture  of  equal  volumes  of  epichloriiydrin  and 
amylic  alcohol  is  heated  to  220^  0.  for  ten  or  twelve  hours  in  a  sealed  tube ;  the  resulting 
yellowish  oily  liquid  distilled ;  the  portion  which  goes  over  between  226**  and  260^,  and 
contains  amykhlorhydrin,  shaken  up  with  excess  of  strong  boiling  potash-ley ;  the  oil 
which  separates  from  the  resulting  solution  of  chloride  of  potassium  on  addition  of 
water  distilled ;  and  the  portion  which  passes  over  between  180^  and  220°  C.  several 
times  rectified, — amylglydde  ia  obtained  as  a  mobile  liquid  of  specific  gravity  0-90 
at  20*  C.,  and  having  an  odour  of  ripe  quinces.  It  is  insoluble  in  water,  boils  at  ISS®, 
is  inflammable,  and  bums  with  a  bright  flame.  By  agitation  with  fhming  hydrochloric 
add,  it  is  converted  into  amylchlorh^drin,  C'H*(C»H")C10',  and  by  hydrobromie 
and  hydriodic  acids,  into  the  corresponding  brom-  and  iod-hydrins.  Heated  with  usattr 
in  sealed  tubes,  it  takes  up  HH),  and  is  converted  into  amylm,  CH'(C*H")0*. 

aimylKljroide.  C»H'»0*  -  ^^.     f  0*.— Produced  by  the  action  of  potash  on  ethyl- 

ehlorhydrin.    The  formation  of  this  latter  compound,  by  heating  epichlorhydrin  with 
ethylic  alcohol  in  sealed  tubes  to  180^  C,  is  attended  with  the  production  of  consider- 
able quantities  of  dichlorhydrin  and  dietbylin.  according  to  the  equation : 
2C«H»C10     +     2(7H*0     -     C*H«C1»0     +     C»H«(C»H»)«0« 

Kplchlor.  Alcohol.  Dlchlnr.  DiMhyllo. 

bydiia.  h)drin. 

The  greater  part  of  the  resulting  liquid  distils  between  188°  and  189°  C. ;  and  tbo 
distilUce,  treated  with  potash,  yields  an  ethereal  oil  which  distils  for  the  most  part 
between  126°  and  130°,  and  consists  of  ethylglydde  mixed  with  a  considerable 
quantity  of  epichlorhydrin  (produced  by  the  action  of  the  alkali  on  the  dichlorhydrin;. 
The  ethylglycide  may  be  freed  from  the  greater  part  of  the  epidilorhyJrin  by 
treatment  with  alcoholic  potash.  It  is  a  mobile  liquid,  having  a  faint  but  agre«>abl<> 
ethereal  odour,  boiling  betwern  128°  and  129°  C,  and  of  nearly  the  same  density  as 
wat«'r.  It  dissolve  in  4  or  5  times  its  volume  of  cold  water,  somewhat  more  freely  in 
Vou  II.  3  M 
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hot  water,  and  is  sepumled  from  the  Bolution  bj  chloride  of  calcium. 
BPf  ftitniliir  to  those  of  ntnylglycide. 

Epibromhydrin. 


It>  rracHoitf 


(C*H») "•  I Q^.— Produced  by  tJie 


XlSonobrombydrosljoide. 

Action  of  alkali*  on  dibromhydrin ;  also,  together  with  other  prwJucta,  by  the  *d6aa  bt 
penta<?h]oride  of  phoffphonu  on  glycerin  (p.  890).  It  boil*  at  188**— HO*  C^itmtM 
with  fuming  hydrochloric  acid,  forming  bromocblorhydrin,  C*H*BrC10,  and  witk 
hydriodic  add,  fonning  iodobromhydrin.    (See  Iodhtpbiks.) 

nSomooblorliTdrorlTolde.      Epichlorhydrin.      (CH')*"  |  q  .  — Prodoeed  by  tLa 

notion  of  aUcalia  on  dichlurhydrin.     To  prepare  the>  laTt*r,  a  mtTtnre  of  5  Tola,  ^t- 
c<»rin  (the  conunercial  product  dehydrated  by  heating  it  to  about  170°  C.  may  M 
iu«d)  and  4  vola.  ghidiu  acptic  add  is  saturated  at  100*'  C.  with  hydrocblorie  add 
gas,  and  then  distilled ;  whereby  a  distillate  is  obtAined  between  18(P  and  220^  con* 
Buiting  of  dichlorhydrin,  mixed  with  a  large  quantity  of  acetodiehlorhydrin  and  a 
noall  quantity  of  acetochlorhydrin.     This  distillate  may  be  used  inunedialely  for 
the  preparation  of  epicblorbydrin  (the  acetodiehlorhydrin  being   conrertcd  by  ths 
potaiih  into  dichlorhydrin,  with  formation  of  acetate  of  potassimn).     For  tfai«  pupa^ 
a  lukewarm  solutiou  of  350  f^rms.  caustic  potash  in  the  smallest  possible  qiiantiq^^^| 
wat^r,  is  added  by  »miill  portions  to  600  grms.  of  the  distillat«  jnat  mentioiied,19^l 
liquid  being  well  shaken  and  left,  to  cool  after  each  addition;  the  whole  ia  then  left  t» 
it«elf  for  an  hour  or  two ;  the  oily  layer  which  floats  on  the  surface  is  pemorwl  and 
distilled;  the  portion  whioh  goes  over  below  165° C.  is  collected  apart;  ami  this  by 
repwat^d  fractional  rectification,  yidda  pure  epichlorhydrin. 

Epichlorhydrin  is  a  mobile  liquid^  of  specific  grayity  1'194  at  11®  C. ;  it  !«il»  il 
IIB^  or  \\^^\  smells  like  chloroform;  has  a  sweet  taste,  with  burning  affcerlaste; 
bums  with  a  bright^  smoky,  ^;reen-edged  flame.  It  is  nearly  inaolable  in  wnt^-r.  hot 
takes  up  a  small  quantity  of  it,  and  retains  it  obstinately;  soluble  in  ail  pmponiow 
in  alcohol  and  ether.  Ita  vapourHdenaity  ia  by  experiment  =  3*21 ;  by  calcnlatiea 
(2  vols.)  .  319. 

Strong  sidphttric  acid  acta  violently  on  epichlorhydrin ;  if  it  ia  added  by  dro^  aad 
the  liquid  kept  cool,  no  hTdrochloric  acid  is  erolved,  bat  the  liquid  becomea  viactd,  "^ 
a  so-called  conjugated  aulphttric  acid  appears  to  be  formed. 

Chl^df  of  rinc  likewise  acts  yiolently  on  epichlorhydrin,  hydrochloric  arid 
evotred  and  the  mass  blackening  if  not  sufficiently  cooled,  whereaa  if  the  tempt 
is  prerented  fh^m  rising,  the  two  (tubstances  simply  unitft  Epichlorhydrin  ia  con< 
hy  pmtaohhride  ofphottphoru*  into  trichlorhydrin: 

C»H*C10   +   PC1»  =  P0C1«  +    C*H«C1»; 

and  hjpetitabromide  o/phogphona  into  ohlorodibromhydrin,  CTH'Br^  (L  9&1\ 
a  liquid  of  specific  gravity  2-086  at  9"  C,  and  boiling  at  202="— 203". 

Epichlorhydrin  heaf«l  with  alcoholic  ammonia  to  100*  C.  in  a  dosed  vemd  tnrms 
chloride   of  aroraomum,   and  a  white   gummy   mass,    consisting   of    diglyceryl- 

CH-jN 
dihydorchloramine,  or  hemichlorhydramide,  C*H'*C1N0»  «  CH*hO*.  aiu* 

H  JCI 
logons  to  Bertbelot'a  homibromhy  dram  Ida  (i.  668  ;  ii.  876): 

2{?H»aO  +  2NH»  =  NH«C1  +  CffKlNO'. 
With  cold  aqtiemta  ammonia,  epichlorhydrin  thickens  and  gradnjdly  diMolrea:  and  th« 
liquid,  iift«r  neutrtdiBation  with  hydrochloric  add,  contains  chloride  of  ammoniam.  aad 
an  lancryatallisablp  suit,  from  whose  highly  uoncentrated  solution  caustic  potaab  thyowt 
down  a  reddish  gummy  base,  which  redlsaolvea  on  the  addition  of  a  amall  quantity 
of  water. 

Epichlorhydrin  unites  directly  with  kydrochlorie  aeid^  forming  dicblorbydrio, 
C*H*C1*0  {boUine  at  180°  C);  with  hydrobromie  acid,  forming  bromochlorhrdrin, 
C*nj*BrC10  (ft  colourless  oUy  liquid  of  apeciflc  grarify  1-740  at  12"  C,  boiJins  «t  19:®. 
baring  a  faint  odour  like  that  of  dichlorhydrin,  sparingly  soluble  in  water) ;  and  with 
hydriodic  acid,  forming  iodochlorhydrin,  C*H*IC10  (see  lonHTDRixa).  Theoimbi' 
nation  is  in  all  cafl«s  attended  with  evolution  of  heat,  which  is  considerable  when 
epichlorhydrin  is  agitated  with  fuming  hydrochloric  acid :  stronger  with  fuming  hydro- 
bromie acid;  and  especially  violent  with  fuming  hydriodic  add,  each  drop  of  the  acid 
producing  a  hisning  noise. 

Epichlorhydrin  heated  with  amylic  alcohol  in  aealed  tubes,  nnite«  with  it,  forming 
amyl-chlorhydrin;  but  at  the  same  a  secondary  reaction  takea  plai»»  remltingin 
the  formation  of  dichlorhydrin  and  diamylin: 

2C*H*C10  +  2C»H'*0  ^  C'H»C1*0  +   C»H»(C*H")«0". 


GLYCOCHOLIC  ACID. 


899 


! 


I 


I 


k 


With  rthtflic  alcohol  a.  rimilar  reaction  takci  place,  but  the  secondary  product*  hear  a 
iarj^er  praj)ortion  to  the  cthjIcJilorLydrin  produced  bj  direct  combination  (p.  897). 

Iffono-lo4Ua7<lrOi:Ijolde.  Epi-iodhydrin,  C^*IO.— This  ooTnpoand  oumot  ba 
prepared  in  the  game  manner  as  the  two  preceding,  imiflmuch  u  di-itxihydrin  has  not 
been  obuinod,  not  being  produced  from  glycerin  by  the  action  either  of  bydriodio 
Mcid  or  of  iodide  of  pnosphorus.  £p{-io<Oiydrin  may,  however,  be  prepand  by 
heating  epichlorhydrin  with  iodide  of  pota««nm  to  lOO'^  in  a  aealed  tube,  care  beine 
taken  to  purify  the  materiala  from  water  as  tnaeh  as  fKjPsille,  since  its  pr^wnoe  would 
giTe  riae  to  the  formntiaa  of  iodhyibin,  CH*IO'.  On  treating  the  product  of  the  reaction 
with  &  Hmall  quantity  of  water,  to  dissolve  chloride  of  potassium  and  the  ejtceae  of  iodide, 
there  remains  a  heaTJer  liquid,  from  which,  by  distillation  axid  repeatad  rectification  of 
the  portion  which  distila  Wtween  160**  and  ISO'-'C,  pure  ept-iodnydrin  ia  obtainei 

Epi-iodhydrin  is  a  mobile  etherral  liquid,  baring  a  somewhat  alliaceoaa  odour; 
■pecifl*?  graTity  2  03  at  13°  C;  insolulilo  in  wtit^r ;  M)luble  in  allproportions  in  alcohol 
and  ether-  With  hydrochloric  acid  it  forma  iodochlorhydrin,  C*H*IC10,  identical  with 
the  compound  formwl  by  the  combiuntJDn  of  HI  and  C*H*C10;  with  hydriodic  add,  il 
yi<?l«la  a  riscid  bfaw  liquid,  atrongly  coluurvd  by  iodine,  and  probably  containing 
di-iodhydrin,  C*H*p6. 

B.   Gijfcidio  ethert  containing  2  at.  Bromine,  Chlorine,  &c. 

These  componndjB  are  produced  by  the  action  of  alkalia  on  the  triatomic  glyceridea 
containing;  3  at.  Br,  CI,  ice 

BlbrontbydroBlyelde.  EpidibromKydrin,  (C^*)'3r*  or  (C*H«Br)'Br.—  Ob- 
tained by  treating  tribromhydrin.  C*H*Br*,  with  solid  hydrata  of  potassium  (a  nnall 
quantify  of  acrolein  being  formed  at  the  same  time) ;  distilling  th«  heav^  oil  which 
paasea  orer;  and  rectifying  the  portion  which  distila  below  166°  C.  It  la  a  liquid, 
insoluble  in  water,  of  a^iccific  graTity  2*06  at  11''  C,  baring  a  distinctly  alliaoeoua 
odour,  and  boiling  at  idl° — 162°  C  It  is  deoompoaed  by  alcoholic  ammonia,  slowly 
in  the  cold,  compEetely  by  heating  for  sereml  hours  to  100°  C,  yielding  bromide  of 
ammoniam  and  dibromatlylamine  (i.  146): 

2C«H*Br»  ^  3NH>    -    2NH«Bt  +  NH(C"H*Br)» 
The  formation  of  this  baae   tends  to  support  the  supposition  that  the  compound 
C*H*Br*  contains  the  monatomjc  radicle  C'U*Br  (p,  896). 

Epidibromhydriij  tinitea  directly  with  2  at  bromine,  forming  the  compound  C*H'Br'  = 
(C*H*Br)'"Br*,  a  liquid  of  epeeiflc  gmrity  2-6<l,  and  boiling,  with  slight  erolattoa 
of  hydrobromiG  acid,  at  2fiO°— 262°  C. 

Xklolili»rb3rdn|:lroide.  Eptdichlorhydrin.  |C«H*)"C1*  or  ((?H*C1)'CL— Meta- 
meric  with  dichlorotrifylene.  When  trichlorhydrin  is  gently  heated  with  lumps  of 
solid  potash,  chloride  of  potassium  is  formed,  with  rine  of  temperatnre  and  riolent 
action,  and  a  distillate  16  obtuined,  consieting  of  water,  with  a  lower  layer  of  liquid, 
which,  when  freed  from  a  smull  quantitj  of  epichJorhydiin  by  agitation  with  sulphuric 
acid  diluted  with  lialf  its  bulk  of  water,  and  distilled,  yields  epidichlorhydrin,  aa  a 
liquid  boiling  with  partial  decomposition  between  101*  and  102°  C,  of  specific  grarity 
l*2l  at  20°,  haring  a  pungent,  etiiereal,  somewhat  alh'aceous  odour,  ineoluble  in  water, 
soluble  in  all  proportions  in  alcohol  and  ether.  It  unites  alowly  at  100°  C.  with  hydro- 
ehiorie,  hydro^mie,  and  hydri^^dio  acid4,  forming  triatomic  glycorides ;  with  water 
and  alcohols  it  does  not  unite,  even  at  100*.  It  unites  directly  with  2  at  bromint, 
forming  the  compound  CH*Cl»Br*  =  (C'H'CirBr»Cl,  a  liquid  inwlable  in  water,  of 
specific  gravity  210  nt  13°  C,  boiling  at  220°— 221°. 

Cbloiro1>ro'mti7dJt)f:]jrclde<.  EpichJorof^/nhydrin.  (C'H')''C!Br.  or  (C»H'Cl)*Br, 
or  (C^H*Br)'CL— ftwiuced  by  heiiting  chlorodihromhydrin  (t.  874;  ii.  808)  with 
solid  potash,  and  purified  like  the  pri-oc<liiig  compound.  CoiourIe*B  liquid,  turning 
yellow  when  «ipo««d  to  light;  smell*  like  epidichWhydrin  ;  boils  at  126° — 127"  C. 
Speeifie  gr&Tity  1*69  at  14°  C.  It  is  not  perceptibly  decompcaed  by  heating  with  water 
to  100*  C.  ftiT  two  days.  Not  attacked  by  sodium  I'n  the  cold,  but  slowly  when  heated, 
with  formation  of  bromide  of  sodium.  It  nnil.^  directly  with  2  at.  hromine,  forming 
the  compound  C*H'ClBr*  ^  ( 0»H'Cl)"^r»,  a  liquid  of  specific  gravity  2  89  at  14°  C, 
and  boiling,  with  slight  evolution  ofhydrobromic  acid,  at  238'\ 

OlbTCZSTlb.  C*H\ — ^Tbe  diatomic  radicle  which  may  be  supposed  to  axiat  in  tha 
glyddic  ethers  (p.  896). 

OIiTCOCBOKXC  ACnk  C"H"NO*.— This  acid,  discoverwi  by  L.  Omelin 
(Ilandbuch,  3'»  Aufi.  ii.  833),  oonstitute*,  in  the  form  of  a  sodium-salt,  the  Msentlal 
piirt  f>f  ox-bile,  in  which  it  is  miaed  with  small  quantitiea  of  tAurocholic  acid,  muetis, 
cholesterin,  dTolochr<imi«,  &e.  (i.  58ij).  Its  composition  and  metamorphoses  have  been 
chiefly  Btudied  by  Strecker.  (Ann.  Ch.  Pharm.  biv.  9;  Ixvii.  1;  Ixs   161  and  166.) 
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To  obtun  it  from  the  yolk  of  e^,  that  substance  is  freed  from  the  greater  part  of  iti 
water  by  heat,  then  exhausted  with  boiling  alcohol  or  ether;  the  filtrate  eraporated; 
the  residue,  consisting  of  egg-oil  and  a  viscid  substance,  collected  on  a  filter  and  left  to 
drain  in  the  hot  air  chaml^r  till  the  greater  part  of  the  oil  has  ran  off;  and  the 
residual  viscid  matter  is  pressed  between  folds  of  paper,  renewed  as  often  aa  any  oil  is 
thereby  extracted.  The  soft,  orange-yellow,  translucent  mass,  smelling  of  yolk  of  egg, 
is  then  heated  with  dilute  potash  in  the  water-bath  for  24  hours ;  the  solution  slightly 
supersaturated  with  acetic  acid,  and  filtered  from  oleic,  margaric  add,  &c. ;  the  filtrate 
precipitated  with  neutral  acetate  of  lead ;  the  precipitated  glycerophosphate  of  lead 
washed,  suspended  in  water,  and  decomposed  by  sulphydric  acid ;  the  filtrata  ooneen< 
trated  by  gentle  evaporation,  and  freed  from  a  small  quantity  of  hydrochloric  acid  by 
agitation  with  a  small  quantity  of  oxide  of  silver  and  filtration  ;  the  silver  precipitated 
by  sulphydric  acid ;  the  filtered  liquid  freed  from  a  small  quantity  of  add  pooqmate  ci 
calcium  by  saturation  with  lime-water ;  the  liquid  separated  by  filtration  from  the 
phosphate  of  caldum,  and  the  solution  of  glycerophosphate  of  calcium  evaporated  to  the 
crystallising  point.  The  crystals  are  purified  by  agam  dissolving  them  in  water,  filter- 
ing, and  reciystallising;  the  lime  predpitated  from  their  aqueous  solution  by  an  equi- 
valent quantity  of  oxalic  acid ;  and  the  filtrate  evaporated  in  vacuo.     (Oobley.) 

Glyceropbosphoric  acid  is  also  produced  by  the  action  of  baijta-water  on  leciiiin,  a 
phosphoretted  fat  contained  in  the  brain.    (Strecker,  Compt.  rend.  lii.  1270.) 

Glyceropbosphoric  add  is  an  uncrystallisable  liquid.  It  may  be  concentrated  by 
evaporation  to  a  certain  point,  but  beyond  that  it  decomposes  into  phosphoric  add  and 
glycerin.  When  concentrated  in  vacuo,  it  thickens  and  becomes  viscous.  It  has  a 
very  add  taste,  is  very  soluble  in  water  and  in  alcohol,  and  yields,  when  carbonised^  a 
strongly  acid  cinder. 

The  glycerophosphates  are  for  the  most  part  soluble  in  water,  but  insoloUe  or 
sparingly  soluble  in  alcohoL 

The  barium-salt,  C«H^Ba"PO«  (at  160°  C),  is  very  soluble  in  water,  and  is  predpi- 
tated from  the  solution  by  alcohol. 

The  calcium-aalt,  CHTCaTO*  (at  120°  C),  forms  snow-white,  pearly  lamime,  in- 
odorous, but  having  a  rather  sharp  taste.  It  sustains  a  heat  of  170°  without  decom- 
position, but  blackens  at  a  somewhat  stronger  heat.  When  boiled  down  with  lime 
and  water,  it  is  resolved  into  phosphate  of  caldum  and  glycerin.  It  dissolves  much  more 
abundantly  in  cold  than  in  boiling  water,  so  that  it  separates  almost  completely  from 
the  cold  solution  on  boiling.    From  the  aqueous  solution  it  is  predpitated  oy  alcohol 

The  Imd-salt,  CITPb'TO*  is  insoluble  m  water. 

(C"H»)"') 

a:b-rCI»OS1IXPKTnUC  AOZB.    Suljphoglt/ceric  Add,  C^H'SO's  (SO*)"  [O*. 

— (Pelouze,  Ann.  CL  Phys.  Ixiii.  21 ;  Gm.  ix.  494 ;  Gerh.  i.  770.)— Produced  by  the 
action  of  strong  sulphuric  acid  upon  glycerin.  1  pt.  of  glycerin  is  mix^  with  2  pt.s. 
sulphuric  add;  the  mass,  when  cold,  is  dissolved  in  water;  the  solution  saturated  with 
lime,  filtered,  and  evaporated  to  a  syrup ;  the  crystals  of  the  calcium-salt  wliich  separate 
on  cooling  are  collected  and  dissolved  in  water ;  the  lime  is  precipitated  from  the  solu- 
tion by  the  proper  quantity  of  oxalic  acid ;  and  the  liquid  is  filtered. 

By  this  process,  aqueous  glycerosuJphuric  acid  is  obtained  in  the  form  of  a  colourless, 
inodorous,  strongJy  acid  liquid,  which  is  so  unstable  that  it  decomposes  into  sulphnric 
add  and  glycerin  when  evaporated  in  vacuo  at  a  few  degrees  below  0°  C ,  even  if  it 
still  retains  a  considerable  quantity  of  water. 

The  aqueous  acid  decomposes  carbonates.  The  glycerosulphat«i  decompose  with 
great  facility,  and  are  very  soluble  in  water.  The  potassium  and  calcium-salts  yield,  by 
dry  distillation,  sulphurous  anhydride,  acrylic  acid,  acrolein,  and  secondary  products  of 
decomposition.     (Redtenbacher,  Ann.  Ch.  Pharm.  xlvii.  118.) 

The  bariumstdt  is  decomposed,  when  its  aqueous  solution  is  heated  with  baryta,  even 
below  100°  C,  into  sulphate  of  barium,  which  is  predpitated,  and  an  aqueous  aoluticn 
of  glycerin. 

The  calcium-tali,  C«H'«Ca"S*0",  forms  colourless  needles  which  have  a  bitter  taate. 
It  begins  to  decompose  between  140°  and  150°  C,  emitting  an  intolerable  odour  of 
distilled  tallow,  and  leaves,  first  a  carbonaceous  residue,  then  a  white  residue  of  sul- 
pbite  of  calcium.  The  aqueous  solution  is  not  decomposed  by  lime-water  at  ordinary 
temperatures,  but  after  boiling  for  a  short  time  with  lime-water,  it  contains  solphata  of 
calcium.  The  crystallised  salt  dissolves  in  less  than  1  pt.  of  water,  but  not  in  alcohol 
or  ether. 

The  lead  and  silver  salts  are  soluble  in  water. 

Tiic  sulpholeous  acid  {schwefelolige  Sdure),  which  Dulk  obtained  by  treating 
oliv«-nil  with  sulphuric  »ici(l.  and  the  sulphadipic  acid  obtained  in  like  manner 
from  hog's  lard  by  Chcvreul,  were  perhaim  iilcntical  with  glycerosulphurio  aoid. 


GLYCOCIIOLIC  ACID. 


9UI 


tloB  of  wstcr.  Thi»  is  Pettenkofer's  t««t  (mc  Bnj^  I  686).  For  the  tpplieation  of  thia 
Vvt  to  the  dft4>Gtion  of  biliary  acid*  in  the  urine,  a«e  Uaun ;  also  K«tikomm  (Ana. 
Ch-  Pharm.  cxH  30). 

GiycoeAo>tat€s,~Thf:  gf>nerul  formnln  of  thew  aalw  it  C*H"MNO"  the  acid  being 
monobMic.  AJl  the  gl^'oocholates  are  wilable  in  alcohol ;  those  of  the  alkali-  and 
eartb-rnetala  are  4>aBily  soluble  in  water;  tlie  rest  are  sparinglj  ooluble^  and  may  be 
obtained  by  precipitation.  Tbe  BolntionB  of  the  glyoochobtM  nave  a  nreet  and  slightly 
bitter  taste. 

Ammonium-$alt. — "When  dry  ammonia-gas  ia  passed  into  a  solution  of  elyooeholie 
acid  in  absolote  aioohol,  in  Huch  quantity  that  no  precipitate  is  formed,  needle>shaped 
cryatala  eeparate  from  the  liquid  after  a  while,  increasing  in  numbeT  when  it  is  left  at 
rest  in  closed  bottles.  The  addition  of  etiicr  atx'elerates  their  formation.  They  lose 
a  considerable  quantity  of  iimmnnia  when  krpt  onder  an  eihaurt^  receiver. 

Barium-talt.     Bft"(C*'H«NO*)'.— Glycochollc  acid  disBolres  easily  in  baryU-water, 
and  on  remoriDg  tha  axcess  of  barytn  by  carbonic  acid,  then  boiling,  filtering,  and 
erapomting,  glycocholate  of  barium  sepamtea  in  the  form  of  a  white  amorphoti»  vulm. 
The  caUnum-^ali  is  soluble  in  water. 
The  cupric  salt  is  a  bluish  white  precipitate. 
The/err»ff  talt  forme  yellowish  flocks,  very  soluble  in  alcohoL 
The  Itad-Mdt  is  a  flocculent  precipitate  obtained  on  mixing  neutral  acetate  of  lead 
with  an  alkaline  glycochoUte ;  the  predpitatiun  is  not  howerer  complete,  a  certain 
quantity  of  lead  alwn3's  remaining  in  solution ;  it  may  be  completely  prevented  by 
adding  ac«tic  acid  to  the  solution  of  the  alkaline  gljcocholate  before  pouring  in  the 
acfttate  of  lead.     Basic  acetate  of  lead  precipitates  eodic  glycocholate  completely ;  the 
precipitate  ia  aolnble  id  alcohol  and  in  excess  of  acetate  of  lead. 

The  maonetiuih-aait  is  soluble  in  water.  The  potauium-talt  doeely  reaemblea  the 
Rodiam-aalt 

The  silveT'Salt  a  obtained  as  a  white  gelatinous  precipitate  on  adding  nitrate  of 
silver  to  the  solution  of  an  alkalinfl  glycwholate.  The  precipitate  diwolves  partially 
on  boiling  (comtiletely  if  the  solutions  are  dilute),  and  separatee  again  on  cooling,  in 
needles  if  the  liquid  cools  slowly,  in  the  gelatinous  form  on  rapid  cooling ;  but  it 
then  becomes  cxystalline  on  addition  of  tether.  The  salt  becomes  coloured  on  exposure 
to  light. 

The  i^dium-gfilt,  C*H"NaNO*,  constitutes  a  considerable  proportion  of  ox-bile.  It  is 
obtained  in  (he  pure  state  by  dissolving  glycocholic  acid  in  aqueous  carbonate  of  audium 
and  evaporating  to  dryness;  or  by  agitating  an  alcoholic  aolution  of  the  acid  with 
efflorrfict>d  carbonate  of  sodium,  and  evaporating  off  the  atccrhol.  On  dissolving  the 
residue  in  absolute  alcohol,  and  adding  ether  to  the  solution,  glycocholate  of  senium 
■eporatea  in  stellate  groupfl  of  colourlua  needles,  exactly  like  crystallised  bil*'.  It  is 
very  iwlable  in  water,  leas  soluble  in  absolute  alcohol,  lOMI  pts.  of  alcohol  dissolving 
tfi'fl9  parts  of  it.  When  the  aqueous  solution  is  evaporated,  the  salt  separates  on  the 
edge  of  the  capsule  in  undulated  amorphous  crusts;  the  alcuholir  solution  behaves  in 
the  same  manner  if  evaporated  over  the  water-bath,  but  yieldj*  crrstals  when  very 
alowly  evaporated  in  a  flask.  According  to  Stideler  (J.  pr.  Chem.  Ixxii.  257) 
glycocholate  ofscniium  is  precipitMte<l  in  the  amornhous  state  by  ether,  even  from  the 
aleoholic  solution  of  the  pure  crystallised  salt,  and  more  completely  in  proportion  la 
the  alcohol  and  the  ether  have  been  thoroughly  freed  from  water;  whence  it  appe«n 
that  a  certain  quantity  of  water  i«  eesential  to  the  crystaUisation  of  the  salt.  In  fact, 
it  separat*;*  in  a  few  minute*  in  veiy  fine  stellate  gioapa  of  needle*,  without  any  ad- 
mixture of  the  amorphous  salt,  on  adding  to  ^e  alcoholic  solution  a  sufficient 
quantity  of  ether  to  produce  a  strong  milky  turbidity,  then  dropping  in  water  and 
stirring  till  the  turbidity  just  disappears. 

Glycocholate  of  sodium  melts  when  heated,  and  then  bums  with  a  smoky  flame, 
leaving  a  very  fusible  cinder,  which  has  an  alkaline  reaction  and  contains  a  lwg« 
quantity  of  cyanate. 

Gli/iyvholate  of  strontium  is  soluble  in  water;  atnseqcieQtly  the  solutions  of  alkaline 
glyoochohites  do  not  precipitate  the  solutions  of  strontium-aBlte. 

VaraflrcocboUo  a«id.  Thisaeid,  isomeric  with  glycocholic  add,  constitutes  that 
portion  of  the  precipitate  formed  by  sulphuric  acid  in  crystallised  bile,  wliich  i« 
insoluble  in  boiling  water ;  it  is  compoeed  of  nacreous  scales,  which  exhibit  under  the 
microscope  the  form  of  hexagonal  tablets.  Similar  crystals  are  found  amongst  the 
needles  of  glycocholic  acid  crystallised  fix)m  boiling  water ;  and  by  disisolving  the 
bitter  in  a  fresh  portion  of  boiling  water,  a  certain  quantity  of  the  insoluble  acid  may 
Le  eeparati'd.  It  agrees  with  glycocholic  acid  in  composition  (6710  per  cent.  C,  926  H, 
3't)i  N,  and  20*64  0),  and  in  all  its  propertiec,  excepting  its  cryntaUine  form  and 
insolubility  in  water ;  it  likewise  yieldic  salta  which  are  nndistanguishable  fr9m  th« 
glyeocfaolatea.     It  is  therefore  merely  a  physical  modificatioo  of  glycocholic  acid 
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but  if  the  heat  b«  «nitinued,  the  oolonr  diimppean.  Od  addiog  brdrochloHe  add  to 
th«  raflidue,  hjdiocjEnic  acid  is  disengaged,  and  the  liquid  La  found  to  contain  osalie 
acid  (HoTsford).  The  same  fiery-red  colour  is  also  produced  by  heating  glyoodne 
with  hydrato  of  barium  or  oxide  of  le«d.  Dilate  potash  and  baiyta-waUr  do  not 
climjtiiite  ammouia  from  .gtycocine. — 3.  Olycocine  heated  vith  ankifarout  baryta  gives 
off  methjlamine  (mixed  with  ammonia),  and  leavea  carbonate  of  barium.— 4.  With 
hydrate  of  potasjttnm,  the  Rame  products  appear  to  be  formed  in  the  flrrt.  instance,  but 
the  metbylamine  in  immndiately  dpcomposM  into  ammonia  and  free  hydrogen,  and  th« 
residue  contains  oxalate  of  potassium  as  well  as  carbonate : 

C'H*NO»  +   BaO        -       BaCO»  ♦   CH»N 
and 

2CH^   +   2KH0   4  2H»0       =       KH70*  +  2NH«  +  6H» 
(Cahoura,  Ann.  CL  Phys,  [3]  liii.  322;  Ann.  Ch.  PbArm.  dx.  29).— 6.  Strong  ml- 
jihuric  acid  blaekeas  glyeocmi>  vhrn  hpat«d  with  it.— tf.  When  glycocine  is  heated 
with  a  mixture  of  diluU  sulphuric  acid  and  peroxide  of  lead  or  monganftt,  carbonic 
anhydride  is  eTolred.  and  the  liquid  yielda  by  distillation  pure  hydrocyanic  acid ; 
CH'NO*   +  0»      -       C0«  +  2H«0   +   CNH. 

— 7.  Od  boiling  glycocine  with  water  and  peroxide  of  lead  alone,  a  strong  anunoniaoBl 
distillate  is  obtained,  and  the  residue  contains  carbonate  of  lead,  but  no  cyantdn  or 
formate. — 8.  It  ii*  oxidised  by  mercurou*  nitrtti«,  the  mercnxy  being  reduced  to  th«  m<>- 
tallii  state.— e.  NttroM  add  converts  glycocine  into  ^yooUie  add,  which  may  be  s«p»- 
rated  from  the  liquid  by  agitating  with  ether  and  evaporating  : 

C'H'NO»  ♦  HNO'  -  C*H«0»  +  H«0  +  N» 
(Socoloff  and  Strecker,  Ann.  Ch.  Pharm.  Ixxx.  18;  Dessaignes,  CompL  rend, 
xzxriti.  44).— 10.  Glvcocine  boiled  for  some  time  vith  mtrio  aeid^  or  ticatod  with  a 
mizt  ure  of  chlorate  ofpotastium  and  AydroeAlontf  aeid,  is  oonwtod  into  an  add,  which, 
vbeo  saturated  with  ammonia,  yields  with  diloride  of  barium  a  er^rstalline  precipi- 
tat*-,  containing,  according  to  Horsford,  C*H*Ba'0*.  The  same  add  is  produced  from 
glycocine  by  tb«  action  of  chlorine-water,  nitroru  add  (?)  or  pennanganate  of  poiat- 
«tum  (Hor«ford}.— 11.  Chlorine  go*  immediately  attacks  the  Grystals  of  glycocine, 
sepumting  water  and  hydrochloric  add,  and  produdng  a  bard  brown  substance  partly 
soluble  in  water.  The  acid  solution  when  concentrated  deposits  large  prisms.  Bromine 
and  iodine  act  like  chlorine. — 12.  Glyoodne  heated  in  sealed  tubes  with  iKncoic  add 
h  converted  tnto  hippuric  add  (D  essaignes,  J.  Pham.  [3]  zxxii.  44) : 

0»H»NO'  +  C*fl*0'       »      C»HTIO»  +  H»0. 

Hippuric  add  is  likewise  produced  by  treating  the  zinc-salt  of  glyoodne  with  Moriiia 
qf  benzoyl  (Desaigoeft,  CompL  rend,  xxxvii.  251) : 

C'H'Zn'NK)*  +   2C^H*0C1       =       Zn"Cl»  +    2C»H»N0«; 
and  by  treating  the  silver-salt  of  glycodne  with  rhloride  of  ani*yl,  C'lT'CCl.  and 
chloride  of  cumt;t,  C'*H"0C1,  addn  snalogous  to  hippuric  add  are  obtained,  via.  ani- 
Boric  acid,  C''H"NO*  and  cuminaric  acid,  C'*H'*NO». 

13.  Glycocine  mixed  in  solution  with  cyanamidr,  CN'H*.  unites  with  it,  fnming 
glycocyamtoe.  CH'N'O',  a  compound  homologous  with  creatine  (p.  95).  (8 1  r  e  c  k  e  r, 
Compt.  rend.  lii.  1212.) 

14.  According  to  Braconnot,  the  aqueous  solution  of  glycodne  is  not  thrown  into 
fermentation  by  yemi,  but  acconling  toBuchner  (Ann.  Ch.  Pharm.  buvii.  208X  it  in 
decomposed  under  the  influence  of  a  fprment,  and  in  presence  of  an  alkali,  giving  off 
carboaate  of  ammonium  and  yielding  a  number  of  other  products. 

aKataUle  Compoonda  of  Olycocine.     GlycoUamates  or  OxyactiarHaiet.^'Sam 

general  formula  of  these  compounds  is  C^«MNO»  «  (C*IPO)"  J  g. 

TikB  poiat»ium-»aIl,  obtained  by  eraporaling  a  solution  of  glycocine  in  dilute  potsflh 
to  a  syn:^  over  the  water-bath,  forms  alkaline,  very  df^Iiquesct'nt  needles,  which  must 
be  quickly  wafshed  with  alcohol.  The  harium*»alt  is  obtained  in  the  crystalline  Btat4>, 
by  tritumtinjT  glycocine  with  hydrate  of  barium,  mixing  the  semtfinid  mass  with  water. 
and  leaving  the  liquid  to  evaporate.  The  remaining  salts  are  obtained  by  heating  the 
respectivfl  oxidea  with  an  aqueous  solution  of  glycodne.  The  eadmium'^altt 
C*H*Cd"N«0«,  forms  foliated  crystals  having  a  silky  Instrs.  The  copper  tait, 
C*H*Cu"if 'O*,  is  obtained  as  above  ;  also  by  treating  a  mixture  of  glycodne  and  sol* 
phate  of  copper,  ftrst  with  potash  and  then  with  alcohol,  which  precipitates  the  oim- 
pnund  at  a  certain  degree  of  concentration  of  thp  liquid.  Itforms  blue  cry  stale,  vary  soluble 
to  watar,  not  doci^m posed  by  carbonic  acid,    .it  100<^  C,  the  crystals  give  off  their  watt-r 
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of  ervfttalliration,  atnounting  to  8  p«r  cent.,  luid  toro  grten.  The  Imd-rndt^  CHTb'K'O*, 
obuin^d  \>y  boiling  protoxide  of  !e»d  in  aqaeoiu  ^yoociii«,  Aad  evAponting  th«  ftltHtfe 
oat  of  contact  of  air,  formg  cfjlourlrw  needles,  which  are  deoompom^l  by  carbooie  aad. 
Od  adding  alcohol  to  the  filtrate  obtainiHl  after  boiling  glycocine  with  oxide  of  f 
eelourlewi  needles  ar»  formed,  resembling  cyanide  of  mercurj.  The  me 
C*H'Hg"N*0*.H'0,  forms  smiiU  crystala,  the  aqaeoiu  aolatioo  of  which  u 
posed  by  boiling,  metallic  meroiuy  being  flet«rat«l,  and  formate  of  ammoaiam 
pmdaced.  The  silver-mlt,  C*H'AgNO*.  ie  difficult  to  obtain  of  constant  comp 
On'de  of  eilrer  dinolvee  readily  in  aqaeoiu  glycocinp,  but  to  obtain  a  satoFated  ■ 
the  mixture  must  be  digested  for  some  time  at  SO'^  to  100°  C,  then  boiled  for  &  i 
vecondii,  and  filtered  at  the  boiling  heat. 

Compounds  of  Olyooclao  wltb  Aolds  ^ad  Salts,  These  oompoonds  are  prch 
duced  by  dire>ct  combiuation. 

Jettatf   of  Gli/coeine,  2C»H»N0»,C»H*O».3H'O,  ib  tirecipitated  in      , 
adding  alcohol  to  a  aolution  of  glycodoe  in  acetic  add.     It  cryst^Iises  frran  r 
in  water. 

Chr ornate  of  Glycocint.  Chromo$accharic  acid, — Chromossceharals  ef 
potassium  is  deposited  in  crystals  on  adding  alcohol  to  an  aqueoos  mixture  of  ^yoodae 
snd  add  ehromate  of  potaaraom.  It  (lecompoies  in  a  few  days,  with  separation  of  ei^' 
Iwnaeeoas  matter,  even  while  immersed  in  the  liquid. 

Hydrochloratft  of  Glycoeint^—A.  m0iuAanc  salt,  C*H«NO».HCl,  is  prodnesdliy 
boUing  hippnric  acid  with  hydrochloric  add.  It  has  an  acid,  slightly  astringent  lasts^  dis- 
solves very  easily  in  water  and  in  common  alcohol,  sparingly  in  absolote  aleohoL  Hf 
dissolving  glycocine  in  hydrochloric  acid,  and  lenving  the  solation  to  cool,  a  diboMit 
hydrochlorate,  2C*H*N0'.HC1,  is  obtained  in  crystals  belonging  to  the  trimetnc  systeaL 
Dominant  fac^  »P,  ct>P2,  oel^ao,  Poo,  ^('oo,  P.  Batio  of  prindpal  aziSt  mtr 
erodiagonal  and  brachjdiogonal,  —  1  :  1-1108  :  0*^001.  ocP  :  ceF  in  the  bmehjpdia- 
sonal  prindpal  section  -=  148"  64';  c»p2  :  odI^  »  121°  48';  P^  :Pk  -  »6*; 
jPfle  :  ^f  3D  -  131°  32*.  Cleavage  very  distinct,  parallel  to  ifao  (Schabua.ioe.dt 
p.  902).  On  adding  a  concentrated  solution  of  tetrachlonde  of  platiaum  and  eaoMS 
of  hydrochloric  acid  lo  an  aqoouus  solution  of  gljcocine,  and  then  adding  absolsts 
alcohol  dr<ip  by  drop,  cb«rry-colourod  cr}'et4ils  are  obtained  of  a  platanom-sall  < 
ing  2(C»H»N0«.Hri).RCl«. 

Glycodae  combum  with  the  ehloridi*  oi potatMum,  todivm  and  barium;  also  ^ 
Mtannout  chloride.    The  barium-compound  forms  crystals  apparently  bdo>i|ging  I 
rhombic  system,  with  the  dominant  fifices  »P,  Pco ,   ooPoo . 

Nitrate  of  Glj/cocine,  or  Nitrotaeeharic  acid,  C^'ifO'.'SO'E^ja  obtained 
by  carefully  eraporatiog  a  solution  of  glycocine  in  dilute  nitric  acid,  in  czyitals  which 
may  be  pQrified__by  recrystallisation.  They  belong  to  the  trimetric  system.  Dominaat 
faces,    oeP,    ocf  oo ,  Pao ,    ooPoo .      Ratio    of   the    principal  and   secondary  ax«i  • 

1  :  3  4122  :  2'9687.  Inclination  of  the  faces,  odP  :  o6p«  a  126^  is';  ^co  :  oefge  <• 
108°  20';  too  :  tao  -  142°  30';  oofao  :  ooPoo  =90*';  obI'oo  :  ooP  -  14«»  If. 
(Niekl^B,  Compt  chim.  1849.  p.  256).  The  crystals  have  an  add.  slightly  Mocfa^ 
rine  taste,  somewhat  like  that  of  tartaric  acid.  Nitrate  of  glycocine  when  heated 
aweUs  up  considerably,  melta,  though  not  completely,  and  gives  off  a  pungent  odov. 
It  does  not  aff«»ct  the  solutions  of  the  salts  of  the  eorth-metals  or  heavy  »"«*'*>*  It 
dissolves  iron  and  sine  with  evolution  of  hydrogen.  By  slowly  evaporatinga  aolitUB  tt 

2  at  glycocine  in  1  st.  nttiic  add,  Desaaignas  obtained  a  basic  nitrate,  2CH*NO'J((M9, 
in  crystals  resembling  nitrate  of  urea. 

mirotaccharaiu. — These  salts  are  obtained  by  saturating  the  solution  of  nitroaae- 
charic  add  with  v&riooa  bases.  The  potataium-^X^  CH'NO^.NO'K,  and  the  co/fjinw- 
sdt  crystallise  in  needles  sparingly  soluble  in  alcohol.  The  Ttutgnftium-tull  is  oncryvtal- 
lisable  and  deliquescent ;  the  ^cuf-salt  uncryBtallisable  and  gummy.  The  tinc-ttit  is 
aystallisable,  and  may  be  obtained  by  dissolving  metallic  zinc  in  nitroaacchsfie  aad. 
The«>;jp«r-«alt.  C*H*CV'>i*0*.Cu''N^O«  +  2H*0,  obtained  by  dissolving  the  copur- 
eompound  of  glycodne  in  nitric  acid,  crystaUises  in  blue  needlea,  which  give  off  their 
water  of  cr)-BtaUiBs.tioa  and  turn  grren  at  150**  C,  and  decompose  with  explosion  at 
180''  or  182°.  The  n/tMr-salt,  C'H'NO*.NO'Ag,  ciyatallises  in  needles,  whidi  alMrh 
moisture  from  the  air  and  alter  quickly  on  exposure  to  light. 

Oxalate  of  Glt/cocine  is  obtained  by  boiling  bippuric  acid  with  a  eoooenttated 
solution  of  oxalic  acid.  The  liquid  first  deprisits  bensotc  acid,  and  afterwards  oxalate  al 
glycocine.  The  salt  forms  crystals  belonging  to  the  trimetnc  system,  with  dominant 
f&c<?«  QcP,  aoPao,  oof2,Pao.  Ratio  of  principal  and  secondary  axea  »  1 :  3071&:2-793. 
Indination  of  »P  :  odPw  -  132*;  odP  :  ooP2  -  162«>;  ooP«  :  »P2  -  113«48'; 
1*00  :  a>P  =  101°  65':  Poo  :  Pw   =  11)2''  10'.     (NickUs.  loc.  cit.) 

Sulphate  of  Gtjfcocine,  or  Sulphotaccharic  Acid.     C*H*NO*.SO*H»  (T).— 


Obtained  by  diflsolTin^  gljcodne  in  ialphuric  acid,  in  lArg«  eo!otirl«*B  prisnu,  whieh 
•re  permaneQi  in  the  nir.  They  hare  a  boot  taate,  do  not  give  off  anjihing  at  100*^,  are 
■otuMs  in  ynXev  and  in  warm  aqneona  alcohol,  insohble  in  abiolnu  alcohol,  and  in 
ether.  According  to  NicklAa  {loc.  cit.),  the  (ryitaLi  belong  to  the  trimetric  tyalem, 
with  the  dominant  faceo  ooP,  copto ,  oepao  ,  Poo .  Ratio  of  principal  and  secondary 
axM  =  1:  0  4244:  03207.  Inclination  of  face*,  »P  :  aiP«  -  126»  10';  odP: 
»Pflo  s.  145°;  ooP«  ;  oof«  =9^'';  «P  :  too  ^  119°  4';  Poo  :  obP«  =*  113°; 
1*06  :  Poo  »  138'  20'.  The  compoaition  of  thi*  compound  has  not  been  aatiafactoiily 
determined.  Honfbrd  obtained  two  kindii  of  ciyatalfl^  to  which  he  assigned  the 
formute  C*H*NO*.SO»,  and  C*H^NO*.SO'.  The  fonnula  above  giren  was  eo^eetad 
by  G^rbardt.  Horaford  likcwiae  obtained  two  baaic  aolpbatee,  the  composition  of 
which  is  doubtful.  Stdphosaccharate  of  potasaiom  is  predpitatod  in  transparent 
prisma  on  adding  alcohol  to  an  aqueoos  mixture  of  glycocine  and  aeid  sulphate  <^ 
potaasiiun.  

FAhi/lglt/eociney  C*H^O*  =  C^'(C^»WO».— The  hydriodate  of  this  base  is  ol>« 
tained  by  h<»ating  glycocine  with  iodide  of  ethyl  and  aboolute  alcohol  in  sealed  tubes. 
It  forms  rhombie  crystals,  which  when  decomposed  by  oxide  of  eilrer  yield  the  base  \sk 
email  erystalB  having  an  alkaline  reaetiun.  It  forma  a  crystalline  platinum-salt. 
(Schilling,  Ann.  Ch.  Pharm.  cxxvii.  97) 

Bimrthtfi-^tjfcocinf,  C^II'NO*  =.  C?H'(CH')»NO».— The  hydriodate  of  this  bM^ 
C*H*NO'.HI,  (isomeric  with  the  preceding)  is  obtained  in  like  manner,  together  with 
another  hydriodate  (probably  of  methyl-glyoocine)  the  latter  crystallising  out  flrst. 
The  ibydriodate  of  oimethyl-glycocine  crystollisea  in  transparent  rhombic  prisms. 
(Schilling,  /or.  cit.) 

SiKlrcolMmto  aold«  C*H^O*,  and  THtftyooOattlo  addt  C*H*NO«.  (E  e i  n  t  z. 
Ann.  Ch.  Fhunn.  cixii.  257;  cxxir.  297.) — These  acids  arc  produced,  simultaneoiwly 
with  glycocine  (moDO|;lycollamic  acid)  by  the  action  of  ammonia  on  chloraoetic  aci^ 
tha  teaotions  taking  place  as  shown  by  the  equations : 

CH»L'10»  +  2NH'  -  NH'Cl  +  C^»NO» 
2CHY'10»  +  3NH'  =  2NH»a  +  C'H'NO* 
3DH»aO'    +   4NH»     -     3NH*C1   +    C»H'NO« 

To  separate  them,  the  solution  obtained  by  Iw^iling  chloracetic  acid  with  ammonia, 
aft**r  being  £r«»ed  from  sal-ummoniae  by  precipitation  with  alcohol,  is  boiled  with 
liyrlrafe  of  leud.  A  precipitate  is  then  formed  consisting  of  oxychloride  and 
triclycolkmate  of  lead  (from  whit-h  the  acid  may  be  separated  by  9ulpburett«l 
hydrogen),  and  •  iolutioD  of  mono-  and  di-glyeollamate  of  lead.  This  eolation,  aftri 
being  freed  from  lend  hy  sulphuretted  hydrogt-n.  i«  boiled  with  recently  precipitated 
carbonate  of  Einc,  wheret»y  both  the  acids  are  conterted  into  zinc-salts,  which  mar  be 
easily  separated,  the  moDoglycoUamate  («nc-salt  of  glycocine)  being  easily  soluble  in 
water,  while  the  diglyeollama'te  is  Tety  sparingly  soluble  eren  at  the  boiling  heat. 

Both  di-  and  triglycollamic  acids  in  the  free  state  are  crystalline  solids,  lees  eoluble 
in  water  than  glycociue,  inwiluMe  in  alcohol  and  ether.  Their  composition  and  moda 
of  formation  show  that  thwy  are  related  to  glycocine  in  the  pnme  manner  as  di-  and 
triethylamine  ore  related  to  ethylamine.  The  three  compounds  may  be  formulated  M 
folio  WB : 
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dieee  formulae  being  derived  from  the  water-ammonia  typee, 
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"bj  substitution  of  the  diatomic  radical,  CTH'O,  for  the  sereral  poire  of  bracketed 
hydrogen  -atom  b. 

Each  of  these  foitnnlx  contains  three  atoms  of  hydrogen  not  inclnded  in  the  ndieto 
CJ'H'O;  but  in  the  first  only  one  of  tiiese  hydtogen-atoms  belongs  to  the  water- 
molecnie,  and  is  therefore  easily  replaceable  by  metals,  whereas  the  second  formula 
contains  two,  and  the  third  three,  hydrogen- atoms  tlius  replaceable :  heoce  glycocine 
is  monobasic,  diglycoUamic  add  is  dibaaic,  and  triglycollamic  is  Iribaaic. 
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PropertU*. — Qlycogen  is  a  wMta  mealy  powd»>r,  exhibiting  so  particulftr  fonn,  eren 
nnder  the  miero«oope.  It  is  neutral,  inodorous,  and  t^tat  like  stareb.  DriG>d  ut  loa^  C. 
it  oontaina  4449  per  cent,  carbon.  649  hydrogen,  and  49-02  oxygen  (Kekale), 
agnwing  nearly  with  the  formula  C*II'*0*,  wliicb  requires  4444  C,  617  H,  and 
49-39  O. 

Glycogen  fonns  with  water  an  opalescent  solution,  which,  in  the  absence  of  fer- 
ments, do«s  not  vndogo  spontaneous  alteration  (B«rnard}.  On  eTaporutiug  the 
solntion  the  glycogen  fl«pante«  in  films  (Hansen).  Olycogen  is  precipitated  from 
its  aqueous  solntion  by  animal  charcoal  (Bernard^  and  according  to  Bernard  and 
Lehtniuin,  by  acttic  add;  but  according  to  Qomp-B«sanee,  this  precipitation  does  not 
take  place,  the  solntion  being  on  the  contrary  rendered  clearer  by  addition  of  acetic 
acid.  According  to  Bernard,  it  is  precipitated  from  aquooas  solution  by  Aotur  acetate  of 
lead  I  according  to  Hensen  it  is  not 

Glycogen  is  quite  iusolable  in  olco&o/ (Bernard);  slightly  aolable.     (Hensen.) 

/(XJIN«  colonrs  it  violet  or  bright  brown-i^d,  seldom  pore  blue  (Bernard);  riolet 
or  most  frequently  ml-brown.     (K  e k n  1  £.) 

Deeo^mpoaition*. — 1.  AH  reagents  which  transform  starch  into  angar,  aimilarlj 
change  glycogen,  first  into  a  sabstance  correspooding  to  dextrin,  thou  into  sugar 
^Bernard).  The  sugar  so  pradnced  is  identicid  with  grape-sugar  (Berthelot  and 
de  Loca,  Compt  rend.  xlix.  213).  This  tmnaformalion  is  occasioned  by  dilate 
mineral  acids,  diastase,  and  the  ferments  contained  in  the  blood,  salira,  lirer,  and 
pancreas  (Bernard).  BoHing  dilute  snlpburic  acid  first  clarifies  the  aqueous 
solution,  and  only  produces  sugar  after  con  tin  ue'd  boiling  (Kekol£). — Neutral  aqueous 
glycogen  i^  immediately  oonverted  into  sugar  by  saliva ;  the  tnutsformation  takes  place 
very  slowly,  or  not  at  lUl.  in  preseooeof  free  acid,  caustic  alkalis,  or  alkaline  carbonates 
(FaTj).  If  the  glycogen  oontailied  in  a  concentrated  decoction  of  lirer  or  musctdar 
fieah  is  WKrm«d  with  saltra,  it  ferments  on  the  subsequent  addition  of  yeast 
(Poggiale).  Qlycogen  which  has  not  undergone  this  preliminary  treatment  do«s  not 
fennent  on  addition  of  yeast.    (Bernard.) 

2,  By  romting,  giyeogen  is  oonverted  into  a  substance  similar  to  dextrin  (Bernard). 
The  dextrin  formal  thus,  or  according  to  I,  rotates  the  plane  of  polariMtion  towards 
the  right,  does  not  reduce  an  alkaline  capric  solution,  is  not  coloured  bine  by  iodine, 
and  w>ea  not  ferment  with  yeast.  It  gives  a  clear  solution  with  water,  not  with 
strong  alooboL     (Bernard) 

3.  Glycogen  yields  xyJoidin  'when  treated  with  concentrated  intrie  acid  ;  snd  oxalic 
acid  when  boiled  witb  dilate  nitric  acid  (Pf'louze).  If  concentrated  nitric  acid  is 
poured  over  glycogen  dried  at  100'^  C,  iiolution  takes  place  af^er  a  few  moments,  and, 
if  wster  is  immediately  added,  a  ouauti^y  of  xylo'idin  is  obtained  amounting  to  130 
per  cent  of  the  glycogen  employed.  If  the  nitric  acid  solution  is  allowed  to  stand  (or 
some  time,  water  precipitates  a  smaller  quantity  of  xylo'idin,  and  after  sereral  days 
none  at  all  (Polouse). — 4.  Glycogen  does  not  reduce  an  alkaline  solution  of  a  cMpm 
»alt.     (Bernard.) 

Physiological  relatioru. — The  function  of  glycogen  in  the  animal  economT  is  a 
subject  on  which  the  opinions  of  pliysioloeittts  are  much  dirided.  Bemara,  who 
discovered  it,  maintains,  that  it  is  converted  into  sugar  in  the  liver,  by  the  action  of  a 
fermeiit  contained  in  that  organ,  and  that  this  conversion  of  glycogen  into  sugar  is  ■ 
constant  and  normal  function  of  llie  liver.  This  view  is  founded  on  the  obserratioa, 
made  by  Bomard  himself  and  others,  that  in  camivoroiis  animals  the  blood  of  the 
portal  vein  is  qait4^  free  from  sugar,  whereas  that  of  the  hepatic  veins  contains  a 
c»>nsideraible  qnandty  of  it;  and  that  in  herbivorons  and  omnivorous  animals  the 
amount  of  sugar  in  the  hepatic  veins  is  slways  mnch  greater  than  in  the  portal  v«n. 
Lehmann  (Compt.  rend.  xL  228)  found  that  the  portal  blood  of  dogs  which  had  been 
kept  fasting  or  fed  entirely  on  meat  was  free  from  sugar,  whereas  that  of  tho  hepatic 
Tein  contained  a  quantity  amonnting  to  between  0-6  and  0*9  per  cent,  of  the  drie^ 
residue  of  the  blood.  When  the  dogs  were  fed  on  potatoes,  the  portal  blood  contained, 
onl^  traces  of  flugar,  the  blood  of  the  hepatic  vein  from  0-8  to  1  per  cent,  (of  the  drj 
residue).'  The  portal  blood  of  hon»e«  fed  on  brzui.  hay,  and  straw,  contained  OrOi  per 
cent  sugar,  that  of  the  hepatic  vein  f^m  0-6  to  0-i>  per  cent,  (of  the  dry  residae).  L«h- 
mann  also  fonnd  that  in  the  passage  of  the  blood  through  the  liver,  the  fibrin  dimppears 
altogether  and  the  albumin  iu  great  part ;  and  he  rapmmd  that  the  sugar  in  the  liver 
was  formed  from  the  fibnn  of  Wie  blood.  Hnrley  (Proo,  Roy.  8oc.  x.  297)  obtained 
results  similar  to  thoae  of  Bernard  and  Lehmann,  with  regard  to  the  presence  or  absence 
of  sugar  ia  the  portal  blood  according  to  the  nature  of  the  diet ;  he  also  finds  that  sugar 
is  a  normal  constituent  of  the  blood  of  the  general  circulation;  that  the  liven  of  dogs 
contain  sugar  whether  the  diet  is  animal  or  vegetable^  and  Hiat^  under  favourable 
circumBtance.s,  sugar  may  be  found  in  the  liver  of  an  BninnJ  after  three  entire  days  of 
rigid  lasting ;  and  he  concludes  that  the  sugar  found  in  tW  bodies  of  animals  fpd  on  a 
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urtronate  of  ammomQin:  CH>(NH*)0*  «  C*H*NO*  -i-  CO*  +  BH>.  This  salt  melte 
at  160°  C.  with  Tiolent  erolution  of  carbonic  anhydride ;  on  continning  the  heat,  car- 
bonate of  ammoniam  escapes,  and  at  length  there  remains  a  residue  which  solidifies  on 
cooling,  and  when  recrystallued  from  water  yields  beautiful  oystals  of  glycollamide. 
(Dessaignes,  Compt.  rend,  xxxyiii.  47.) 

Thia  sabstance  dissolves  readily  in  water,  and  sparingly  in  alcohol,  and  may  be 
reciystallised  from  boiling  alcohol,  differing  in  this  respect  from  glycocine,  which  is 
nearly  insoluble  in  alcohol.  It  has  a  faint,  somewhat  sweetish  taste,  and  slight  acid  re- 
action (Dessaignes).  According  to  Heintz,  it  is  neutral,  melts  at  120<>  C,  without 
decomposition,  and  does  not  unite  with  bases  (glycocine  melts  with  partial  decom- 
position at  170°  and  forms  salts  with  bases).  It  is  not  decomposed  by  potash  in  the 
cold ;  but  when  boiled  with  potash,  it  yields  ammonia  and  glycollate  of  potattsium, 
in  which  respect  also  it  differs  from  glycocine  (p.  903).  It  is  decomposed  in  a  similar 
manner  br  aqueous  adds.  Heated  to  100*^  C.  in  a  current  of  diy  hydrochloric  acid 
f;a%  it  unites  directly  with  the  acid,  forming  a  thick  liquid,  which  ci^stallises  on  cool- 
ing, provided  the  action  has  not  been  too  long  continued ;  but  at  a  higher  temperature 
it  IS  decomposed,  yielding  sal-ammoniac  and  glycoUide.  (Heintz,  Ann.  Ch.  Fharm. 
czziii.  212.) 

H       lo 

a&TOOUblO  AOXB.    C'H^O'  -  (CH*0)''t  .  .    Oxacetieacid.  (Soeoloff  and 

H       i^ 
Strecker,  Ann.  Cb.  Fharm.  Izzx.  18. — ^Dessaignes,  Compt.  rend.  zzzTiiL  44. — 
Keknlfi,  Ann,  Ch.  Pharm.  cv.   286.— Gm.  xii  608;  xiii.  486.— Gerh.  L  222; 
iL  930.— Sehnlze,  Zeitachr.  Ch.  Fharm.  1862,  pp.  606,  682.— Dree hsel,  Ann.  Ch. 
Fharm.  exxvii.  160.) 

Formation  and  Preparaiion.^l.  Benzogl^coUic  add,  C*H*(C^*0)0',  is  resolved  by 
boiling  with  water  to  which  a  little  sulphuric  add  is  added,  into  glyoollic  and  benzoic 
adds :  the  neater  part  is  decomposed  in  the  course  of  a  few  hours,  but  to  render  the 
decompodUon  quite  complete,  several  days'  boiling  is  required.  The  liquid  is  evapo- 
rated as  long  as  benzoic  add  continues  to  separate  on  cooling,  then  neutralised  witii 
carbonate  of  barium,  filtered  from  the  resulting  sulphate  of  barium,  and  evaporated  to 
a  syrup.  The  barium-salt,  which  crystallises  out  on  cooling,  is  dissolved  in  a  small 
quantity  of  water,  and  decomposed  by  dilute  sulphuric  add;  the  filtered  solution 
evaporated  to  a  sym^p;  this  residue  dissolved  in  ether;  and  the  ethereal  sdntion  left 
to  evaporate.    (Soeoloff  and  Streeker.) 

2.  An  aqueous  solution  of  glycocine  is  decomposed  by  nitrous  add  with  evolution  of 
nitrogen  gas  (p.  903) ;  and  the  hquid  mixed  with  ether  and  evaporated  leaves  glycollic 
add.  If  the  uquid  is  evaporated  immediately  after  the  action  of  the  nitrous  add,  the 
glycollic  add  thus  produced  is  converted  into  oxalic  add.  (Soeoloff  and  Strecker.) 
Dessusnes,  by  the  same  process,  obtained  glycollic  add  in  the  oystalline  form. 

3.  ^^rtronic  add,  C*HH)*,  is  heated  to  180°  C,  till  no  more  gas  is  evolved;  the 
reddue,  consisting  of  neariy  pure  glyocdlide,  is  washed  with  cold  water  and  dissolved  in 
potash ;  the  resulting  glycollate  ol  potassium  is  predpttated  by  nitrate  of  sOver,  and  the 
glycollic  add  is  separated  from  the  silver-salt  by  hydrochloric  add.    (Dessaignes.) 

4.  By  the  action  of  alkalis  on  glyoxal  or  glyoxylic  add  (D  ebus) : 

C«HW     +     H«0     =     C»H«0» 
Glyoxal.  ClycolUc  acid. 

2C'H»0»     +     HK)     -     CHKH     +•  C»H«0« 

GIroxrUc  OsalJc  GIroollk 

add.  ackL  add. 

6.  By  boiling  bromacetate  of  silver  with  water  (Ferkin  and  Dnppa,LM6): 

C*H«AgBrO«  +  HK)  -  AgBr  +  C*H«0». 

By  boiling  iodacetic  add  with  oxide  of  silver,  or  iodaoetate  of  lead  with  water,  or  by 
decomposing  the  solution  of  that  salt  with  snlphydric  acid  (Ferkin  and  Duppa, 
Phil.  Mag.  [4]  xviii.  54).  In  like  manner,  by  boiling  chloracetic  add  with  cauiitic 
alkalis,  or  heating  crystallised  chloracetate  of  potaseium  or  sodium,  e.  g. : 

2C»H*KC10».3H»0  =  2Ka   +   'lCm*0»  +   WO. 

Chloracetate  of  potassium,  heated  to  100° — 120°  C.  becomes  moist,  and  acquires  an 
acid  reaction ;  and  if  the  heat  be  continued  till  the  mass  becomes  dry,  and  the  rniidne 
digested  with  ether-alcohol,  glycollic  acid  dissolves  and  may  be  obtained  by  evapr>ra- 
tion  as  a  yellowish  syrup.  It  may  be  obtainnl  colourless  by  prolonged  boiling  lA  the 
concentrated  solution  of  the  chloracetate  of  pota^siom,  or  by  hf'ating  th«-  CTj-rtalli«ed 
salt  in  a  dosed  tube  for  several  hours  to  120° — 140°  C.  The  acid  thus  pn'piirf^  does 
DOC  crystallise ;  but  by  decomposing  chloracetate  of  silver  with  snlphydric  add,  and 


GLTCOLLIC  ACID. 


911 


cryutnlline  form  <m  being  touched  with  a.  poiatdd  body.  When  beatrd  in  a  retort,  tL« 
fiised  acid  begiaii  to  boU  at  100<^C.,  Hqueoiu  glji-oUie  acid  poMing  orer  »M  the  tem- 
perature oontiauHll^  rises.  AboTe  160*^  it  gives  off  extremely  pungent  rapoon,  and 
jieldfl  an  oil;  distillate,  which  on  expomire  to  the  air  gradualljr  flolidifies  to  a  deli- 
queseent  cryatalliiie  laagina.  The  ooid  obtained  b^  reduction  of  oxalic  aeid  beharea  in  a 
BimiiM- manner, but  doe-s not  begin  to  deeompoM  till  h«it«d  above  180° C.     (Scha Ixe.) 

The  ueid  prepared  from  alcolif)],  whfin  kept  for  some  time  in  the  fused  state  at  the 
temperature  of  the  water-bath,  graduulEy  loses  its  property  of  reciystAlliiiing,  and  is 
oltitnately  converted  into  an  ancrysUiUisable  syrnp  coutaining  a  higher  percentage  of 
carbon  than  pure  glycoUic  acid,  and  consisting  probably  of  a  mixture  of  that  add  with 
glyoollide.  The  syrupy  acid  thus  produced  can  only  be  partially  brought  back  to  tbn 
crystallisable  stAte  by  boilins  with  water,  and  forma  with  baaes,  salt*  which  dilTer  in 
■ome  respects  from  those  of  the  eiystalline  acid.     (See  below.) 

Gltcoi,laies, — Qlyootlic  acid  ie  diatomic  but  monobasic  (like  lactic  add)  only 
one  of  its  tjpic  hydrogen-atoma  being  salint,  that  in,  repbceable  by  metals.  The  other 
is  aleohoiie,  that  ifl  to  say,  more  easily  replaced  by  acid- radicles,  as  in  benzoglyoc^a 
acid  (»ee  Glycollic  etkbks,  p.  916).  Ttiis  difference  between  tlje  hydrogen-stoma 
may  be  conveniently  repreeented  in  the  rational  formula,  by  writing  the  alwholle  H 
ahovb,  and  the  saline  H  below.     The  general  formula  of  the  mctalbc  glycolhite«  will 

then  be  (C?H'0)"{";  that  of  benroglycoUic  acid»  (CH«0)"{" 
M       }0  H        /^ 

GltfcoliaU  of  Ammonium  (with  excess  of  acid),  C'H»(XH«)0'.CTI*C>*.— Tin's 
salt  18  obtained  by  repeatedly  evaporating  u  solution  of  glyc<jlljc  acid  in  ammonia ; 
also  by  evaporating  the  mother-liqnor  which  renmlus  in  the  prepamtion  of  glycoUa- 
mide  (p.  908),  by  ^e  action  of  ammonia  on  acid  glycollate  of  ethyl.  It  ciYstnUUc*  in 
concentric  groups  of  slender  needles,  which  are  easily  aoluble  in  water  and  in  boiling 
aleohol,  have  a  strong  add  reaction,  and  cannot  b«  dried  at  100° — 110^  C.  without 
decomposition.     (Heintz.) 

Glycollate  of  Barium,  C*H*Ba"0*,  separated  from  a  moderately  concentrated 
solutiun  forms  largo  traiisporeul  crystals ;  if  the  solution  be  evaporated  to  a  syrup 
the  salt  separatcH  in  cryetalline  crusts  (KekuU).  It  melts  when  heated,  forming  ■ 
clear  liquid,  which  cryst^iUisea  on  cooling.  At  a  stronger  hent  it  is  decomposed,  Imring 
carbonate  of  barium.     Dissolves  in  7*91  pts.  water  at  17^  C.    (Schnlse.) 

Glycollate  of  Calcium,  C'H'Ca''0",  obtained  by  boiling  the  diy  acid  with  lime- 
water,  removing  the  vifitiui  of  lime  by  carbonic  acid,  and  concentrating,  separates  on 
cooling  in  HtollAte  groups  of  asbrstos- like  needle.  It  dissolves  sparingly  in  cold  water, 
but  sufficiently  to  give  a  precipitate  with  alcohol.  The  crystals  contain  water»  |  aL 
according  to  Schulze.  whicJi  they  give  off  at  100°  C.  At  a  higher  toraperaloie  tha 
salt  burns  away,  leaving  carbonate  of  calcium  (Krkule).  Debus,  by  neutralising 
glycoUic  acid  with  chalk,  precipitating  with  alcohol,  and  rocryelnllisiug  from  wal«r, 
obtained  crystals  containing  3  at.  water,  0^H*Ca"0*.3ll'0,  which  they  gave  off  at 
lOU"^,  or  a  little  abuve.  A  double  salt  of  glye*Uat0  and  glyaryiate  of  eaJcium, 
C*H'Ca''0V2C*H*Ca"0*  +  2H'0,  crysuUises  from  the  motber-iiquon  obtained  in  tha 
preparation  of  glyoxylic  acid  (p.  022). 

Glycoilatts  of  Lead. — The  neutral  salt  crystallises  from  a  solution  of  the  baaie 
salt  in  free  glycoUic  acid,  in  beautiful  shining  monoclinic  crystals  resembling  thoao  of 
gypsum.  It  dissolves  in  about  31  pts.  water  at  17°  C,  but  is  decompoeedat  the  sama 
time  into  the  basic  salt,  which  is  precipitated,  and  free  glycoUic  acid  (Schulze). — Tho 
neutral  lead-salt  prepared  from  crystalline  glycoUic  a(^id  (by  neutralising  it  with  car- 
bonate of  lead)  cryetallis4^s  in  monodinic  prisms,  exhibiting  the  faces  aP.  wPoo  .  oP. 
Inclination  of  dinodiagonal  to  principal  axis  i-  82°  36' ;  ooP  :  obP  —  78°  6';  ceP«: 
ooP  -  129**  10';  oF  :  odP  =  di^  40';  oF :  aPao  =  97^  94';  they  are  Bomatimea 
i»bort  prisms,  sometimes  tabular  frnm  predominance  of  odPoo  .  Dissolves  in  33'1  pts. 
water  at  1&*  C.  The  Uful-salt  prppeired  fraok  the  syrupy  add  haa  the  same  com- 
position, but  forms  pointed  crystals  which  appear  as  if  they  belonged  to  the  trimetric 
system,  but  the  faces  were  too  much  striated  and  curved  to  admit  of  exact  angular 
measurement.     Soluble  in  359  pts.  water  at  15°  C.     (Dreehsel.) 

A  batie  leai-aatt,  PbO.C^n*Pb"0*,  is  obtained  by  predpitating  a  solution  of  the 
calcium-salt  in  not  more  than  HJO  pt«.  watar  with  neulrul  acetate  of  lead,  tho  neutral 
salt  being  probably  formed  in  the  first  instance,  and  then  ui'composod  by  the  water  aa 
is  above  montionwi ;  wtUi  basic  acetate  of  lead  it  is  prodnced  more  quickly  and  in 
greater  quantity.  It  is  cryBtalline,  requires  more  than  10,000  pts.  cold,  and  nearly  as 
much  hot  water  to  dissolve  it ;  but  is  easily  ec^Iuble  in  free  acetic  acid,  and  in  acotata 
of  lead,  whether  neutral  or  basic.     (Schulze.) 

Glycollate  of  Magnetium  separates  from  aqueous  solsticn  by  alow  ernpontioa 
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Mcrtate  of  lemd,  jielcU  »  precipitate  of  die;lyoolliite  of  lead,  from  vhioh  the  acid  may  b« 
obUiood  by  decompositioti  with  8ulphttw»tt«l  hydrognn.     (Heiott) 

2.  By  oiidaUon  of  DUthylane  ai^^hol. — Diethylonic  alcohol  is  riolently  attacked  by 
Bttric  acid,  with  copioiw  evoluLiori  of  red  fume*.  The  nctd  liquid  when  eTaponted 
BulidiEra  to  &  crystalline  mass ;  and  by  dissolriog  this  residue  in  water,  satarating 
wit^h  milk  of  lime,  heating  to  the  boiling  point,  filtering  to  separate  oxalate  of  calcium, 
tilterin^  again  aad  leaving  the  filtrate  to  cool,  diglycollate  of  calcinm  is  obtained  in 
loQia;  shining  needles.  The  boiling  oqueoos  solution  of  this  salt  mixed  with  nitrate  of 
silver  yields  a  precipitate  of  diglycolkte  of  silver;  and  this,  decomposed  by  sulphuretted 
bydrngen,  yiekk  diKlyw'llic  uri<L     (Wurtz.) 

A  liquid  (vintnining  nitrate  of  silver  and  milk-racar  used  in  photography  for  dipping 
piif^wtrs  imprcfnittted  with  miccinie  arid,  citric  acid,  &c.  has  been  found,  after  long 
UMnge^  to  depa«it  a  silver-salt  isomeric  with  maiate  and  diglycoUnte  of  silver 
(Kammerer,  J.  ye.  Chem.  Ijtxrriii.  321  ;  IWp.  Chim.  pure.  1863.  p.  370).  The  acid 
obtained  fh}m  this  vsh,  called  by  its  discoverer  isomalic  acid,  is  pcThaps  identical 
with  diglycoUic  acid ;  bat  the  identity  i»  not  quite  established.     (See  Isomjiijc  Acid.) 

Propirtiis,  —  Diglycoilic  acid  crystalliifes  in  thick  rhombic  pritms  containing 
C'H*0*.H-0  (Wfirtjt);  in  monotliuic  prism*  (Heintz).  Jt  has  a  very  sour  taste,  is 
inodorons,  and  has  no  action  on  polarised  light  (Heintx).  The  crystals  give  off 
their  water  slowly  in  the  air  at  ordinary  temperatures,  quickly  in  vacuo  or  at  100°  C. ; 
they  dissolve  easily  in  water  and  in  alcchoI»  Bparinply  in  ether«  The  dry  acid  meltt 
•t  148=' C,  and  solidifies  in  the  crystailiue  form  ou  c»«)liug.  Between  250  and  270**  C. 
it  decomposes,  giving  off  a  gaseous  mixture  c<jntaining  but  tittle  carbonic  anhy- 
dride, burning  with  u  blue  flame,  and  leaving  a  i>«idup  which,  when  di«tiUed  over  the 
open  fire,  yields  a  thick  strongly  acid  liquid,  which  after  a  while  solidilics  to  a  crys- 
talline mass. 

Diaji.TcoiJJiTBS. — DiglycoUic  acid  is  dibasic,  forming  neutral  «alu,  C'H'MK)*,  and 
acid  taitt,  C*H*MO*,  The  noutnil  diplycolhitcs  of  th^  alkali-metals  are  easily  soluble 
in  water;  tJie  rest  ore  sparingly  soluble,  and  may  be  obtained  bpr  precipitation.  The 
solution  of  the  free  acid  i-t  not  precipitsted  by  limf-vatrr.  but  gives  precipitates  after 
a  while  with  han/tn-  and  atrontia-watrr.  Nitrate  of  «7irr  precipitates  it  only  on 
addition  of  amiuonia  ;  the  precipitate  is  soluMe  in  excess  of  ammonia,  but  separates 
out  uDiillorcd  on  boiling  the  solution.  The  solution  of  the  ammonium-salt  immedi- 
ately fnrma  white  precipitates  with  nitrate  of  ailwr  and  mercuroiu  nitrate  ;  white 
crystalline  precipiiatea  after  a  while  with  acetate  of  trad  and  sulphate  of  fine:  blue 
crystalline  with  sulphate  of  copper;  and  reddish  crystitliiue  with  nitmto  oicoftalt. 

DigfycoUate  of  Ammonium  (acid),  C^H*(Nn')0*,  obtained  by  lioiling  Um 
calcium-salt  with  ammonia  or  carbonate  of  ammonium,  then  filtering  and  evaponttino, 
forma  long  monoclinic  prismatic  crystals,  insoluble  in  common  alcohol,  very  sparingly 
soluble  in  boiling  absolute  alcohol  (Heist z).  The  neutral  ammomuin-*alt  has  not 
bee  a  obtained  pure. 

Diglycollatf  of  Barium,  C'H'Ba''0».H'0.— Obtained  by  precipitating  the  eola- 
tion of  a  neutral  alkaline  diglycollato  with  ohlorile  of  barium,  as  a  white  crystalline 
pTPcipttate,  spftrinprly  soluble  in  cold  water,  insoluble  in  aleohoL  It  must  be  reeryo- 
tallispii  to  free  it  from  clJoride  of  ammonium  and  excess  of  chloride  of  barium,  which 
adhere  to  it  somewhat  obstinately,  and  cannot  be  removed  by  washing.     (Heiota.) 

Diffl^collate  of  Calcium,  C*H*0r''O*.6H'O,  prepared  as  above  described,  crys- 
talUsea  in  long  afaining  needlesi,  nearly  insoluble  in  cold,  sparinglr  soluble  in  boihng 
water.    It  gives  off  its  water  at  1 60"^  C.  ( Wur t as),  at  1 80°  C.     (He i d t a.) 

Digltfcoltate  of  Copper,  C*fl*Cu''0*. — Blue,  sandy,  slightly  crystalline  pre- 
cipitnte,  which  dissolves  slowly  in  water,  taking  up  at  the  same  time  a  cortain  quantity, 
which  may  be  expelled  to  the  amount  of  3  per  cent,  at  180*  C.  The  undried  aait  pro- 
bably coDtai ns  2C*H«Cu*0»  R't ),     (H  e  J  n t  z.) 

Diglyeollate  of  Lead,  C'H*?^©*,  obtained  by  precipitation,  as  above  described, 
forms  white  microscopic  crystals,  which  dissolve  sparingly  in  water,  easily  in  nitrie 
and  in  hydrochloric  acid,  and  begin  to  decompoae  with  slight  coloration  at  200°  C. 
(Heintz.) 

Diglgcallatt  of  Magnetium.  C*H'Mg"0*.3HK>.  obtained  by  saturating  the 
aqueous  acid  with  raagneaia,  forms  small  prismatic  crystals,  which  do  not  give  off  their 
water  till  heated  above  200'^  C. ;  the  anhydrous  salt  is  not  decomposed  at  240". 
(Hointa.) 

Digh/conatrs  of  Fotaa»ium. — The  acid  salt,  C*H*KO*,  ii  sparingly  soluble  in. 
water,  and  wpnnites  in  crystals  when  ooe-half  of  a  strong  solution  of  the  arid  is  nen- 
tralised  with  potA-sh.  nnd  tbi*rj  mixed  wjth  the  other  half  (Wortx).  The  crystals  an> 
trimetric  comlinntiona,  oePac  .  ooP  ,  Pac  .      Inclination   of   oeP  ;  oeP   -    112'  64  ; 
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^00  :  ^00  orer  the  principal  kdb  »  118<>  30'  (Heints).  The  ioktion  kft  to  «Uad 
in  an  open  Tesad  beoomea  covered  vith  mould.  The  salt  bhu^ens  when  heated,  givug 
off  the  odour  of  burnt  augar  (Wurta).  The  neutral  salt,  C«H<K»0»,  obtained  b^ 
neutralising  the  free  add  or  the  preceding  aalt  with  potaah,  crjntalliaM  in  long  deli- 
quescent needles.    (Heintz.) 

Dialyeollate  of  Silver,  C^H^Ag'O',  is  obtained  as  a  vhite  granular  pradpitat* 
on  adding  nitrate  of  silver  to  a  boiling  saturated  solution  of  the  caidnm-salt. 
(Wurtz.) 

Diglyoollates  of  Sodium. — The  acid  talt,  C*H»NaO»,  forms  small  tabnlar  cnra- 
tals,  Hparingly  soluble  in  water,  but  more  soluble  than  the  add  potassium-aalt.  The 
neutral  salt  is  not  deliquescent ;  it  is  insoluble  in  alcohol  even  at  the  boiling  heat. 
(Heintz.) 

IHglycoUate  of  Sodium  and  Potamum,  C*H«KNaO*.2H»0,  obtained  by  exactly 
saturating  the  add  potassium-salt  with  soda,  forms  small  tabular  pnsmatic  enrstala, 
which  have  a  nacreous  lustre,  are  insoluble  in  alcohol,  and  melt  in  their  water  of  ctya- 
tallisation  at  100^  C.  An  ammonio-todie  salt  has  been  obtained,  but  not  in  the  pure 
state.    (Heintz.) 

Digly coll  ate  of  Strontium,  C*TS*B^0^,WO,  resembles  the  barium-salt,  and 
is  prepiffed  in  a  similar  manner,  but  is  more  easily  obtained  in  a  state  of  purity. 
(Heintz.) 

(C«HT  ) 

IMclyool-athyleiilo  acid.    C!<Hi*0*  •  2(0^*0)" SO*.    (Wurti^  Compt  rend 

H»  ) 
IL  162 ;  Jahresb.  1859,  p.  446.) — This  acid  is  produced,  together  with  diglyoollic  add, 
by  the  oxidation  of  tnethylenic  alcohol  (p.  677).  This  compound  is  oxidised  by 
nitric  acid  in  the  same  way  as  diethylenic  alcohol ;  and  on  neutralising  the  resulting 
add  liquid  with  milk  of  lime,  and  proceeding  nearly  as  described  at  p.  911.  two 
ealdum-salts  are  obtained,  viz.  the  diglycollate,  which  is  sparingly  soluble,  and  the 
digljcolethylenate,  C'H^Ca'O*,  which  is  much  more  soluble,  and  crystallises  in  siUrr 
tufts,  having  the  aspect  of  asbestos.  The  aqueous  solution  of  this  salt  sives  witn 
nitrate  of  silver  a  white  predpitate,  from  which,  by  decomposition  with  siui^uretted 
hydrogen  and  evaporation,  diglycolethylenio  add  may  be  obtained  in  the  n»m  of  a 
non-crystallising  syrup. 

0XiTCOUbXO  BTBBXS.  Oxaeetie  Ethers. — By  treating  diloracetie  add  with 
sodium-alcohols  (methylate,  ethylate,  &c  of  sodiumX  Heintz  (Pogg.  Ann.  ox.  SOI 
and  489 ;  cxi.  552 ;  cxiv.  440 ;  Jahresb.  d.  Chem.  1859.  p.  358  ;  1860,  p.  314 ;  1861, 
p  445)  has  obtained  a  number  of  compounds  having  the  compodtion  of  add  elycollic 
ethers,  that  is  to  say,  ethers  derivable  from  gly^lic  add  by  the  subetitnUon  of  a 
monatomic  alcohol-radide  for  one  of  the  typic  atoms  of  hydrogen,  their  liarmation 
being  precisely  analogous  to  that  of  ^ycollic  add  itself  by  treaSng  chloraoetie  add 
with  hydrate  of  sodium  or  potassium,  e.ff. : 

C«H«C10«  +  2HNaO  -  NaCl  +  H«0  +  CHWaO" 

Chioracetie        HydraMof  Gl/coHaMoT 

acid.  lodluai.  •odiam. 

C»H*aO*  +  2C»H»NaO  -  NaQ  +  CmH)  +  C«H«Na(C«H»)0« 
ChloraMCic  EtbrUte  of  AkMhol.         Ethyl-gWeoUata  oT 

acid.  Mdlum.  lodiuiB. 

The  compounds  thus  formed  possess  the  essential  character  oi  the  add  ethen  of 
dibadc  adds,  that  is  to  say,  tney  are  capable  of  exchanging  one  of  their  atoms  of 
hydrogen,  and  no  more,  for  an  atom  of  a  metal  or  another  alcohol-radicle ;  ethjrt- 
fliycomc  add,  for  exam^e,  forms  a  potasdum-salt,  C'H^E(CH*)0*,  and  an  amyl-aalt, 
C'H*(C»H'')(CH»)0».  But  they  do  not  appear  to  be  add  ethers  of  giycollic  ad » in 
exactly  the  same  sense  that  ethyl-sulphuric  acid  is  an  acid  ether  of  sulphuric  add : 
for  when  heated  with  excess  of  alkali,  they  are  not  resolved  into  glycoUic  add  and 
an  aleohoL  Methyl-glycollic  add,  for  example,  heated  with  hydrate  of  sodium, 
does  not  yidd  methylic  alcohol  and  glycoUate  of  sodium ;  neither  does  it  yidd  beoso- 
glycoUic  add  when  heated  with  benzoic  add. 

The  molecole  of  a  monatomic  alcohol-radide  which  enters  into  the  oompontton  of 
these  add  etbeia  appears  then  to  be  more  intimated  combined  than  in  the  ofdinair 
add  ethers  of  dibitsic  adds ;  and  for  this  reason  BUsintz  supposes  that  this  alcohol- 
radide  takes  the  place,  not  of  an  atom  of  typic  hydrogen  in  the  fbrmula  ^      H*    ( ^' 

but  of  an  atom  of  hydrogen  within  the  radide  of  the  add ;  moreorw,  nnoe  the  ethers 
tiius  formed  are  monobuio  adds,  he  derives  them  from  a  monabasic  oxaoetie  add 

represented  by  the  fbrmuU    (^^^*^'|o,  and  designates  them  as  metkyl-otmotHe, 
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Hhyl'oxeeetie  aeid,  Sec.  MotHyl-ozacetic  acid,  fur  exmnple^  u  reprM^nted  hj  thfl 
monatomic  formula   [C'H'-fCH'jO'J'jQ 

WurtE,  on  tbe  other  hand  (Aran.  Ch.  FhjB.  [3]  Ux.  161),  legarda  these  compounds 
M  true  acid  e'thcra  of  gljcoUic  acid,  ao&logous  to  acid  eulphat«  of  ethyl,  &&,  and 
attributed  the  non-formation  of  gljcollic  acid  and  an  akonol,  when  they  are  bested 
with  potaah,  to  the  fact  that  the  neutral  potasiiuin-aalt  of  glycullic  acid  (C*H*K*0»), 
correiipoading  to  the  neutral  glycollic  etheni,  doM  not  exiat,  so  that  the  decomposition 
reprMented  in  the  ease  of  othyl-gtyeoUie  acid  by  the  equation, 

<'J=?i"|0«  +  2KH0  -  (C^jg)"t0.  *  '^'H'lo  +  H-O 

cannot  take  place.  Beints,  hovoTcr.  baa  shown  that  when  chloracetate  of  ethyl  \» 
heated  with  ratl)er  more  than  an  equivalent  quantity  of  glycoUate  of  aodiom,  a  true 

acid  glycoUate  of  ethyl,  'pim  M  {  ^r  i^  obtained,  which,  when  heated  with  ezeeaa  of 

a  metallic  base,  yields  ethylio  alcohol  and  a  metallic  glycoUate.  Moroover,  the  ethyl- 
salt  of  amyl-oxacetie  acid,  and  the  amyl-salt  of  ethyl-oxacetic  acid,  though  identical  in 
percentage  composition,  difler  both  in  phyrical  properties  and  chemical  reactioni, 
which  could  not  be  the  case  if  the  ethyl  and  amyl  contained  in  them  diachaiged  pre- 
tkAy  similar  functiona,  like  the  two  atoma  of  metal  in  an  ordinary  doable  oalL 

Tbo  reactions  of  these  bodies  may,  howoTer,  be  accounted  for,  without  auppoaing 
them  to  be  derived  from  an  add  different  from  glycollic  acid,  or  to  be  formed  on  any 
peculiar  typ<».  Glycollic  acid  is  intermediate  in  compo«itioD,  and  tbeiefore  in  pro- 
peitiM^  between  glycol  and  oxalic  licid : 


Glfcol 


0» 


H     \0 

GIfrolllc  aold. 


Oxalic  Add. 


£)ach  of  these  compounds  contains  two  atoma  of  tjrpic,  that  is,  replaceable  hydrogSD; 
but  in  glycol  both  these  fttoms  ure  alcohyfic,  i.f.  easily  replaceable  by  acid-radielM, 
much  less  easily,  and  only  under  thf  influence  of  powerful  reagenta,  by  metala  or 
alcohol- radiclps  (p,  576)  ;  and  these  hilter,  when  once  forced  into  it,  are  not  easily  dia- 
placed,  e.ff.  by  boiling  with  pntash.  In  oxalic  acid,  on  the  contrary,  botJi  atoms  of 
typic  hydrogen  are  saline,  that  ia  to  say,  easily  replaced  by  metals  by  ordinary  double 
decompoaition ;  while  in  the  intenufHiiate  compound,  glycollic  acid,  one  atom  of  typic 
hydrogen  is  alcoholic,  and  the  other  is  saline.  Hence  it  is  that  glycollic  acid  (like  ita 
homologiae,  lactic  acid)  exhibits  with  motnla  the  characters  of  a  monobasic  add 
(p,  910),  while,  on  the  other  hand,  it  easily  forms  derived  acids  in  which  one  atom  of 
tba  typic  hydrogen  (placed,  for  distinction,  at  the  top  of  the  formula}  ia  replaced  by  an 

C'H'O     1q 
acid  radicle,  e.g.  benxogtycdlic  acid,  (C'E^O)"/     (i.  54S),  the  remainiDg  atom  of  typie 

H    jO 
hydrogen  (placed  at  the  bottom)  being  still  roplnceablo  by  metals,  so  that  the  deiired 
acid  ia  also  monobasic.    (Eekul^,  Lthrittiih,  i^  130.) 

Now,  when  glycollic  acid  ia  formed  from  ohtoracetic  acid,  we  may  snppose  that  the 
original  saliuE!  byrlrog^^n-atom  of  the  acc-tic  acid  retaina  the  snmf  fund  ions  in  the 
glycollic  acid,  and  that  the  hydrogen -atom  which  entirs  (as  HO)  into  the  place  of  the 
chlorine-^tom,  becomee  the  second  (alcoholic)  hydrogen -atom,  replaceable  by  benzoyl 
and  other  acid-radielea;,  but  not  easily  by  mHnln  or  alcohol-radjclea.  The  innctiou 
of  thia  bydrogeB-atom  ia  in  6ict  almont  exactly  like  that  of  the  hydmgeo  in  eommoa 
alcohoL  When  either  the  one  or  the  other  is  replaced  by  ethyl,  the  pKtdaet  doea  not 
yield  alcohol  by  boiling  with  potash.  Hence  the  following  eqaationa  are  not  only 
comparable  in  form,  but  they  likewise  indicate  similar  changoa  of  properties  in  the 
nibstancea  concerned : 


cH*a 

CblorMa  of 


CH'O'Cl 
Chloi  acetic 


C*H*KO 

E(l);1ai#  of 
potMiium. 


CH'KO 

EUijlata  «r 
potaMJum. 


(?Hn 

osi<i«  or 

eibji. 

CH*     |o 
(C«H*0)" 
H       }0 

Ethyl-glrcollie 

Acid. 


-»■    KCL 


♦  Ka 


We  conclude,  then,  that  etfayl-glycoUie  acid  and  its  homologuea  (also  the  corr^ 
epondine  lactic  cthera)  diifer  from  common  ethere,  and  from  isomeric  compouuda  formed 
by  nmikr  replacement  of  the  saline  hydrogen  {e.g.  glycoUate  of  ethyl  (p.  D17]  bj 
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the  acticni  of  chloracetate  of  ethyl  on  glycolLitc  of  eodlum),  not  becanar  tbcy  ■» 
formed  oo  a  diflr<?roiit  type,  but  b«>catue  Uie  alcobol-nulicleft  are  introduced  into  their 
moloeule*  In  u  different  manner.  (On  the  seUBe  in  vbich  Heintx's  fbrmuLe  ate  ad- 
missible, see  FoHMuuj,  p.  704.)  pg, 

Ketliyl-fflycolllc  aold.  Mtthyi-axacetk  acid.   C*H*0*  -  (C^n»0)*(    — laomerie 

H        f" 

vith  lactic  add.  Pieparcd  by  diseolring  2  at  sodiom  in  melhylic  alcohol,  asd  niz- 
iue  the  solution  with  I  at.  cblonicetic  acid.  The  mixture  becomes  heated  and  depoaita 
chloride  of  sodinm,  and  on  decflnting  the  Bolntion  of  methyl-glyoollaie  of  sodiaiB, 
mixing  it  with  Bolution  of  sulphate  of  zinc,  evaporating  to  drynefla,  and  traatixig 
the  residue  with  alcohol,  a  solution  of  methyl-glycoUate  of  zinc  is  obtained.  Ob 
decompoi^ing  this  salt  vith  sulphuretted  hydrocen  and  distilling  the  filtrate,  port 
methyl-glycollic  acid  passes  over  as  a  colonrle^a  viscid  liquid,  which  is  nearly  inodonxia 
at  ordinary  temperatores,  mixes  with  water  in  all  proportions,  and  absorbs  moistowfroia 
the  air.     .Specific  gravity  I'lSO. 

Methyl-glycolUtes.— The  ammonium-«(iH  of  this  salt  is  a  Tcry  deliqneaerat 
tryatallinc  laaKS. — The  harmm-nalt,  C*H'*Bii"0*,  forms  colourless  tranap&rvnt  pris- 
matic crystals,  easily  solnblo  in  water,  nearly  insoluble  in  alcobul. — The  -"•'riTrt-mdi, 
C*Il'»Ca  0».2H0,  is  gummy,  but  gires  off  water  and  becomes  crv»talline  whan  U/h 
over  oil  of  TiLriol.— The  eoppcr-salt,  C<H*»Cu"0M2H»0,  obUine^l  by  boiling  the 
aqueous  acid  with  carbonate  of  copper,  fonns  greenish  crystals  soluble  in  wat«r  *nd  in 
ak'ubuL  The  crj-stala  are  monocliaic  prisms  exhibiting  the  combination  aep  oP. 
[Poj].  Inolinati'on  of  ooP:  oo?  in  thedinodiagonal  priaeipal  »«f:tion  =  109*— IJl®; 
oP  ;  ooP  =  84°— 80°.— The  J<^<ui-ii,ilt,  C»H'"Pb"0«  prepired  in  like  ouuincr.  is  inUbte 
in  water,  and  even  in  absolute  alcohol,  find  dries  up  to  a  white  crystnlline  muf*  re- 
sembling w&vcUite.  — The  potamum-salt,  C'H*K0*.4H*0.  is  soluble  in  water  and 
in  lilcohkiil,  has  a  great  tendency  to  form  snpcr&iiturated  solutions,  and  crystallise*  ftwa 
wiitor  in  krge  tritnapareDt  prisms  permanent  in  the  uir.  Ether  precipitate*  frMD  the 
Hlruholic  solution  a  salt  containing  a  smaUcr  proportion  of  water,  probably  3  at 
(29  7  per  cent.) — The  silver-salt,  C'H^AgO',  is  a  crystalline  precipitate,  which  sepMntca 
from  ^olutio^  in  hut  water  in  delicate  flat  needles,  and  does  not  melt  at  100^  C,~  Tb* 
ef>dium-»aU,  CH'^NaO',  is  anhydrous,  deliquescent,  and  is  pn^cipitated  by  etber  ^oiits 
alcoholic  solution  hs  &  symp,  which  dries  up  to  a  crystalline  mass  under  the  air-panpi. 
— The  sine-salt,  C*H'*Zd  "0*."2H'O,  forma  acute  rhombic  octahedrons  tnmcatcd  by  tbs 
face  oP,  parallel  to  which  the  crystals  are  perfectly  clearable.  P  :  P  in  the  termiBsl 
edges  =-  123°  18'  and  67'^23';  in  the  lateral  edges  -  li6°  43'.  100  pte.  of  water 
18-4°  C.  diasolye  274  pts.  of  the  hydrated  salt    It  is  also  aoluble  in  alcohol 

CrH»      Jo 

MbTl-rlyeolUo  aotd.    Ethyl-cxacetie  acid.    C*H*0*  -  (C'H'O)";    .     (Heinti, 

H  l" 
PopK.  Ann,  cii.  489 ;  cxi.  652.— Jahresb.  1869,  p,  360 ;  1860,  p-  314.) — ^Prepared  bythe 
actiua  of  ethylateof  sodium  on  chloracetic  acid  in  presence  of  excess  of  absolute  al- 
cuhol.  The  rc«a1ting  mixture  is  filtered  from  the  chloride  of  sodium,  which  separstfS 
out,  and  the  alcohol  is  distilled  off  The  residue  dissolved  in  water  is  mixed  with  a 
quantity  of  sulphate  of  copper  rather  more  than  equivalent  to  the  quantity  of  codiam 
used ;  the  miature  is  evaporuted  to  dryness  over  the  water-bath,  and  the  ^eeidas  if 
exhausted  with  alcohol.  *  The  resulting  solution,  which  contains  nothing  bat  esffie 
ethyl-glvcollate,  together  with  cupric  chloride,  is  erujwrated,  and  ti»e  wsidne 
repeatedly  crystallised  fi-om  water.  "To  pn^-pare  the  acid,  the  copper-salt  isdecompMni 
in  hot  aqueous  solntion  by  su'phydric  acid,  and  the  cWr  liquid  is  distilled,  the  poitiM 
which  goes  over  at  about  200='  C.  being  collected  apart. 

At  a  higher  temperatur*!  the  acid  is  di^eotnpOM-d,  yielding  a  coloarlees  dist^uw^ 
which  after  a  while  depo«its  white  pulverulent  dioxymethylene.  C^*0=  (ace  Mctby- 
uora) :  hut  if  the  di^tLUation  be  so  conducted  that  the  undecomposed  acid  can  flow  back. 
again,  it  is  for  the  most  part  resolved  into  glycollic  acid,  which  remains  in  the  retoit.  sad 
ethyl-glyeolhite  of  ethyl,  C"H\C«H')(CH*)0»,  which  distils  over  together  with  aqueoai 
«thyl-glyoQllic  acid,  the  two  liquids  forming  sepamte  layers  in  the  reeeirer: 
2C*H«0»     -     C'H'0»     +     C«H'»0*. 

Ethyl-Blrcollic  Gljrcollic  Ettiyl-gl^eoliate 

•ciU.  AcltL  or«tli>i. 

Efhyl-glyooUic  acid  distilled  with  iodide  of  phosphorus  givea  off  iodide  of  ethyl  and 
acetic  acid,  and  leaves  a  residue  containing  glycollic  acid. 

Etkyt-fftt/coUatet.—Thei  bariitm-talt,  C'H'*Ba"0«,  is  very  solnble  in  wai«randii 
alcohol,  and  crysLallises  after  some  time  firom  ths  syrapy  solution. 

*  Th«  ui»lU»olveil  retldu«  rnnUlni,  be«ide«  tu*pKate  of  copper,  •  nnall  qiuntttT  of  ■  c. 
■••■ringlf  iolubk  in  water,  aad  titvlDg  tbe  compo4iUoa  of  gtrcollaie  ofcopftr,  C«tl*Cv"0*. 


portMM 
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Th9  eopper-»aft,  C»H'*Cu''0*.2H'0,  crystallisPB  in  obliqa^  rhombic  prisms  of  a  find 
bl\M  colour,  which  melt  and  give  off  their  crystalliBation-irater  wb«n  hpnted.  100  pti. 
water  at  14°  C.  disiioke  12  34  pt«.  of  the  anhydrous,  and  14  22  pts.  of  the  i3Tt«tAlli*od 
■alt;  100  pta.  of  alcohol  of  «jwdflc  gniTity  0-82S  diMolve  174  pts.  of  the  hydrated 
aalt  at  13'5*  C. — The  *ilwr  and  nurcurous  salts  ore  white  procipitat«fl  formed  in 
eoDMotnted  solutiona  and  partially  rednced  at  th«  boiliug  heat. — The  nnc-*aU  is  not 
cryatalliaable. 

EtkvUglscoUale  of  ElAvl,  C«H'*0*  -  (CH«0)"f"  ia  obtained  as  already  dMcribed 

by  thfl  d«oompoaitioo  of  ethyl-glycollic  add.     Ita  prop«rtiea  have  not  b«en  examined. 

Etkyl-flgeoll^Ue  of  Amyl,  CH"0»  -  (C'H^ff ",  obtained  by  digesting  a  mixture 

of  ethyl-glycoUnte  of  sodittm  and  iodide  of  amyl  diluti>d  with  absolute  alcohol,  in  a 
eealed  tttbe,  d«vantiiig  the  reHultiog  liquid  from  tbi?  iodide  of  sodium  which  ■vpamtea, 
treating  it  with  mercury  to  n^moTe  excess  of  iodiuc,  und  rectifying, — is  a  trausparent, 
colourless,  rather  TJaciti  liquid,  ainkiug  slowly  in  water,  of  agreeable  fruity  odour,  boiU 
ing  between  180®  and  190**  C,  soluble  in  all  proportion*  in  alcohol  and  ether.  It  is 
decompoeed  by  alcoholic  potaah,  etuittiiig  the  penetrating  odour  of  umylic  alcohol. 
(0.  Siemens.) 

WjcoUAte  of  Btbrl.    C'H*0»  ==  (C'H=0)"(„.  (Heints,  Jahresb.  1861,  p.  446.) 

C«H*      \^ 
—This  compoaud,  isorapric,  but  not  identical  with  ethyl-glycollic  add,  is  prodnc'ed  by 
heatitig  cblonicetale  of  ethyl  witJb  ruthtT  more  thun  an  equivalent  quantity  of  glycolliil« 
of  sodium  to  130"— 150°  C. : 


0   + 


,c.Ur\l 


H 

{DH'OV" 


*        >'a      i^- 


It  disaolvea  iu  water,  forming  a  solution  which  does  not  exhibit  an  acid  reaction.  By 
boiling  with  alksilis,  it  i»  deeompi-ned,  yielding  ethylic  ahnihol  and  un  alkiiliiia 
glycollute,  a  ri^action  by  which  it  is  distinguishefl  from  the  precluding  compound. 
With  squeooa  ammouia  it  forma  gtyculiamide  (p.  90B). 

Acetogltf  collate  of  Ethyl,  C«H'«0<  -  (CH^O)".— Produced  by  heating  chlor- 

c-Ti*    ;0 

acetate  of  ethyl  with  acetate  of  sodiam.  It  is  an  oily,  mobile  liquid,  of  specific  gravity 
1*0098  at  17"^  C,  boiling  at  178^-  With  alcoholic  aromonia.  it  yields  glycollamide  and 
acetamide,  together  witli  glycollate  and  acetate  of  ammonium.  With  a  email  quantity 
of  ammonia,  the  products  are  glycoUamide  and  acetate  of  ethyl.  Aqueous  bases  de- 
compose it,  for  the  most  part,  forming  acetates  add  glycollatea ;  but  by  mixing  it  with 
water,  and  somewhat  less  than  an  equivivleut  qoantitv  of  slaked  lime,  it  may  be  con- 
Terted  into  acHogheoliate  of  calcium,  Cli'CaO'.   (H  e  i  u  t  z»  Ann.  Ck  Pharm.  cxxiii.  325.) 

Aittyl-«lycolUc  add.  AmyUoxacttk  acid.  C^'*0»  -  (CH'O)"!    .     (Heinti, 

H  i^ 
Pogg.  Ann,  cix.  301  ;  Jahreab.  1859,  p.  358. — 0.  Siemens,  Inaugural  Diatertaiion, 
Qdttingen,  1861;  Jahresb.  1861,  p.  449.^ — Produced  by  the  action  of  amylate  of 
sodium  on  chloracetic  acid.  To  obtain  it  in  the  pure  state,  98*6  grma.  of  sodium  are 
disBolred  in  amybc  alcohol,  and  to  the  resulting  amylate  of  sodium,  kept  io  the  liquid 
state  by  heat,  is  added  a  solution  of  190  gnns.  cMoracetic  add  in  amylic  alcohol :  the 
liquid,  filtered  from  chloride  of  sodium,  is  freed  from  excess  of  amyUe  alcohol  partly 
by  distillation,  partly  by  agitation  with  water.  The  aqueous  solution  of  amyl-glycollate 
of  sodium  thus  obtained  is  decomposed  by  excess  of  hydrochloric  add ;  the  amyU 
glycollie  acid  which  rises  to  the  surface  u  removed,  and  the  portions  of  add  still 
remaimng  in  the  watery  liquid  are  dissoWed  out  by  agitation  with  ether.  Tlie  whole 
of  the  amyt-glycolHc  acid  thus  obtained  is  then  subjected  to  fractional  distillation  till 
a  distillate  is  obtjuned  boiling  at  about  136°  0.     (Si  em  en  a) 

Amyl-glytx)llic  acid  is  a  not  rery  mobile  liquid,  of  specific  grarity  1-003,  boiling  at 
235"  C.,  sparingly  soluble  io  water,  but  soluble  in  all  proportions  in  alcohol  and  ether. 
It  bums  with  a  bright  smoky  flame,  giving  off  a  pungent  odour. 

Amyl'fflyeoliafet. — The  barium-salt  is  not  crystalliMble  (He tuts). — The 
eoppfrsalt,  C'*H'*Cu''0*,  obtaini'd  by  recrystallising  the  predpitate  formed  on  mixing 
the  solutions  of  equimlent  quantities  of  amyl-glycollate  of  sodium  and  sulphate 
of  copper,  forms  small  blue*green  crystals,  appearing  under  the  microiwope  as  right 
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prifiDt  with  tnaeated  aad-fteet.    It  u  »odar«tdy  MiaUa  is  akikBl,  «■▼  i 
ui  water  sad  in  ether.    It  melt*  at  110^  C.  to  »  green  liqnd,  sad  gaiimdfy 


poeee  (Siemens).— The  Mmwow  m(^  C^EP^HJeTO*. »  •tened  hy  i 
M  a  white  powder,  wfaidi  melt*  wiUi  deeompocitaan  at  170**  GL,  in  'waj  i 
aolnUe  in  water,  more  soluble  in  alediol,  f—olnbln  in  etheEn— Tin 
(rH»KO'.H*0,  is  obtained  hj  nentnlisuig  the  add  with  afeoiiDlie  pc 
theezeeasof  potash  by  cartxmie  acid,  flltenn^  erapoeatin^  and  ajataOMmgi 
small  qnantity  of  aloohd.  It  qys^allises  wi^  ddBenlfy  in  kmg  ohbqpe  Aamtam 
pisms  with  terminal  fiKes  Teiy  nmdi  indiaed  to  the  pnn^Ml  nsiSL  At  Ul^  to  ISPC, 
It  oTstallises  in  thin,  neaiiy  rectaogolar  platea,  resembling  the  siwlinm  anlf  It  is 
rerj  st^Ue  in  water  and  in  alcohol,  and  is  |»ectiiitated  from  the  almhnMB  aaiitfiBK  W 
ether  in  the  erjstalline  tnrm.  It  gtrea  off  its  water  without  mehnig  at  110^  G,  sad 
melts,  without  decomposition,  between  2W*  and  210i>  C,  It  dshqMesa  slowly  whm 
dowsed tothe  air.— The  tilversaU,  (?E*'AfgV,  k  cbtaiaai,  bj  doable  dac 
as  a  white  cordj  predpitate,  soon  becoming  lif^  red,  tad,  after  beb(g  ' 
dissohed  in  a  Imise  qoantitjr  of  boiling  water,  se|MB>tei^  am 
red  needles.  ItousolTcs  with  moderate  IbdUtT  m  aleolial,i_ 
an  in  eth«r.  When  yatetidj  pore  it  is  white,  bat  decomposes  yn^Jy  ia  eoatnet  witt 
the  air;  at  110°  C.  it  melts  and  decomposes.— The  todmm^t,  U'll-JiaO*  +  IH^ 
crystallises  from  alcohol  in  thin,  oolonriesi,  iectsi^;alarp]ates^  v^udi  diasolre  readilyia 
water  and  in  alcohol,  are  insoluble  in  ether,  giro  on  their  water  of  oyatalliaBtiaa 
without  deliqTiesdnfe  and  melt  without  decompositioo,  between  190**  and  300^  CL 
They  eflloresce  when  exposed  to  the  air,  after  a  while.    (Siemens.) 

OH"     \q 
JmU^fyeoOaU  ofethifl.    CH^K)*  «  (<7HK))-{^.— Ftaparcd  by  d^oting  a  mii. 

(?H»  [O 
ture  of  amyl-glyeollate  of  sodium  and  iodide  of  ethyl  dilated  with  abaotgts 
alcohol,  in  a  sealed  tube,,  at  the  heat  of  the  water-bath,  for  four  d&ya ;  deeaatiBg 
the  liquid  from  the  iodide  of  sodium  prodoced  in  the  reaction ;  Miahfng  it  wf 
with  mercuiT  toremore  free  iodine;  sabjecting  it  to  fractional  dirtjllation ;  tmt- 
ing  the  distillate  obtained  between  205°  and  210°  C.  with  carbcmate  of  sodiam, 
to  remore  free  amTl-glyeollie  add;  dehydrating  the  neutral  ether  thus  obtained; 
rectifying  it,  and  collecting  the  portion  which  Jesses  orer  at  212°  C.  It  ia  a  eoloar- 
lees,  mobile  li<}aid.  baring  an  ethereal  odour.  When  decomposed  by  aleoholie  potaik, 
it  does  not  emit  the  odoor  of  amylic  alcohol,  by  which  character,  as  well  as  by  its 
higher  boiling  pobt,  it  is  distinguished  from  the  isomeric  oompoiuid  ethyl-^yeoUBte 
of  amyl  (p.  917). 

VlMajl-flyeollle  aald.    Fhtm^-oxaedic add.    (^^H^  -  (CRK))*!"— Whea 

H  \0 

a  mixture  of  phenylate  of  sodium  and  chloracetie  add  is  heated  for  a  considenlib 
time  and  then  left  to  cool,  phenyl-glyoollate  of  sodium  is  obtained  aa  a  i^nallj 
solidifying  maas ;  and  by  decomposing  the  aqueous  solution  of  this  salt  -with  lndn>> 
chloric  acid,  impure  phenyl-glycollic  add  is  obtained  as  a  brown  oily  liquid,  whidi,  by 
repeated  solution  in  lukewarm  water  and  evaporation,  yields  very  thin  silky  needles, 
melting  in  warm  water  to  a  heaTy  oil  These  crystals  yielded  by  analyaia  nmnbcn 
int4xrmediate  between  (?E*0*  (phenyl-glycollic  add)  and  CH'H)'  (creeyl-^ycoUie 
add). 

Phenyl-glyooUaU  of  barium,  C'«H'«Ba'*0*.3H*0,  forms  large,  thin,  reiy  britUe  laBuaa. 
The  oopper-tall,  C'*H'K7u''0*.2HH),  forms  sparinglT  solable,  mieroeeopic,  prismatie  or 
Ubolar  crystals.— The  todium-^t,  C^'Nad^.^B^O,  erystallisee  frran  abaolute  alcohol 
in  extremely  slender  needles. — The  aqueous  solution  of  this  salt  fiirms  with  nitrate  of 
silver  a  sparingly  soluUe  predpitate,  which,  when  crystallised  from  hot  water,  yieUs 
the  lilver-talt,  0*lI'AgO*,  in  slender  concentrically  erouped  needles. — ^The  squeou 
solution  of  the  sodium-salt  also  yields  predpitates  with  acetate  of  lead  and  mereumu 
nitrate. 

When  the  warm  concentrated  aqueous  solution  of  a  phenyl-f^ycollate  is  mixed  with 
hydrochloric  add,  phenyl-glycollic  acid  separates  from  it  as  an  oil ;  the  cold  scdotioD 
heated  with  hydbochlorie  sdd  first  becomes  millnr,  and  then  on  agitation  yidds 
oystalline  flakes,  which  are  easily  fusible  and  likewise  sublimed  when  heated  for 
some  time  in  the  water-bath.     100  pts.  of  water  diaBolve  rather  more  than  1  pL  of 

the  acid;  it  is  easily  soluble  in  alcohol  and  ether.    (Heintz.)         

(TH'      >o 

Oraayl-flTeoIlle  Aald.    Creayl-oxaeaus  acid.    O^'K)'  -  (C*H*0)''f  ..— Ths 

H       )^ 
motha-lig;aor  of  the  impoie  phenyl-^^yooUate  of  sodium,  obtained  as  abom  deaeribed 
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(p.  918),  jrielded  another  sodimm-aait,  easily  soluble  to  alcohol,  difficalt  to  eryRUUiAe, 
and  04;parAt«d  by  ether  trom  the  alcohulic  solatioo,  not  in  needle*  like  the  pheojl* 
glycoUate,  bat  as  a  gelatinous  mnas.  From  this  salt  the  acid  vaa  separated  by  hydro* 
chloric  acid,  and  the  solution  of  the  ammonium-salt,  and  a  apanngly  aoluble  copper- 
mit,  C'»H"CirO'.2H»0.  were  prepared.    (H e i n  tx.) 

OATOOXUDS.  C^HK)'.  Gttfooilie  atthydride. — A  compcnnd  isomeric  irith  gly- 
cixal,  and  difll-riiig  from  plycollic  acid  by  1  at,  water.  It  is  producwl ; — 1.  By  heating 
a;lycollic  add  to  200°— 2*0°  C,  small  quantities  of  diglycollic  acid  and  dioxymethy- 
kne  bctng  formed  at  the  same  time.  (Heints,  Pugg.  Ann.  exr.  462  ;  Jahresb.  1861, 
p.  444.) 

2.  By  the  action  of  heat  on  cblora«etate  of  potassiom : 

CPH-KaO*      -      KCl  +  C"HK)« 
If  the  crjstallJBed  chloraoetato  is  used,  the  gK>at«r  part  of  the  elycoUide  thos  pro- 
duced unites  with  water  contained  in  the  salty  and  is  conrertea  into  glycollic  acid. 
(Kekuli,  Ann.  Ch.  Pbarm.  czt.  288.) 

3.  By  boUing  chloracetic  add  with  water,  and  eraporating  the  acid  liquid,  which 
also  contains  hydrochloric  acid,  to  dryness,  a  residue  is  obtained,  contiuning  glyooUide. 
(Heintx,  ioccit.) 

4.  By  beating  tartrooic  acid  to  180^  C,  as  long  as  carbonic  anhydride  continuea  to 
cacape,  pulrarising  the  reaidual  mass  as  soon  as  it  has  become  aolid,  which  takca 
aeveral  oays,  and  washing  it  with  hot  wat«r : 

C'H'O*         =         C*n*0»  +    CO*  +    H'O 

Tarttuiilc  ArM.  GlicolUdff. 

It  was  by  this  process  that  glycollide  was  first  obtained.  (Deataignes,  Compt. 
tend,  xixriii.  46.) 

Glycollide  b  a  white  taatelesa  substance;,  insoluble  in  cold  and  Tery  alightly  solubla 
in  hot  wut4*r.  It  melta  at  180°  C.  withuut  tosa  of  weight.  It  diasolrea  in  p<>tii0h, 
yielding  glycoUate  of  potaaaiom.  Heuted  with  ammonia,  it  forma  glyeoUamida  (p.  B09). 

Vt»TC01M.    JHatomie  Jkohoft. — Bodies  formed  on  the  general  type : 


(OHM))».H'0      =      ^^H''^*!^'*' 


n  —  H  giWng  the  ethylenic,  n  k=  S  the  amylenic  glycols,  &c.  The  glycols  of  each 
eeri«s  are  di-  or  potyatomic,  according  as/*  is  eqaul  to  or  greater  thnn  unity.  Thd 
general  properties  of  thcae  coTOpoan<ii  are  described  under  the  article  Axcoaota 
(i.l02)and  Ethers  (ii.  517,  622)1  Theglycolaof  amylene  (i.208:  ii  8),  ethylene 
(ij.  674),  tetrylene,  or  butylene,  and  trit}rlene,  or  propylene,  hare  been  ob- 
tained ;  but  the  ethylenic  compounds  and  their  deriratiTea  are  tha  only  onea  that 
liave  been  vwy  completely  sludipd. 

OZ.TCOSZVB.    C^'N<  -  N'(C'&«)».    (Debus,  Ann.  Ch.  Phana.  criL  199.)— 
An  organic  bmie  produced  by  the  action  of  ammonia  on  glyuzal : 
ZCBKfl  +  4NH<       -       C*H*N*  +  6H»0. 

When  a  ^rmpy  solution  of  glyoral,  heated  to  60°  or  70°  C.,  ia  mixed  with  three  timea 
its  votunie  of  strong  aqueous  ammonia  at  the  same  temperature,  the  liquid  tuma 
brown,  efili;rve«ces  elightly,  and  after  a  while  deposits  small  oystalline  needlea. 
Wlien  tlie  quantity  of  these  cryatuU  no  longer  increases  at  the  temperature  abore- 
inentioned,  the  liquid  is  left  bo  cool ;  the  still  strongly-coloured  crystaia  are  sepantod 
by  filtration,  washed  with  cold  water,  and  dissolved  in  venr  dilute  hydrochloric  acid  ; 
Che  solution  is  deoolonsed  by  animal  charcoal ;  and  the  iutrate  is  slowly  mixed  with 
very  dilate  ammania ;  it  then  deposits  glyooHine  as  a  crystalline  powder;  if  it  is  not 
ooluurlese,  the  solution  in  hydrochloric  acid,  &c.  xaost  be  xepeatedT 

Glycosine  is  a  pulreruleut  substance,  consisting  at  truncated  ftriated  priama» 
becoming  strongly  electric  by  trituration,  soft  to  the  touch,  tastaleai  and  iDOOOKMU. 
When  heated  on  platinum-foil,  it  Tolatilltiea  without  melting  and  learea  no  reaidiM ; 
it  may  be  sublimed  by  careful  heating  between  two  watch-glaaaea,  and  then  forms  a 
bulky  sublimate  consisting  of  needic-ahapcd  cr^stala  It  ia  naariy  insoluble  in  cold, 
Bparinglr  aoluble  in  bouing  water ;  easily  in  hydrochloric  and  acetic  acids.  The 
hydrodiloric  aeid  solution  concentrated  over  the  Vater^bath  yields  laisa  czyitala  of 
kifdrwhtoratt  of  glycoaine  ;  with  oxalate  of  ammonium  it  ftmna,  eapedafiy  on  itiirin^ 
H  prjBtalline  prccij)itate  of  oxalate  of  ffiycoMne  ;  with  iodide  of  potasaium,  no  preet- 
pitute;  with  cupnc  chloride,  a  green;  with  mercuric  chloride,  a  heavy  eryataUina 
prticipitato. 

OAroTSBaTIir.  C>*H*0«?  (Qornp.Beaaoec,  Ann.CLPharm.cxTiil.236.) 
"-A  substance  obtained,  together  with  glucose,  by  boiling  glycyrrhizin  with  dilute  acida. 
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It  is  a  brownish-yellow  brittle  resin,  whidb  does  not  melt  in  boiling  water,  and  ia 
insoluble  in  water,  but  soluble  in  alcohol  and  in  alkalis.  It  dissolyes  in  strong  s&l* 
phuric  acid,  forming  an  amaranth-red  solution,  the  colour  of  which  gradually  dianges 
to  purple-violet,  and  becomes  violet  on  dilution  with  water,  a  bluish-black  substance 
being  at  the  same  time  precipitated.  The  alcoholic  solution  may  be  decolorised  by 
animal  chaircoaL    No  satisfactory  analysis  has  yet  been  made  of  this  substance. 

O&TCmutBZZZa-.  C«H»*0».  (A.Vogel,  Jun.,  J.pr.Chem.xxviii  1.— Lade, 
Ann.  Ch.  Fharm.  lis.  224.— Gorup-Besanez,  ibid,  cxviu.  236.) — ^A  saccharine  sub- 
stance contained  in  the  root  of  liquorice  ((r/ycyrrAira^/a^a  and  Gl.  echinata).  It  is  best 
prepared  from  Russian  liquorice-root  (which  yields  a  less  coloured  and  more  easUy  purified 
product  than  the  Spanish  root),  by  precipitating  the  filtered  and  concentjnted  aqueous 
iniuBion  with  dilute  sulphuric  acid;  washing  the  dark  brown  precipitate  with  water 
till  it  is  quite  free  from  sulphuric  acid ;  then  dissolving  it  several  times  in  alcohol  of 
82  per  cent,  and  mixing  the  not  too  concentrated  solution  with  small  quantities  of 
ether  as  long  as  a  dark-coloured  resinous  substance  is  thereby  separated.  The  filtrate 
on  evaporation  leaves  glycyrrhizin,  as  an  amorphous  substance  easily  pulverised,  and 
containing  but  a  very  small  quantity  (0*2  per  cent)  of  ash  (Oornp-Besanei). 
Yogel  and  Lade  adopted  a  similar  process,  but  evaporated  the  alcoholic  K>lution  with- 
out first  freeing  it  from  the  dark  resinous  substance  by  means  of  ether.  8.  Martin 
(Jahresb.  1860,  p.  561)  precipitates  the  aqueous  extract  of  the  root  with  acid  tartrate 
of  potassium  (cream  of  tartar),  digests  the  precipitate  in  alcohol,  and  evaporates  the 
alcoholic  filtrate  to  dryness. 

Glycyrrhizin  is  a  light  yellow  amorphous  substance,  having  a  sweet  taste ;  sporinelr 
soluble  in  cold,  easily  soluble  in  hot  water,  soluble  also  in  alcohol,  even  in  the  cold, 
and  in  ether  by  the  aid  of  a  gentle  heat ;  alkalis  dissolve  it  with  reddish-yellow 
colour ;  the  solutions  yield  with  acids  a  precipitate  partially  soluble  in  exoeas  of  the 
acid.  The  aqueous  solution  is  precipitated  by  chloride  of  barium,  sulphate  of  msg- 
neeium,  sulphate  of  copper,  chloride  of  copper,  and  basic  acetate  of  lead. 

The  constitution  of  glycyrrhizin  is  determined  by  the  following  analyses : 

Mean  of  AnaljraM. 


CslcuUtlon. 

VogeL 

Gonip-BeMutes. 

c« 

288                61-5 

61-6 

61-6 

H» 

36                   7-6 

7-6 

7-7 

0» 

144                SO-9 

30-8 

30-8 

C««H»^»  468  100-0  100-0  100-0 

The  analytical  numbers  might  of  course  be  equally  well  represented  by  the  sim{4er 
formula  C*H'*0* ;  but  the  calcium-salt  of  glycyrrhizin  contains,  according  to  Oomp- 
Besanez,  63-9  per  cent  C,  71  H,  3077  0,  and  8'29  CaO,  agreeing  with  U>e  formula 
2C"H"OV3Ca0.4H»O,  and  the  lead-salt  240  C,  2  9  H,  1610  and  66-9— 68-46  PbO, 
agreeing  with  C"H*«0»,Pb0.4PbH0.  Hence  the  formula  of  glycyrrhizin  appean  to 
be  C^*R**Q*.  Lade  obtained,  by  the  analysis  of  glycyrrhizin,  60-6 — 61-8  per  cent  C, 
and  7"1  to  7*4  H ;  but  his  glycyrrhizin  was  impure,  containing  nitr(^n. 

Glvcjrrrhizin  is  not  fermentable.  Nitric  acid  acts  upon  it  even  in  the  cold,  giving 
o£f  abundant  red  fiimes,  and  forming  a  light  yellow  substance ;  on  applying  heat,  the 
action  becomes  stronger,  and  a  pale  yellow  crystallisable  nitro-acid  is  formec^  probably 
oxypicrie  acid,  together  with  oxalic  acid.  It  is  also  violently  oxidised  by  a  mixtaiv 
of  dbromate  of  potassium,  or  peroxide  of  manganese,  and  sulphuric  acid.  (Gorup- 
Besanez.) 

By  boiling  with  dQute  sulphuric  and  other  acids,  glycyrrhizin  is  resolved  into  gly- 
eyrretin  and  glucose,  probably  thus : 

C»«H"0»  +  H»0    -    C"H«*0«  +  C«H"0«. 

O&TOZAZto  C»H»0»  -  (C»0')''.H».  (Debus,  Ann.  Ch.  Pharm.  cii.  20 ;  cvii  1»9 ; 
ex.  316;  cxviii.  263. — Gm.  xii.  603.) — This  compound  may  be  regarded  as  an  aldehyde 
of  glyoxylic  and  of  oxalic  acid,  and  stands  between  ethylenic  glycol  (hydrate  of  ethy 
lene)  and  oxalic  acid,  in  the  same  manner  as  common  aldehyde  between  ethylic  alcohol 
(hydrate  of  ethyl)  and  acetic  acid. 

(?H«0   -  H»        «        C»H^O        -        (?H«0«  -  0. 

Alcohol.  Alc1«hrd«.  Acetic  acid.     ' 

(7H*0»  -  H«        -        C«H«0*       -        (?H«0«  -  0». 
GljrcoL  Gl/oxal.  Oxalic  acid. 

It  is  produced,  together  with  glyoxylic  acid  and  other  products,  by  the  action  of 
nitric  acid  upon  alcohol  When  tne  syrupy  neutral  liquid  obtained  in  the  prepantioD 
of  elyoxylic  acid,  is  mixed  with  several  times  its  volume  of  add  sulphite  of  aodium, 
uAvast nisXuse ia  laft  to  itself  fbr  some  hours,  the  aides  of  tha  vcaael  beoome  oovarad 
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with  a  white  crjaialHne  crust,  consisting  of  a  oompoand  of  glyoxal  with  tbo  acid 
sulphite ;  and  hj  dissolring  thla  oumpotuid  in  the  nnalleat  poseiblo  quonti^  of  boiling 
water,  and  leaving  the  fiitrsto  to  cool  i|«uetly,  tho  compoand  ia  obtained  in  nne  cry&tals^ 
which  may  be  ponfied  by  two  rccrystalliButionB.  A  further  quantity  may  be  obtained 
by  trt'ating  the  mother-Uquors  «ith  atcohoL  The  sodium-compound,  mixed  with 
diloride  of  barinm,  yields,  after  two  days,  crystals  of  tie  corresponding  bariuni- 
conipound ;  and,  by  eaactly  dcKomposinj;  tho  barium-compounii  yiiih  isulphoric  acid, 
and  evaporating:  the  filtrat«  to  remove  water  and  sulphurous  acid,  glyoxal  is  obtained  in 
the  solid  state. 

Glyoxal  appears,  also,  to  ooenr  among  the  products  of  the  oxidation  of  ethylenie 
glycol  by  nitnc  acid ;  but  its  presence  has  not  been  distinctly  proved. 

Qlyoxal  is  a  traosparcDt,  slightly  yclloviah,  amorphous  maas,  which  deliqaeaoea 
readily  when  exposed  to  the  air,  and  dissolres  with  great  fiicility  in  water,  alcohol,  and 
ether.  The  aqueous  solution  is  merely  clouded  by  nnttral  aeetaie  of  lead;  but,  on 
adding  ammonia,  a  copious  white  precipitate  is  prodaced.  Witli  nitrate  of  iVvtr  and 
ammonia  it  forms  a  beautiful  speculum  of  silver.  A  small  quantity  of  v<>ry  diluta 
wUrie  acid  converts  glyoxal  into  glyoxylic  acid ;  by  a  burger  quantity,  even  of  mj 
dilute  nitric  acid,  it  is  converted  into  oxalic  acid. 

Cautiicjixed  aUcalia  convert  it  into  a  salt  of  glycoUic  add,  e.  g.'. 

2C»H«0»  +  CaH»0«         .         C«H«Ca''0». 


A  syrupy  solution  of  glyoxal,  gently  heated  with  strong  aqueous  cmmnnia,  yields  t 

bases — viz.,  glyoxaline,  C'H*N*,  and  glycosine,  C*H*N*.*  according  to  the  equdtion»- 

"2CH-0«  +  2NH" 


8C'n'0»  +  4NH' 


J  two 

»  equation* — 
C*H'N«  ^  CH»0»  +  2U'0. 

Ghosalln*.        ForailcAcld. 
C*H«N«   +    6H»0. 

Glyoxiiline  is  by  far  the  more  abondant  product  of  th«  two. — Glyoxal  is  decom* 
posed  by  avlphydric  acid. 

Compounds  of  Glyoxal. — ^When  a  stream  of  ammonia-ga*  is  passed  into  nn 
ethereal  solntion  of  glyoxal,  a  white  precipitate  ia  formed,  oonsistiug  of  glyoxal- 
ammonia. 

Ulyuial,  like  other  aldehydes,  fbnns  cryxtulltne  eomponnds  with  the  aeid  tvlphitft 
of  atkaU-mttah.  The  ammonium-mlt,  C'^H*0*.2(XH*)HS0»  forms  shining  prinnatie 
crystal.^  very  soluble  in  water,  insoluble  in  ali-ohoL  The  aqueous  solution  is  proeipi- 
taipd  by  acetate  of  Ipad.  but  not  by  salts  of  zinc,  copper,  or  silver. 

The  barium-eall  is  deposited  from  the  hot  saturated  solution  in  ronoentrioally- 
grouped  masaes,  containing  CH'0*.Ba'nB*S'0*.|H»0.  The  aqueous  solution  ut  this 
salt,  boiled  with  a  slight  excess  of  caustic  baryta,  yields  a  precipitate  of  neutral  sulphite 
of  barium,  while  fre«  barjta  and  glyeoUate  of  barium  remain  in  solution  : 

2(O'H^0'.Bu"H^3'0*)   +   3Ba''H*0'     =     4Btt''S0«  +   C'U«Ba"0*.4H»0. 

The  iodium-salt,  Cn'0».2(NaHS0»).H»0,  forms  small  bard  crystals,  easily  solobU 
in  water,  insoluble  in  alcohol.  The  aqueous  solution,  after  boiling  tat  some  time^ 
precipitatea  acetflto  of  lead  and  chloride  of  barium. 

OZpY-dSLAXnrB.  CH^'N'.  (Debus,  Ann.  Ch.  Pharm,  crii.  199.)— An  oi;ganic  bas« 
produced  f.(niuit,'meously  with  glycosine  by  the  artion  of  strt^ng  nqueons  ammonia  on 
glyoxal.  When  the  brown  mother-liquor  from  which  the  glycosine  has  separated,  ia 
evaporated  to  a  S)'nip  at  a  gentle  heat  to  expel  free  ammonia,  a  syrupy  uncrystal- 
lisable  residue  is  left,  which,  when  mixed  with  twice  its  volume  of  a  saturated  solution 
of  oxalic  add,  soon  deposits  a  large  quantity  of  crj-stals  of  oxalate  of  dyoxaHne  (the 
mother-liquor  retaining  formic  acid,  vid.  rup.\  which  may  be  purified  by  solution  in 
water,  treatment  with  snimal  charcoal,  and  recTj-Rtallisation.  From  this  salt  the  baaa 
mavbe  separated  by  mixing  the  solution  with  chalk,  heating  it  for  some  time  to  100^  C, 
ana  evaporating  the  filtered  liquid. 

Glyoxaline  crystallises  with  difficnlty,  and  only  from  a  sympy  solution,  in  concen- 
trically grouped  cr^'^lala.  It  melts  easily ;  has  a  faint  fishy  odoor ;  volatilises  at  a 
higher  temperature  in  thick  white  vapours;  deliquesces  in  damp  air;  dissolves  easily  in 
water,  forming  a  solution  which  turns  tnrmeric  brown  and  reddened  litmus  blue ; 
neutralise  strong  adds;  prpdpitutes  the  chlorides  of  iron  and  copper  (the  latter  pre- 
cipitate re-dis8oTving  wita  blue  colour  in  excess  of  giyoxalineX  and  nitt»te  of  silver, 
but  not  calcium -salte. 

ChioropTaiitiatf  of  gljff>ntIiHe,  2(C»H«N».HCl).PiCl*.  is  a  yellow  ciyrtalline  preeipi- 
tate,  which  dissolves  in  hot  water,  and  separates  in  orange-red  prisms. 

The  oxalate,  C*H'N'.C-H'0',  forms  colourless  prisms,  whicn  do  not  nndetgo  any 

•  Kokiilt  (Lc*rft.  tt  r\)  luprMit  thki  flynxaline  and  flrrodnp  may  poulbly  b«  itomrric,  aad  rcUlsd 
to  aat  *;>o(her  m  thr  iaine  niuiner  a*  hj^drobentaiadlc  ^a<^  a>aarin«. 
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flnt  Muigned  to  thorn  the  fonnnla  C^'HO«,  nfijaTdiiig  tbo  add  u  C^*0^  Bat  iho 
oompoaition  of  the  ammoDiuin-salt  shows  that  tho  true  formulu  of  the  acid  ia  C*H*0*, 
which  ii  likewise  more  ia  accordance  with  it«  general  rektion*.* 

It  is  Dot  exactly  known  whether  glyozrlic  &cid  it  capable  of  fdrmiDg  nlta  with  2  at. 
tnetaL  An  insolahle  lead-ealt,  C*Pb"0'.H*0,  is  produced  hj  double  doi^ompoaitioD,  but 
it  ia  perhapB  a  bjuic  salt,  C«H'Pb"0'JT>"H*0«.  From  the  solntion  of  the  calcium-sal:, 
C*Ht^"0*.2H'0,  lime-water  throws  down  a  white  precipitate,  which  ia  perhaps  Lh« 
neutral  calcium-salt  C'Cu^'O' ;  but  od  the  otli«r  hand  it  is  possible  that  the  origiaal 
calcium-enit  maj  simpW  be  rcadered  ioaoiablo  by  the  addition  of  the  li]iM>waMr. 
(Eokul4.) 

The  glyoxylates  unite  with  sulphites.  A  strong  solutiott  of  add  sulphite  of  sodium 
mixed  with  syrupy  glyoxylic  acid  yiolda  the  double  salt  C*HSaO*,NaIISO* ;  and  by 
paisiog  eulphuurous  acid  gas  ioto  water  in.  which  glyoxylato  of  calcium  is  ■Qspeoded« 
and  concentrating  the  resulting  aolntioo,  crjBtab  of  the  salt  2C*H*Cii''0*.Ca"HW0«, 
lOH'O  are  obtained.     (Debus.) 

Glyoxjflatt  of  Ammonium,  C*H(NH*>0",  pi«pared  by  precipitab'ng  the  calchim-salt 
with  oialale  of  ammonium,  and  evapomting  in  vacuo  over  sulDhnrJc  acid,  forms  small 
prismatic  cryBtAli,  euily  ■olnble  in  water.  Tho  ooaoeDtiHtea  tolutioo  turns  yellow 
when  boiled,  or  when  eraporated  at  100**  G.  It  forms  cryetalline  precipitatea  with 
nitrate  of  silver  aod  acetate  of  lead,  also  with  sulphate  of  copper  after  a  while.  Potash 
evolTes  ammonia  from  it  even  at  ordinary  temperatures.  It  gives  by  analysis  26>70 
per  cent.  C,  a»d  6-76  H  (by  culcnlation  26-4  C  and  6-6  H). 

Gl^oxylat*  qf  Banum,  C*H-B«'0«.4H»0.— Prepared  by  dige«ting  diluted  glyoxylic 
acid  at  ordinary  temperaturra  with  carbonate  of  barium  till  the  acid  is  romplctely 
nentraliaed,  mad  evaporating  the  filtrate  in  vacuo.  At  a  certain  degree  of  concentra- 
tioa,  the  salt  begins  to  B4>pamtfl  in  sroAll  white  crystAls.  It  is  partly  resolved  into 
glycoUic  add  and  oxalate  of  barium  when  hented  to  120^  C,  or  when  its  aqneoiu 
solution  is  raised  to  the  boiling  point.  With  lime-wat«T,  acetate  of  lead,  and  oitrata 
of  silver,  it  behaves  like  the  caleium-salt.  By  analysis  it  gives  394  per  cent,  barioffi, 
the  above  formula  requiring  388  per  cent. 

Glyoxylate  of  Calcium,  C^H»Ca"0*.2H»0,  crystallisea  in  thin  needles  or  hard  pris- 
matic crystals,  soluble  in  177  parts  of  wattr  at  8°  C,  and  yielding  by  analysis  18*9 
per  cent.' calcium  (calculation  1801).  It  may  be  heated  to  between  160°  and  170"  C. 
without  lufis  of  weight,  but  at  180°  it  gives  off  water  and  carbonic  anhydride,  and 
yiffkla  glyeuUat*  and  carbonate  of  caldum,  together  with  a  resinous  svbetaoee.  Lime- 
water  added  to  the  solution  of  this  salt  imraedialoly  produces  a  copious  precipitate, 
which,  immediately  after  its  formation,  dissolves  readily  in  acetic  scid,  but  if  left  to 
itself  for  awhile,  or  mure  quickly  if  bulled  for  a  few  seconds  with  the  liquid,  beoomea 
insoluble  in  aeetic  acid,  being  in  fact  resolved  into  glycollate  and  oxalate  of  caldom  : 

2C'H*Ca"0"  -^  CaHK)'  =  2C»CaO«  -f-  C*H»Ca*0*. 

This  reaction  affords  the  means  of  separating  glyoxylic  from  glycollic  acid,  when  the 
two  occur  together,  a  solution  of  pure  glycollato  of  calciiun  not  being  precipitated  by 
lime-water.  It  also  serves  for  tlie  quantitative  estimation  of  glyoxylic  add,  128  pta. 
(1  at.)  of  oxalate  of  calcium  (C^Ca''0*)  corresponding  to  198  pU.  (2  at.)  of  tha 
glyoiykto  (C*H'Ca"0'.2H*0). 

G  lyuxy hte  of  calcium  forms  double  salts  with  glyeoUaie  and  laetat*  of  calchun. 
(See  ptigt)  011,  and  Lactic  ahu.) 

An  aunnonuHf/t/oxt/laie of  ccliium.  3C*H*Cft"0'.4NH*.2H*O,  ia  obtained  in  crystals  on 
pouring  chloride  of  caldum  into  a  Bolulion  of  glyoxylate  of  ammonium  in  the  smallest 
possible  quantity  of  water.  The  samu  suit  is  obtained  in  the  anhydrous  state  bj 
adding  aminonia  bo  a  boiling  saturated  dilution  of  glyoxylate  of  calcium. 

Qlyoxylate  of  Lead  forms  with  ammonia  a  compound  containing  7  aU  C^H'Pb'O*  to 

4xnr». 

Glmxylnte  of  Pota4»i«m  is  deliquescent  and  difficult  to  crystallise. 

Gl^axi/late  of  $i/ivr,  CHAgO'.H'O,  is  obtained  as  a  white  crystalline  powder, 
by  prccipiUiting  nitrate  of  silver  with  glyoxylate  of  ammonium.  It  is  but  spttringly 
»jIublo  in  cold  water,  and  is  rapidly  decomposed  by  light.  AnalvRis  give  64-1  and 
63-9  per  cent  silver,  the  formula  requiring  54*2  per  cent  It  unites  with  ammonia, 
formiBg  a  salt  containing  4  at.  CHApO"  to  3NH*,     (Debus.) 

Glt/oxylaii  of  Zinc,  C'll-Zn"0*.4lI-0.— Produced  as  a  white  crystalline  precipi- 
tate on  adding  a  strong  solution  of  glyuxybite  of  calcium  to  acetate  of  zinc.  It 
dissolves  Bparinglyin  water,  easily  in  acetic  acid,  hydri>cLloric  acid, and  caustic  potash. 
After  drjing  over  oil  of  vitriol,  it  gave  by  aniUysis  3800  and  3873  per  cent,  xinc,  the 

•  RekaU  {/j-^rA.il.  Sl»*piiHet  the  ttrw  gUox^Hc  acid  lo  the  coapooBd  C*tl*0>,  and  flv- 
o xy  1 1  c  ac  I  d  to  the  addi  CK*0'  picducea  tpy  tb'e  tkoooipotiUoa  of  farocMtfljrcoUaU  of  lUver  (p.  9tx>, 
ana  bjT  tbereduclloD  of  ojulicaclcl. 
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ionnula  rpqniring  37 '64  per  cent    The  2  at,  wnter  cannot  be  remored  witbofot  deocnn* 
posinj;!  the  suit. 

OMBIiZirrTB.  Soda  Chahasite.  HydrdUtt.  Her»che}ite.—K  hydnt«d  silicate  of 
Itluminium,  CAleium,  and  sodium,  vhose  compni^itioa  is  expressed  by  thf  sane  geoeral 
formula  as  that  of  chabafiite,  vis.  M»O.Al*0».4SiO''.6H*0,  or  M»(ar)«8i*0'*.6jiq..  but 
with  a  larger  pToportion  of  Bodium.  It  ooctUB  cryBtallisiHi  in  hexagonal  pjrmmidi, 
1  baring  the  termuial  Bominita  and  Intenil  edges  truncated  (P .  oP .  oeP).  Angle  P :  P  in 
^e  terminal  edges  =  142°  26' ;  in  the  lateral  edges.  80°  8' ;  oP :  P  =  139°  -ie*.  It  i» 
uanally,  however,  rcjojardcd  ns  rhombohedral,  and  the  dystals  as  tirina  neoondaiT*  to  a 
rhombohedron  of  8(3°  18'.  It  is  disiinguishfd  froio  chaba&ite  by  its  perfi>^ct  c1c«t?(|^ 
parallel  to  the  faces  of  aeix-aided  prism  (O.  Rose).  Hardnees  =  4*5;  specificpranty 
—  21)4-212;  lustre  vitreons;  colourless,  yellowisb-wliite,  reddisb-wbife.  or  fl««h-ml'; 
tranBlucent;  brittle.  It  behavea  like  chabasite  before  the  Wow-pipe,  and  gflatiniMS 
with  hydrochloric  aoid. 

The  following  are  analyses  of  gmelinite  from  Glenann : — a.  By  CooncU  ( 
N.  Phil.  J.  1838).     6  and  c  by  Rammelsberg  (Pogg.  Ann.  xlix.  211) : 
SIO*  Al«0»  Fb»0»        CO  Nii«0  K»0  H»0 

48-66         1806         0-11         513         3-86         039         21-66         ^  9776 

4640         2109  ...  3-67         7-29         160         20  41  -        100'4fl 

4656         2018  ...  3-89         709         1-87         20-41  •        lOO-OO 

Gmelinite  occurs  in  amygdaloid  roc^ks  at  Monteecbio  Macgiore^  and  at  Castel  in  tiis 
Vicpntinc.  at  Qlen&rra,  comity  of  Antrim,  Ireland,  and  in  t£©i*land  Magee. 

Herselu'litr  from  Ema  ha*  the  same  foraittb  ad  gmeUaite,  bot  with  J  leAS  water. 

Ijulreritf,  from  Jackson,  Nora  Scotia,  has  the  form  of  gmelinite,  and  likewise  the 
same  composiUon,  but  with  ouly  one-third  the  amount  of  water.     (Dans,  iL  *21,) 

G'KA^BJkltSWi,    The  a»h  of  Gnafihafium  Ui^nlopodium,  L.,  has  been  examined 
by  A.  B.nicr   (Wicn,   AJcad.  Ber.  iirri.  200).        100  p«i.  of  the  plant  (stem,  leaxM^ 
and  flowers)  yielded  6'5  pis.  ash,  containing,  after  dcdactioD  of  charcoal  and  Band : 
K»0         KCI         C«0  MgO      Fe^U^PK>»     I^O*         SO*        SiO«  CO* 

29-02       713       23-76       670         163         5  47       604      098       2027     -      10000 

OKBZS8.     A  rock  hnring  the  same  composition  as  granite,  bat  distinguiflbed  froia 
it  by  possessing  a  partially  stratified  stmctore.     In  granite,  the  qnarta,  fcLipar,  i 
mica,  are  intergrown  bo  as  to  form  a  crystallogrannlar  mixture ;  but  in  gneiss  onhf  I 

qtuulE  and  felspar  are  thus  intergiuwn,  whereas  the  nrica  ia  disposed  in  parallel  laye 

giving  the  rock  somewhat  of  a  slaty  character.  The  qoantitativo  relations  of  the 
component  minerals  in  gneiss  are  as  various  as  La  granite,  and  the  mica  \s  often  nwrt 
or  less  replaced  by  hornblende  or  talc,  less  frequently  by  chlorite  or  graphite.  Gneiss 
also  contains,  as  accessory  constitaents,  garnet,  tourmaline,  epjdote,  cordicrite.  onda- 
lusite,  serpentine,  cyanite,  iron  pyrites,  magnetic  pyrites,  spMular  iron,  titaaifisKins 
iron,  magnetic  iron  ore,  rutile,  floor  spar;  it  is  peculiarly  rich  in  meUdlifennu  veina. 

For  Scheercr  s  examination  of  tiie  r«l  and  grey  gneiss  of  the  Saxon  Erzgebii;^  as 
Jahresl).  f.  Chom.  1861,  p.  1076. 

OOXiniKZTB.     See  Idocbasx. 

OMIUD.  Atomu!  weight,  196.  Symbol,  Al^.  (Gm.  vi.  201.— HegnftUlt^  ikm»L, 
mentairf  de  Chimie,  iii.  274. — Pelonzo  et  Fr^my,  Traitl,  Hi.  392. — ^DftBfl;  IL  TjS 
lire's  Dictionary  of  Arta,  Manufacturtt,  and  Mints,  ij.  381.^Gold  is  widely  diatriboit 
over  the  globe.  It  is  almost  always  found  native,  sometimes  pure,  bat  generally  more  or 
less  alloyed  with  stlTor.  It  occurs  in  the  crystaUine  rocks,  the  compact  metamorphie 
locks;  the  trachytic  and  trap  rocks,  and  allavial  grounds.  It  is  sometioMS  fitoad 
crystallised  in  cubes,  octahedroas,  and  other  forms  belonging  to  the  regular  system: 
more  commonly  in  fllifonn,  zebiculated,  and  arborescent  Boapes  ;  also  in  tiiin  lamins ; 
often  in  fiattcncd  grains  or  scales,  and  in  rolled  masses  in  gravel  or  sand  detritus. 
Tbcee  mosses,  when  of  a  certain  »ir.e,  ore  called  pcpitag  or  nuggrt^  In  crj-stalline 
rocke,  gold  occurs  chiefly  in  veins  containing  ores  of  other  metals,  such  as  iron-pyrites, 
copper-pyrites,  galena,  and  sulphide  of  silcer.  In  auriferous  pyrites,  the  gold  u 
generally  present  in  too  .small  a  quantity  to  be  visible  when  the  mineral  is  in  it* 
natural  state.  Some  varieties  of  this  mineral  contain  not  more  than  one  five-milliantb 
port  of  their  weight  of  cold,  which,  nevertheless,  may  be  profitably  extracted.  The 
greatest  quantity  of  gold  is  obtained  from  the  alluvial  deposits  f.jrmed  by  the  disinieg- 
r«tion  of  ancient  auriferous  strata.  The  rock  deposits  of  California  and  Australia  aw 
chiefly  of  this  kind.  The  sands  of  rivers  issuing  from  primitive  mountain  chains 
almost  always  contain  small  quantities  of  ^Id.  In  Eiirojje  j?o!d  is  most  abundant  i] 
Hungary  and  Traueylvania.  It  occurs  also  in  the  sand  of  the  Rhine,  the  Eeusa,  and  t 
Aar ;  on  the  southern  slope  of  the  Pennine  Alps,  fitjm  the  Simplon  and  Munt«  Rosa  to  1^ 
V^ald'Aosta;  iu  Piedmont;  in  Spain,  the  mines  of  Asturias  having  be«D  in  ancient  tiiB« 
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thft  principal  «ourc«  of  the  gold  obuined  In  Eniope ;  in  many  of  the  fltreams  of  Corn* 
wall ;  near  Dolgelly  and  other  nartJ  of  North  >Yaleis ;  in  Siwtland  in  oensiderabU 
amount  near  Lca«ihill8,  and  in  Olen  Coicfa  and  othiT  parts  of  Pertfashirp ;  in  Irel&nii, 
iu  the  couBt;  uf  Wicklow ;  and  in  Swcdon,  at  Edelfon.  In  Asia  rainable  minra  exirt 
iu  the  Ural  mountaina  at  Beresof^  and  other  places  on  the  ta»lvm  flank  of  the  litng<*, 
and  in  the  eomparatirplj  level  portions  of  Siberia ;  alao  in  the  Alui  mowitaim,  and 
in  tlie  Cailas  raoontaina  in  Little  Thibet.  Gold  ia  alao  found  in  China,  Japan, 
FormoBa,  Ceylon,  Java,  Sumatra,  Borneo,  and  the  Fhilippinei.  In  AiHra  there  are 
mines  at  K(»\iafan,  between  Darfonr  and  Abyssinia :  ajjo  aouth  of  Sahara  from 
Senegal  to  Cape  Palmaa ;  also  in  the  interior  on  the  Somst,  •  da3r*B  jounn-j  ftom 
Caasen ;  alao  along  the  coaat  opposite  Madagaacar,  supposed  to  hara  been  the  Ophir 
of  Solomon.  In  South  America  the  principal  gold*podQeing  districts  are  in  Brazil, 
especially  near  Villa  Riea,  and  in  the  province  of  Minos  Oeraea ;  in  New  Granada, 
and  in  Chile,  In  Peru  gold  ia  found  but  Bpariuiirly.  In  Central  America,  gold  is  found 
in  Oujttemala  and  near  Panama;  in  North  America,  in  Mexico,  in  the  Southern 
Unit«d  States,  io  British  Columbia  along  the  course  of  the  Fraaar  Hirer,  in  Nora 
Sootia,  and  very  abundantly  in  Ctilifornia,  between  the  Sierra  Nevada  and  th* 
Sacramento  and  San  Joequim.  Lastly,  rerjr  large  qnaotaties  of  gold  are  found  ia 
Australia,  chiefly  to  the  westward  of  Bathurst,  about  160  miles  from  Sidney,  and  in 
the  Victoria  colony.  Gold  is  also  found  in  Van  Diemen's  Land  and  New  Zealand 
Formerly  the  chief  supply  of  gold  was  obtained  from  the  mines  <rf  Bmztl,  Hungary, 
uid  the  Ural  Mountuins,  but  California  and  Australia  now  yield  by  fur  the  biggest 
qufttitity.     The  new  gold-field  of  British  Colombia  is  also  very  productive. 

The  purest  specimens  of  native  gold  bare  been  obtained  from  Schabrowski,  near 
Eathariuenburg,  in  tho  UraL  A  specimen  analysed  by  G.  Boae  was  found  to  cnntAia 
98'96  per  ciiut.  of  p)ld.  Very  pure  gold  has  alito  been  found  m  Nora  Scotia;  a 
npecimen  from  Tangier  was  found  by  Marsh  (SilL  Am.  J.  1881,  p.  396)  to  contain 
9&'13  per  cenL  gold;  another  from  Luncnbourg  contained  92'Oi  percent.,  the  remainder, 
in  both  cases,  being  silver  and  copper,  with  traces  of  iron.  The  Colifumian  gold 
avenges  from  87'6  to  88'5  per  cent,  and  the  Australian  96  to  00*6  per  cent.  In  aom» 
>-HriiMies  of  native  gold,  e.jr.  from  Linsrowski.  in  the  Altai,  the  percentage  of  ^Id  is 
aa  low  as  60  per  cent,  the  remainder  being  chie6,v  silver.  Ttu.<re  is  also  an  annferous 
sikur  found  atKonigsberg,  in  Hungary,  containing  28  per  ctiit,  ^uld  and  72  silver. 

Extraeiion. — Gold  is  sepaiated  from  the  substances  with  which  it  is  mechanically  asso> 
ciute<l,  either  by  washing  with  water,  whereby  the  earthy  matters  are  carried  away,  while 
the  heavy  gold  remains  behind,  or  by  amalgamation.  The  rich  ores  in  which  the  native 
gold  is  apparent,  and  merely  diaaeminatcd  in  a  stony  gangue,  are  directly  tritunt«d  with 
mercury,  without  any  preparatory  treatment.  Tne  poorer  ores,  in  which  the  gold 
seems  luai  amid  a  mass  of  iron,  sulphide  of  copper,  &c,  arc  roasted  before  amalgam»> 
tion,  to  lay  bare  the  gold.  The  small  qnanti^  of  gold  which  occnra,  generally  aaao- 
ciated  with  silver,  in  certain  lead  and  copper  ores,  is  extracted  by  eliquation  and 
cupellstion.  By  these  proceasea  (see  Coffer,  p.  32,  and  Silvsk)  gold  is  obtained 
free  fh>tn  all  other  metals  except  silver;  and  from  this  it  may  be  separated  by  nitrio 
add,  which  diESolves  the  silver,  but  only  when  it  forma  a  laige  proportion  of  the  alloy. 
When  nitric  acid  docs  not  dismlve  the  silver,  the  alloy  is  snbmitted  to  an  opentioo 
termed  partina  oTguartation,  which  consists  in  fusing  it  with  four  times  its  weight  of 
silver,  after  which  the  whole  of  the  silver  may  be  dissolved  out  by  nitric  acid. 

Pure  gold  may  be  obtained  from  any  alloy  containing  it.  by  dissolving  the  alloj  in 
A  mixture  of  two  measures  of  hydrochloric  and  one  measure  of  nitric  acid  ;  sepaiaUng 
the  solution  from  insolnble  chloride  of  silver  by  filtration ;  evaporating  it  over  the 
wutor-bath  till  acid  vapours  cease  to  be  exlialed  ;  then  dissolving  the  reaidne  in  water 
acidulated  with  bydrowloric  acid ;  and  ailding  protoKulphate  of  iron,  which  cumpletelj 
precipitates  the  gold  in  the  form  of  a  brown  or  brownish-yellow  powder,  the  proto- 
sulphate  of  iron  being  at  the  same  time  eonveatad  into  ■eaqolBalphate  and  tMqvi- 
chloride : 

6FeS0«  +  2AuCT«  =  2Fe'(S0«)»  +  Fe'-Cl«  +  Au«. 
The   gold  thus  precipitated  is  quite  destitute  of  metallic  lustre,  but  acquires  th«l 
chanicter  by  bomiahing. 

From  alloys  of  gold  and  silver,  or  of  gold,  sflver,  and  copper,  the  gold  any  be 
separated  by  the  action  of  strong  sulphuric  acid.  The  alloy,  after  baiag  gimMibtad 
by  pouring  it  in  the  melted  state  into  water,  is  heated  in  a  platinum  or  euk^tna 
vessel  with  2^  times  its  weight  of  sulphuric  add  of  specific  gravity  1-815  (06°  BsoniAX 
the  heat  being  continued  aa  long  ae  sulphoroos  acid  is  evolved.  The  silver  and  copper 
are  thereby  converted  into  snlphatee,  while  the  gold  remains  unattacked.  The  solvtuitt 
is  boiled  for  a  quarter  of  an  hour  with  an  additional  quantity  of  Bolpbtirie  acid  of 
spedfle  gravity  I'tSi,  or  58°  Baume  (olitained  by  concentrating  the  acid  mother- 
liqiaoia  of  atilphats  of  copper  prodticed  ia  the  operationX  sad  afterwards  left  at  rasL 
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The  gold  t!ien  settles  down,  and  ti*  liquid,  after  being  diluted  with  wat^r.  is  trsn*- 
ferrcd  to  a  leaden  vesael  and  again  boiled  with  sheets  of  copper  immersed  tn  it  Tht 
silver  ia  then  precipitated  in  the  metallic  state,  while  the  copper  is  ooanxtei  imtA 
Bulphate,  and  diasoltea.  The  gold  deposited  in  the  manner  above  described  stall 
Ntains  a  small  quantity  of  silver,  from  which  it  is  sepamted  by  Uvating  it  a  seeood 
and  a  third  time  with  strong  sulp}mric  acid :  it  then  retains  only  O'OOd  of  sihsr. 
This  process  is  not  applicable  to  alloys  cootoining  more  than  20  per  cent  of  gold ; 
1  richer  alloys  most  first  be  f^ued  with  the  requinte  quantity  of  silTer.  It  is  applied 
I  on  the  large  scale  to  the  extraction  of  golrl,  chic'fly  from  alloys  which  contnin  but 
little  of  that  metal,  8Ut:h  as  native  silv(?r  and  old  silver  coins,  and,  as  now  prsctisei^ 
ifl  economically  available  even  whc-u  the  amount  of  gold  does  not  exceed  one  paft 
in  2000. 

Some  specimena  of  Aiutralian  gold  contain  2  or  3  per  cent  of  tin  or  antimooy,  or 
both.  Gold  thus  alloyed  is  brittle,  and  nut  fit  for  rolling.  The  best  mode  of 
remoring  the  tin  and  antimony  is  to  oxidise  thorn  by  fusing  the  impure  gold  with 
About  10  per  cent,  of  oxide  of  copper  and  a  small  quantity  of  borax :  a  tM»rfocUy 
malleable  gold  is  then  obtained,  containing  a  smaU  percentage  of  copper.  (  W  a  ri  u  g- 
ton,  Chem.  Soc  Qo.  J.  ziii.  34.) 

Prop-:^ti^a. — Gold  is  the  only  metal  of  a  yellow  colour.  When  pure,  it  is  mors 
]tiall«able  than  any  other  metal,  and  nearly  as  soft  as  lead.  Its  ductility  appean  to 
have  scarcely  a  limit.  A  single  grain  of  gold  has  been  drawn  into  a  wire  600  feet  in 
length,  and  this  metal  is  beaten  out  into  leaves  which  have  not  more  than  1-2U0, 000th 
of  an  inch  of  thickness.  The  coating  of  gold  on  gilt  silver  wire  ia  still  thinner. 
Gold,  when  very  thin,  ia  transparent,  thin  gold  leaf  appearing  green  by  tranamined 
light.  The  green  eokiur  passes  into  a  ruby-red  when  higUy  attenuated  gold  is 
heated :  in  tlie  red  gold-glass,  the  gold  is  in  the  mstallie  state.    (Farad  ay.) 

The  density  of  gold  varies  fktm  19-268  to  19'367,  aeoording  as  it  has  been  more  or 
less  compressed.  Its  specific  heat,  referred  to  water  as  unity,  is  0*324  (Begnault), 
Its  heat-condncting  power  (silver  «  100)  ia  632  (Wiedemann  and  Franr);  and 
its  electric  conducting  power  (silver  =•  100)  is  690  (Biess),  64'8  (Becqoerel), 
68-5  fLenz),  5619  at  21-8°  C.     (Matlhiesscn.) 

Gold  meltH  at  1200^  C.  (21&2-  F.)  according  to  Pouillct;  at  1380<»  C.  (2S18'>  F.) 
according  to  Guyton-Marveau  ;  at  1425°  C.  (2596^  F.)  according  to  Darnell ;  it  con- 
tracts considerably  on  becomiag  solid.  Like  most  other  metals,  it  is  volatile  at  high 
temperattires.  It  was  formerly  suppoeed  that  the  heat  of  a  powerful  buming-glaas,  or 
of  tJie  oxy-hydrogen  blow-pipe,  was  required  to  volatilise  ^Id,  but  from  the  experi- 
ments of  Napier  (Chem.  Soc  Qu.  J.  x.  229  ;  xi.  I68j  and  Makins  {Und.  xi.  97).  it 
appears  that  the  volutilisation  takes  place  when  alloys  of  gold  and  silver  are  cupelW 
with  lead  in  an  ordinary  mutfle-fiimace.  Deposits  taken  from  the  chimney  of  a  small 
reverbtniKiry  funiacc  in  whiL-h  an  dloy  of  silver  and  copper  containing  a  very  »ia«ll 
proportion  of  gold  had  been  melted  almost  daily  for  mouths  together,  were  foond  U> 
oonUin,  on  the  average,  about  14  per  cent  of  silver,  and  7*1  gnuns  of  gold  per  mark 
(8  02.)  of  silver. 

Gold  dues  not  oxidise  or  tarnish  in  the  air  at  common  temperatures,  or  even  when 
stroiigly  ignited,  but,  like  the  other  noble  metals,  it  is  dissipated  and  perhaps  partlj 
oxidised  when  a  powerful  charge  of  electricity  is  sent  through  thin  leaves  or  wires 
of  it  {p.  396).  Gold  is  not  dissolved  by  nitric,  hydrochlonc,  or  sulphuric  acid,  of 
indeed  bv  any  single  acid.  It  ia  acted  upon  by  chlurlne,  which  converts  it  into  ths 
trichloride,  and  by  acid  mixtures,  such  as  nitromoriatic  acid,  which  evolve  chlorin< 

Compounds  of  Gold. — Gold  forma  two  series  of  compounds,  vi*.  the  .^ktohs  < 

Eunds,  in  which  it  ia  monatomic,  and  the  Auric  eompountU,  in  which  it  is  tiiatomie. 
its  chemical  relations  it  exhibits  rather  a  chlorous  than  a  basylous  character,  so 
L  -Ihat  its  oxides  tend  to  unite  with  bnses  rather  than  with  acids,  and  its  chlorides  aitd 
1 4odidsa  readily  form  double  salts  with  the  chlorides  and  iodides  of  the  more  basylooa 
ttotals. 

dOZiD,  A&XOTB  OP4  Gold  unites  with  nearly  all  metals  ;  but  its  most  impor- 
tant alloys  are  those  which  it  forms  with  silver  and  copper.  Gold  which  is  used  tat 
ooins,  vatcbes,  articleB  of  jewellery,  &c,.  is  always  alloyed  with  copper,  to  incmse  its 
hsidneas,  pure  gold  being  much  too  soft  for  any  of  these  purposes.  The  standard  for 
eoin  in  the  United  Elingdom  is  11  gold  with  1  alloy;  in  France  and  the  United  Sutei 
of  America,  9  gold  to  1  alloy.  For  articles  of  jewellery  gold  is  also  frequently  alloyed 
with  silver,  which  gives  it  a.  lighter  colour.  The  alloys  of  gold,  both  with  Bilrer  and 
with  copper,  are  more  fusible  than  gold  itself  The  solder  used  fior  gold  trinkets  ia 
oompoaeia  of  6  parts  gold  and  I  part  copper,  or  of  4  parts  gold,  1  part  copper;  and  1 
pait  silver. 

It  has  already  been  observed  (p.  926)  that  native  gold  almost  always  oomtains  sdver, 
Taiying  in  proportion  from  0*2  to  S2  per  cent.    The  el«eirutn  of  th«  ancicBts  is  so 


GOLD  :  BROMIDE— CHLORIDES. 


927 


alloy  of  gold  and  silTer,  oontainuig,  scoordiD^  to  ElaproUi,  667  per  eeot.  fold,  or  2  gold 
to  1  iilver. 

Amnlffam  of  Gold.. — Gold  nnitee  readily  with  meKfoj,  fonntng  a  wfeit«  Atnalgfttn ; 
the  nnallcflt  qooolity  of  mercurial  rapoor  coming  in  contact  tritii  goM  i«  •affident  to 
turn  it  vhitc.  Mercury  is  cnpublo  of  disMjlving  a  large  quantity  o#  gold  witboufc 
tosing  its  fluidity,  but  when  quite  saturated  it  arquires  a  vazy  oonaictMiee.  When  th» 
liquid  amalgam  is  etrained  tlirongh  chamoi»-leathi'r,  mercury  paaaea  tlmnKfa.  togetliar 
with  a  Tery  small  quantity  of  gnld,  and  there  remains  a  white  amalgam,  of  paaty  OOB" 
niiitence,  containing  about  2  parta  of  gold  to  1  part  of  mercniy.  By  fasolTing  1  part 
of  gold  in  1000  parts  of  meicury,  prrasing  through  chamoia-Ieather,  and  treating  th» 
reflidue  with  dilute  nitric  acid  at  a  moderate  heat,  a  solid  amalgani,  Ao'Hg" 
ia  obtained,  which  crvetallisps  in  shining  four^ided  prisms,  retains  ita  livtra  iiitheur» 
ifl  not  decompoaed  ny  boiling  nitric  acid,  and  does  not  melt  erea  whe>  heated  til) 
the  mercury Tulaiiliies.     (T.  H.  Henry,  Phil.  Mag.  [4]  ix.  468.) 

A  native  amalgam  of  gold,  Au*Hg*,  ia  found  in  amall  yellowish  errata].'  of  sperifio 
grarity  16'47  in  the  natiro  mercury  of  Mariposa  in  California  (gufil,  3902 — 11-65 
per  cent,  mercury,  60-98 — 58"37).  An  amalgam  of  gold  and  silver  i»  fuund  in  wnaU 
white  soft  prainfl  accomnanying  nlatinuim,  at  Choco,  New  Qranadik.  It  cont«inii  38'39 
per  cent,  gold,  5'00  Bilrer,   ana  fi7'40   morcury,  agreeing    neaaiy  with  the  formula 

(f^)'flg*.    {BammeUhcrga  MintrakKemU,  p.  10.) 

Gliding. — The  pasty  amalgram  of  2  parts  of  gold  and  1  part  mercury  is  naed  for 
Riding  ornamental  articles  of  copper  and  bronze.  The  soriace  of  the  object  ia  flnt 
thoroughly  clcanM  by  heating  it  to  redness,  then  plunging  it  into  dilate  solphurie 
acid,  and  sometimes  fur  an  instant  also  into  strong  nitric  acid;  i^i!<  then  ttmal^amatrd 
hy  washing  it  with  a  solution  of  nitrate  of  mercury,  and  afterwards  pressed  upon  tho 
pasty  araa^ora,  a  portion  of  which  adheres  to  it.  The  roerciny  ia  then  expelled  by 
hcat^  and  the  gold-surfjice  finally  polished.     Silver  may  be  gilt  by  aimtlar  ptoeesMa. 

Articles  of  coppor,  chiefly  copper  trinkets,  are  also  gilt  by  immersion  in  a  boiliag 
csoluticn  of  chloride  of  gold  iti  an  alkaline  carbonate,  after  having  b«ea  deaaed  b/ 
prooesses  »ituilar  to  those  just  described. 

But  the  jpiooeoi  now  most  generally  adopted  is  that  of  flcctro-<fitding,  whidi  is  per- 
formed by  iotm«nriDg  the  objects  to  be  gilt  ia  a  solution  of  10  parta  of  cyanide  of 
potuaaium  aud  I  part  of  cyanide  of  gold  in  100  parts  of  distilled  water,  and  con- 
necting them  with  the  negative  pole  of  a  Toltaic  lottery,  while  the  positive  pole  ia 
^•onnected  with  a  bar  of  gold  also  immen«ed  in  the  hqnid.  The  wjlution  ia  then 
ilritimposed  by  the  current,  the  grild  being  depositt-d  on  the  objects  at  the  negative 
p<jle,  while  the  gold  connected  with  the  pO!«ilire  pule  diseolvea  aod  keeps  the  aolutiuo 
at  a  nearly  uniform  strengtL  (See  CTAmDBs,  p.  213.)  The  cyanide  of  potassium  in 
the  solution  is  sometimes  replaced  by  ferrocyanide  of  potassium,  and  the  cyanide  of 
gold  by  sesquioxide  of  gold,  chloride  of  gold  and  potassium,  or  sulphide  of  gold;  but 
the  cnmpositioa  above  givon  ia  that  whic^  is  most  generally  adopts.  This  mode  of 
gilding  may  be  at  once  applied  to  copper,  brass,  brooze,  silver,  or  platinum.  Tu  gild 
iron,  steel,  or  tan,  it  is  necessary  first  to  deposit  a  layer  of  copper  od  the  surface,  which 
is  effected  by  immersion  for  a  few  seconds  in  a  bath  of  cyanide  of  copper  and 
potassium.     (So<«  Ufi^'s  Dictionary  of  Arts,  ^t\,  art.  Euwtbo-MsTAIXCRGT,  ii.  95.) 

CM>&3>,  SBQKXSS  07f  AuBr*,  is  produced  by  dissolving  gold  in  bromine- 
water,  or  in  a  mixture  of  nitric  and  hydrobromic  acids.  It  greatly  resemblea  the 
trichloride^  oystallises  with  tolerable  facility,  and  forms,  with  the  more  basic  metallic 
bromides,  a  series  of  double  salts  called  broino'auratet, «.  a.  6roino-<ntr«le  of  ptjUutiuni, 
Ka.AnBi-. 

OOi>XI«  CBXORIDSS  OT,  The  ProtocMoride,  or  Auroua  chloride^ 
AuCl,  is  obtained  by  evupfiniting  a  solution  of  the  trichloride  to  dryness,  heating  the 
residue  to  about  tho  melting  point  of  tin,  and  constantly  stirring  it  as  long  as  chlorine 
it  erolTcd.  It  is  %  white  saline  mass,  having  a  tinge  of  yellow,  and  quite  insoluble  in 
mtter.  In  the  dry  ■tat«  it  is  permanent,  but  in  contact  with  water,  it  is  resolved — 
gradnally  at  ordinary  temperatures,  instantaneously  at  th«  boiling-heat — into  metallie 
gold  and  the  trichloride. 

Trichloride  of  Gold  or  Auric  Chloride^  AnCl". — This  com  pofond  is  formed 
when  gold  is  dissolved  in  nitroiuuriatic  acid.  Tlie  solntion  is  jellow,  and  becomes 
paler  with  an  excess  of  add,  but  is  of  a  deep  r«d  when  neutral  in  componition.  It  is 
obtained  in  tlie  last  condition  by  eraporating  the  solation  of  guld,  till  the  liquid  in  of  a 
dark  ruby  colour,  and  begins  to  emit  chlorine.  It  forms  on  cooling  a  dark  red  crystal- 
line muss,  which  deliquesces  quickly  in  air.  But  the  only  method  of  procuring  aurie 
chloride  perfoctly  free  tram  acid  mil.  is  to  decompose  auruuu  chloride  with  wnter.  An 
acid  chloride  of  gold  or  chloridi-  oft/old  and  kydrogea,  aystalliaes  easily  from  an  acid 
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divided  allov  with  rather  strong  emlphnric  acid  mixed  with  hydrochloric  add ;  heatf 
tlie  liqaid  till  the  acid  is  partly  Tolatilispd ;  nrecipitatea  with  water;  and  dissolvee  out 
the  Btaonic  oxide  by  means  of  strong  hydrochloric  acid,  the  gold  then  remaining. 

The  analysis  or  astay  of  an  alloy  of  gold  and  copper  is  usually  made  by  cnpellation 
with  lead.  The  weight  of  the  button  remaining  on  the  cupel  gives  directly  the 
amount  of  gold  in  the  alloy  after  certain  corrections.  Alloys  containing  both  silver 
and  copper  are  cupelled  with  lead  and  a  quantity  of  silver  Ruffidont  to  bring  the 
proportion  of  gold  and  silver  in  the  alloy  to  1  pt.  gold  und  3  pts.  silver.  The  button 
obtained  by  cnpellation  then  consiata  of  an  alloy  of  gold  ana  silver,  from  which  the 
sUver  may  be  masolved  out  by  nitric  add.    (See  Gold-assat,  p.  932.) 

Small  ornamental  articles,  which  would  be  destroyed  if  submitted  to  any  of  the 
preceding  processes,  are  approximately  assayed  by  rubbing  them  on  a  peculiar  kind  of 
black  stone,  called  the  townatone,  so  as  to  leave  a  streak  of  metal,  the  appearance  of 
which  may  be  compared  with  that  of  similar  stredcs  produced  from  alloys  of  known 
composition.  A  flirther  comparison  is  obtained  by  examining  the  appearance  which 
the  streaks  present  when  treated  with  acids.  This  method  is  also  sometimes  used  ir 
the  assaying  of  coins,  to  afford  an  indication  of  the  quantity  of  silver  required  in  the 
cnpellation.  The  touchstone,  which  is  a  peculiar  kind  of  bituminous  quartz,  was 
originally  obtained  from  Lydia;  but  stones  of  similar  quality  are  now  found  in 
Bohemia,  Saxony,  and  Silesia. 

3.  Atomie  weight  of  gold. — ^Berzelius  determined  the  atomic  weight  of  this  metal: 
1,  By  precipitating  it  from  the  trichloride  with  metallic  mercury.  In  two  experiments, 
9*356  pts.  gold  were  precipitated  by  14*29  pta.  mercury,  and  6*667  pta.  gold  by  9*96 
mercury.  Assuming  Hg  =  200.  and  ciilculatJDg  from  the  equation  2AuCl'  +  3Hg  » 
3Hg"Cl*  +  Au*,  the  mean  of  these  results  gives  for  the  atomic  weight  of  gold  the  number 
198*26. 

2.  By  the  analysis  of  chloro-aurate  of  potassium,  KCLAuCl*  (Berz.  Jahresb. 
XXV.  41).  The  salt  was  reduced  by  ignition  in  a  stream  of  hydrogen  ;  the  residue  of 
gold  and  chloride  of  potassium  was  weighed ;  the  chloride  of  potassium  then  dissolved 
out  by  water ;  and  the  weight  of  the  gold  determined.  A.<tsuming  the  atomic  weight 
of  chloride  of  potassium  to  be  74*5,  the  mean  of  five  enxrimeuts  gave  for  gold  the 
number  196*  32. 

Levol  (Ann.  Ch.  Fhys.  [3]  xxx.  366)  determined  the  .-itomic  weight  of  gold  by 
dissolring  a  weighed  quantity  of  the  metal  in  nitrumuriatic  acid,  n-moring  the  nitric 
add  by  repeatedly  boiling  down  the  solution  wiih  hydrucliioric  acid,  then  passing 
sulphurous  acid  gas  through  it,  and  precipitating  the  resultin;^'  sulphuric  add  with  tho 
solution  of  a  barium-salt ;  3  at  sulphate  of  barium  thus  pruduced  correspond  to  2  at. 
gold,  thus: 

2Aua»  +  8S0«  +  6H=0  -  Au»  +  cnCl  +  SH^O'. 

From  1  gramme  of  gold  Levol  obtained  1782  BaSoS  whence,  if  BaSO*  =  118*48, 
the  atomic  weight  of  gold  is  found  to  be  very  nearly  196,  which  is  the  number  now 
generally  adopted. 

OOCS,  ZOBXOSS  or.  Aurous  Iodide,  Aul,  i.«  formed  by  the  action  of 
hydriodic  acid  on  auric  oxide,  water  being  formed  auJ  two-thirds  of  the  iodine  set  free: 

Au'O'  +  6HI  =  2AuI    +    3U*0  i-  2I«; 
also  by  adding  iodide  of  potassium  in  equivalent  proportions,  and  in  successive  small 
quantities,  to  an  aqueous  solution  of  auric  chloride : 

AuCl»  +   SKI  =  Aul    +    3Ka   +   P. 
It  is  a  lemon-yellow  cr^'stalline  powder,  insoluble  in  cokl  water,  and  very  sparingly 
soluble  in  boiling  water. 

Auric  Iodide,  Aul*,  is  formed  by  gradually  adding  a  neutral  solution  of  aurie 
chloride  to  a  solution  of  iodide  of  potassium.  The  liquid  then  acquires  a  dark  preen 
folour,  and  yields  a  dark  green  predpitate  of  auric  icxiide,  whicli  n-dissolves  on  :i}:itji- 
tion  ;  but  after  1  at.  of  the  auric  chloride  has  bi"»n  added  to  4  at.  i<viide  of  |).it;i'-<iuiri, 
a  fhrther  addition  of  tlie  poM-solution  doeolorisfs  the  liquid,  ami  forms  a  pimiaiunt 
precipitate  of  auric  iodide,  because  the  io<l'd(>  of  pold  and  pota.s.siuiii  at  lirxt  pnMluced 
is  thereby  decomposed.     The  sneces-oive  actions  are  represented  by  tlie  equations: 

4KI  +  Audi*  =  3KC1  +  KI.AuI»;and  3(KI.Aul»)  +  A-jQ'  -  3KC1  +  4.\uT». 

Auric  iodide  is  a  very  unstjible  compound.  When  expo^^l  to  the  air  at  ordinary 
temperatures,  it  is  gradually  converted  into  yellow  aurous  iodide,  and  ofterwar-ls  into 
metallic  gold.  It  combines  with  hvdriodio  aeid.  and  with  iJie  more  basic  metallic 
iodides,  forming  double  silts,  called  iodn-a n raffs  :  MI. Aul*. 

The  pf^ta.sAhnii-saft,  KI.AnI'.  pnxlueed  bv  dissoUina  ;inii."  ii-li.le  in  ;iqueuii<  icdj,),. 
of  potasfeium,  or  by  adding  1  at.  auric  ehloride  to  4  at.  i».di«lc  of  f.«.tas>ium  in  solutif" 
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efjrstAliioe  ttate  hj  OTaporattag  a  solution  of  auric  acid  in  a  slight  esceot  of  pur« 
potaah,  fint  over  the  open  fire  and  afterwards  in  Tacuo :  the  ojitals  maj  b«  frned 
mm  adhering  potanh  bj  recrTstalliaatioa  from  water,  thea  dnuned  on  iBDglaied 
poreel&in  and  dried  in  Tacno.  Aorate  of  poU»iam  ia  Teiy  wtuble  is  water,  and  foimt 
a  ydlowish  stionglj'  alluilbc  eolation,  whicm  ia  deoompoeed  by  nearly  all  organic  bodie«^ 
the  gold  being  precipitated  in  the  metallic  state :  it  u  also  decomposed  hj  heat.  With 
most  metallic  salts  it  forms  precipitates  of  aurates,  which  are  insoluble  in  water,  but 
soluble  in  excess  of  the  precipitant ;  thus,  chloride  of  calcium  forms  a  precipitate  of 
tturate  of  calcium,  soluble  in  excess  of  chloride  of  calcium.  The  solution  of  aurate 
of  ))ot4iSiiium  maj  be  used  as  a  bath  for  electro-gilding. 

Aurotulphite  of  Potassium,  AuEO'.4KHS5*.|HK),  is  deposited  in  beaotiinl 
yellow  npixlles  when  sulphite  of  potassium  i«  added  drop  by  drop  to  an  alkaline  sola- 
tiou  of  aurate  of  potassium.  It  is  nearly  insoluble  in  alkaline  solutions,  but  dissolrea 
with  deoompoeition  in  pare  water,  especiid.ly  if  hot,  giving  off  sulpboroDS  anhydride  and 
depositiag  metallic  gold.  Acids  d(>compoee  it  in  a  similar  mauDer,  After  drying  in 
vacuo,  it  may  be  preserved  for  two  or  three  months,  is  well  closed  bottles,  but  qJti- 
mntcly  decomposes,  girins  off  solphnrons  anhydride,  and  leaving  metallic  gold  aoil 
sulphate  of  potassium.  The  same  decomposition  takes  place  more  quicklj  when  the 
salt  is  heated.     (Fr^my,  Ann.  Ch.  Phtirm.  Ivi.  315.) 

A  purpff  oride  of  gold,  intermediate  in  composition  between  the  protoxide  and  tri- 
oxide,  probably  Au^O*,  is  produced  by  the  action  of  certain  reagents,  e.  ^.  dichloride 
of  tiu  attd  orj^auic  Bubstantrps  on  solutions  of  gold.  Chloride  of  gold  stains  the  »kia 
pur[}lo,  probably  in  conseqaence  of  the  formation  of  this  oxide. 

OO&S,  OXTOBJr>8AXiT8  OF.  The  oxides  of  gold  show  but  little  tendency  to 
unite  with  oxygen-acids.  The  trioxide  dissolves  in  strong  nitric  arid,  but  the  solutinn 
is  deoompoeed  by  OTapontion  or  dilution.  Two  doable  hyposnlphites  uf  gold  and 
sodium  ore  known :  ew\\t    \ 

Sodio-amvus  Btfp&sulphiie.    Aa»S»0«.3Na»S»0*,4H'0,  or  ^.^^.>0\2HK).— Tliis 

salt  is  prepared  by  mixing  concentrated  solutions  of  trichloride  of  gold  and  hypo- 
sulphite of  sodium,  and  precipitating  with  alcohol  When  purified  by  repeated  »oJu- 
liau  in  wjiti»r  and  precipitation  by  alcohol,  it  forms  delicate,  colourlras  needle*.  It 
has  a  swpi'tiah  taste,  is  very  soluble  in  water,  but  sparingly  in  alcohol.  It  in  do- 
composed  by  heat  and  by  nitric  acid,  with  deposition  of  metallic  gold.  Its  8olutii>u 
gives  a  bludkish  prectpiute  with  sulphydric  add  and  soluble  sulphides.  The  preti»«nc» 
of  ^Id  in  this  solution  is  not  indicated  by  ferrous  sulphate,  stannotis  chloride,  or  oxalic 
acid ;  and,  on  the  otiier  hand,  sulphuric  add,  hydrochloric  acid,  and  the  vogetaiblo 
acids,  neither  precipitate  sulphur  nor  expel  sulponroos  acid  from  it.  When  mixed 
with  cliloride  of  barium,  it  yields  a  gelatinoos  precipitate  of  baryto-aurous  hjfjMM- 

tulphite,  eontaining  fWft-vi  Au»[0**  Sulphnrie  acid  removes  all  the  batyta  from  this 

salt,  and  loaTos  hydraied  aurora  kypoaulphiU,  whidi  ia  unrry.'iLallisable,  strongly  atnd, 
and  tolerably  stable  at  ordioaiy  temperatures.  The  solution  of  the  sodium-salt  is 
us«i  for  fixing  daguerreotyp*  puAorea.  (Pordos  and  Gil  is,  Ann.  Ch.  Phys. 
(3]  xiii.  394.) 

A  godk^-auric  hiipotulpkitt  sppears  also  to  be  formed  by  dropping  a  neutral  solution 
of  chbride  of  gold  into  aqueous  hyposulphite  of  sodium.   (Fordos  and  Gelis.) 

OOIiDi  FaoaPHIDB  OF.  Gold  unites  readily  with  phoephoms  by  the  dry 
way^  tbnmiig  a  pale  yillow  compound  more  fusible  than  gold.  Plmsphnretted  hydro- 
gen passed  into  a  wjlutioa  of  gold  forms  u  pircipitate  of  metallic  gold,  which  thcu 
ab.<iorba  pho^buretted  hydrogen,  and  changes  to  a  hlwck  non-metallic  masa  containing 
phosphorus. 

OOXiB,  atrxPHXiias  or.  Anrous  9ulpkide,  Au^^,  is  form«i  when  ealphydrio 
acid  gas  is  passed  into  a  boiling  solution  of  the  trichloridt^  of  gold.  It  in  dork-browii, 
almost  black.  Aurous  aulnhide  combines  with  the  protosulphides  of  potoMinni  and 
sodium,  forming  doable  salts  oontaining  I  at  of  aurous  sulphide  with  1  at.  of  the 
alkaline  sulphido.  The  acdium-satt  is  obtained  by  fusing  together  2  at«  protosalpliide 
of  sodium,  1  at.  gold,  and  6  at  sulphur;  dig«ating  the  naed  mass  in  water;  filtering 
the  yellow  solution  in  an  atmosphere  of  nitnigpn  ;  and  eonoeatrating  in  vacuo  over 
sulphuric  &cid.  Yellow  ezyvtali  are  then  obtained,  having  the  form  of  oblique  hex- 
agonal prisms  \riih  trilateml  or  quadrikteral  summita,  and  containing  NaAn:5.2liH). 
They  are  soluble  in  water  and  aleobol.  The  jnjtassium-*alt,  which  is  obtained  in  a 
similar  manner,  forma  indistinct  crystals.     (CoL  Yorke,  Chcm.  Soc  Qu.  J.  i.  23S.) 

Auric  Suipkide,  Au'S',  is  formed  by  passing  sulphydric  acid  gas  into  a  rold  dilute 
solution  of  gold.  It  is  a  flocculent  substance  of  a  strong  yellow  colour,  which  becoruaa 
di-i^per  by  drjing ;  it  loses  itti  sulphur  at  a  modnvte  heat. 
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pare  gold  as  the  apparrnt  result,  the  errur  of  the  assay  is  plainly  seven  parts.  The 
difficiUty  now  occara  of  obtaining  pure  gold  and  proving  it  t»be  perfectly  pare ;  bat 
practically  we  attain  the  desired  end  if  we  assume  that  to  be  pore  gold  which  is  the 
■purest  that  can  be  attained  by  ant/  known  chemical proceat.  Prepare  then,  samples  ox 
gold  of  the  utmost  parity,  and  compare  these  against  each  other  by  numerous  careful 
assays ;  assuming  the  purest  to  be  absolutely  pare  or  nearly  so,  the  composition  of  each 
becomes  known.  This  task  too,  once  performed,  is  not  again  necessary  so  long  as  th« 
specimens  of  pure  gold  last,  or  their  standard  of  purity  can  be  transmitted  by  suf- 
ficiently careful  comparison  with  new  samples  of  pure  gold. 

Strict  uniformity  of  operation  then,  combined  with  the  comparison  of  the  result$ 
with  the  known  parity  of  certain  specimens  of  pure  gold,  is  the  mode  in  which  alone 
the  accuracy  of  large  numbers  of  assays  can  be  obtained.  Soch  being  the  rationale,  we 
now  describe  the  practice  of  the  process. 

In  the  first  place,  the  balance  employed  must  be  not  only  extremely  sensitiTe  and 
sure,  but  also  quick,  qualities  which  can  only  be  combined  in  a  very  Ught  and 
beautifully  constructed  beam.  The  instrument  which  we  shnll  recommend  is  one  by 
CCrtling,  of  Bishopsgate  Street,  London,  with  a  ten-inch  skeleton  beam  resting  on  an 
agate  e^  in  the  centre,  and  with  very  bght  pans  suspended  upon  ruby  points  woricing 
into  a  small  steel  cross-piece  (see  the  figure  under  article  B.u.^ncb).  The  scale-pan  ie 
loose,  BO  that  it  may  be  taken  up  with  the  forceps  and  emptied  of  the  pieces  of  metal  it 
contains.  It  lies  in  a  kind  of  stirrup  formed  of  Ught  elutic  bands  of  palladium,  and 
the  weight  of  the  whole  is  borne,  when  the  balance  is  not  in  action,  by  an  agate  oonTez 
support  which  just  touches  the  under  surfiice  of  the  stirrap.  The  balance,  arranged 
exactly  as  in  use,  is  shown  in  Jia.  618,  where  at  a,  are  two  comet  trays;  b,  a  box  of 
assay- weights ;  c,  the  handle  of  the  rider  movement ;  d^  a  file  lying  in  a  metal  tray. 


Fiff.  618. 

-- 

This  balance  when  new  will  indicate  55^  part  of  the  assay-weight  (10,000  - 
J  grm.),  and  will  always  give  —^^  or  1  part  correctly. 

The  samples  of  gold  are  received  wrapped  up  in  numbered  papers,  and  have  first  to 
be  separately  flattened  out  with  a  suitable  hammer  and  anvil  to  the  thickness  of  a 
sixpence,  each  piece  being  carefully  restored  to  its  right  paper. 

Commencing  with  the  first  sample  in  numerical  order,  an  a^say-picce  of  the  unit 
weight  10,000— the  absolute  weight  usually  atlopU-a  btiiig  A  grm.,  or  7-717  grains- 
has  to  be  weighed  off  each  sample.  The  process  is  one  entirely  of  trial,  a  small  piece 
of  alloy  being  cut  off  by  a  pair  of  bind-iAears,  and  small  pieces  being  repeatedly 
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Qnish  capelling  nesirl/  in  thrir  ntunrrical  order,  ind  ikf  cvpels  ire  to  b«  trithdriiwB 
BucceaBiTelv  from  the  muffle  and  placed  in  order  in  the  sheet- iron  tray  (Ji^.  621). 

Earing  become  aolid,  each  button  is  removed  from  it«  enpel  by  a  pair  of  plicrt.  and 
Any  dirt  remaining  on  it«  uoder-surface  in  to  be  removed  by  equecziog  the  button  in 
the  pliers,  and  bruslung  the  bottom  with  a  tcratcM-brutk  {jjratir'lrroue).  Each  button 
has  now  to  be  hammered  oat  into  the  form  ahovn  iajig.  622,  raised  to  a  low  red  heat 
ia  the  niuJBe,  and  then  rolled  out  in  a  pair  of  gol<unnith'6  rolla  to  the  form  a  in 
fig.  {23.  The  metallic  alips  have  again  to  be  annealed  at  a  low  red  heat,  and  finally 
curled  up  into  a  cornet,  as  in  Jig.  524.     All  the  sixteen  aaaays  which  we  sappow  to  Iw 


Fig.  fi23. 


Fig.  62i. 


Fig.  62£. 


(Cl 


under  opt- nition,  arc  to  be  carried  through  these  piweraen  in  rnmpnny,  being  aliraji 
kept  in  due  order  by  the  iron  tray,  except,  of  counie,  when  they  nir  in  the  funuiee.  It 
rf-qiiires,  howcTer,  some  dpxterity  to  place  all  the  sixteen  buttons  or  alips  in  the  muffle 
in  du^  order,  and  remove  them  again  before  they  grow  too  hot  and  melt. 

It  is  very  necMsary  that  the  metallic  slips  now  obtained  should  be  smooth  at  the 
edges,  andL  eoosequently,  perfectly  mnlleable.  That  they  are  someltmes  not  so,  may 
anse  from  the  frmiBCe  being  too  hot  or  cold,  the  assavs  being  too  lung  or  too  short 
a  \mw  in  it,  or  thu  quantity  of  lead  not  being  corre<*Iy  proportioned  to  the  coppf  r  in 
the  alloy. 

The  IjoiKng  proeeaa  is  now  to  be  carried  on  in  s  row  of  French  aaaay  flaska,  each 
heat4>d  by  a  small  rose  gaa-bumer,  the  fumes  of  the  acid  being  carried  off  by  aa 
ejirthpnware  flue,  or  by  other  menns.  A  qnantity  (25  grms.)  of  nitric  add,  of  the 
spMific  gmvity  1  -1%  i«  to  be  poured  into  each  flask  fmni  the  pipette  measure  {fig.  626) ; 
vne  onnrt  measore  of  add  is  tlie  quantity  used  by  many  assayers.  The  scid  is  to  be 
hrated  nearly  to  the  boiling  point,  so  that  when  the  oomet  is  placed  in  it,  violent 
solution  of  the  silver  at  once  commences  This  being  done,  considerable  he«t  may  ba 
iipplied,  until  in  two  or  tliree  minutes  tlie  whole  of  the  orange-KYiloured  nitrons  gas  ia 
driven  off.  The  clear  acid  is  boiled  slowly  for  five  minutes,  and  then  poured  off  into  a 
jug,  distilled  or  other  pure  wattf  being  need  to 

wash  the  ndliering  silver  solution  oot  of  the    Fig.  526.  Fig.  637- 

flasL  A  second  ounce  of  very  pure  nitric  acid,  of 
epecMc  gravity  1-32,  is  now  adde<,l,  together 
with  a  small  piece  of  chareoal  (a  calcined  pea 
answers  bert),  to  prevent  explosive  ebuUitiOD, 
and  the  boiling  of  the  comet  is  co&tinued  as 
tniDqnilly  as  poestible  for  twenty  or  thirty  mi- 
nutes. By  this  time  the  comet  viiU  consist  of  a 
soft  but  eoherent  brownisb-colouped  metallic 
skeleton,  containing  the  whole  of  the  gold  in  the 
original  aseay  piece,  almost  perfectly  flreed  from 
silver  and  every  other  impurity.  The  acid  is  to 
be  poured  off  from  the  cxyrnrt,  which  is  done 
by  gently  inclining  the  flask,  and  the  flask  is 
filled  up  to  the  top  with  pure  water.  For  thia 
porpoee  it  h  convenient  to  hare  a  small  tin  or 
copper  water  cistern  with  a  stopoock,  and  an 
india-rubber  tube.  Each  comet  must  now  be 
removed  to  a  Uttle  crucible,  which  is  done  ns  in  fg.  627,  by  dexterously  dfconthtff  it 
— thnt  is,  inverting  thw  flask  into  the  crucible,  allowing  the  comet  to  f-jW  through  the 
water  to  the  bottom  of  the  cmcible,  and  then  quickly  removing  the  flask  before  much 
wnter  can  run  out.  Lastly,  the  crucible  is  drained  of  wster,  and  raised  to  a  red  beat 
in  the  muffle.  As  before,  each  operation  is  to  be  performed  on  the  sixteen  usays  in 
company,  before  the  next  opeTation  ic  begun,  and  the  Damerical  order  is  afwayi 
maintained  mechanically. 

Withdrawing  the  cruciblaa  from  the  furnace,  we  find  in  each  a  small  comet  of  bright 
gold  (Jiff.  &2&),  which,  if  unrolled,  would  have  the  form  A  io  fig.  623.  It  is  then  the 
exact  counterpart  of  the  origin  si  alloy,  contracted  to  a  much  smaller  sixe.  The  comets 
are  to  be  removed  by  a  pair  of  weighing  foreetis  from  the  crucibles,  and  phiced  in  due 
order  ia  the  eraaU  tray  (fig.  521)     They  an  then  to  be  carried  b«ck  to  the  beUoM, 
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and  BOCcessiTely  ireigfaed.  Of  trarae,  the  same  yma  of  tbo  balanoc,  the  riefat-hand  p*a, 
innst  be  uaed  us  in  weighing  oat  the  origuiaJ  assay  mece»,  in  order  to  eliminal*  em>r 
^t>f  the  balujice.  In  this  weighing,  too,  we  may  oliminate,  without  acj  additioiu] 
KlroTible,  the  error  iu  the  initial  weighing  (if  any  wore  ob«erv«l  and  recorded)  by  mmply 
I  aflj listing  the  Wfisht  so  tliat  tlic  beam  Blinll  not  stand  at  zero,  but  swing  to  the  «une 
Mptiint  of  the  index  as  it  did  in  the  prior  weighing.  The  wfightf  uaod  may  b«  tb* 
l^dinary  atnivs,  10,000,  6O00,  2000,  &c.,  but  it  is  much  preferable  to  hare  a  aeries  of 
pwuights,  aa  9000,  0100,  9200,  prepared  by  the  balance  mnler  to  irait  the  revolt* 
I  expected.  A  rider-weight  (ace  article  BauLNCx)  equal  to  100  being  then  used  on  u 
r  divided  b«^m,  gives  the  result  with  groat  &cility,  within  one  part,  being  the  ^^=1  p»R 
of  the  origiual  assay  piece  Uik>.n. 

Fop  the  purpose  of  correcting  the  Pt«ulta  of  the  Msays  thus  |>erfonned,  we  may 
suppose  that  one  of  the  sixteen  assaye  was  what  we  may  cull  a  proof  or  cheek  uny, 
'.  perfirtned  on  Denrly  pare  gold  of  known  standju^l.     Thus,  suppose  this  oompazuoa 
f  gvild  cijntjiint^d  U997  pts.  in  10,000  of  absolutely  pure  guld,  and  that  an  assay  pieee  of 
I  nidi,  ci^ntiiining  thercfuru  Tnry  nearly  9151  pts.  of  pure  gold,  was  weigjied  out  and 
f  Usssayecl,  giving  as  a  result  9158.    The  error  then  of  the  assay  process  is  seven  in  exfiCHt 
which  amount  most  be  subtracted  frum  the  result  of  each  of  the  other  flilenn  assays. 
This  error  being  known  or  determined  each  day  previously  to  the  weighing  up  of  the 
regular  assays,  tiie  subtraction  of  tlio  error  may  be  conri-niently  and  aocnmtely  mad^ 
without  calculation,  by  placing  a  small  correction-rider  of  prooer  wciijht  on  the  lawa 
branch  of  the  beam,  on  the  opposite  arm  to  that  which  beiirs  the  comet.     The  perall|^^ 
thus  obtained  are  ready  to  be  reported.     With  the  same  operutora,  apparatos,  MM^^| 
materials,  this  oorrootion  for  surcharge  should  remain  nearly  constant  for  weeks  ^^^| 
nontJu  together.      To  ensure  this  constancy  should  be  the  great  aim  of  the  aMsyer; 
}ut  the  correctness  of  the  results  must  be  almost  daily  tested,  and  e$!}.iertaily  when  any 
lidiongo  in  the  process  or  materials  takes  plmx.     The  turclmrge  should  not  exeea^ 
bout  10  parts. 
Whatever  the  number  of  aasays  to  be  done,  they  must  all  bo  arranged  in  lots  of 
■xzt«en  each,  with  proof  or  curroction  assays  interspersed  if  necessary.     Caich  page  of 
the  aassy-book,  too,  may  be  devoted  to  a  lot  of  aut(y>u,  and  ruled  accordingly.     A 
83rmmetrifal  numerical  arrangement  is  thus  maintained  throughout  by  mere  medliameal 
means ;  miittake  or  disorder  is  rendered  nearly  impoesible,  and  reference  to  any  asciy 
during  the  process  most  easy  und  certain.     Some  migrit  prefer  a  decimal  n^  if 

from  ita  nojnerical  fkimplicity ;  but,  in  the  moolianioal  parta  of  the  proce**, 
found  comj>nRitivi.'ly  awkwtjrd.    In  the  fnrn^cing  opemtions,  only  sixteien  cu..  ^  _  ._..j: 
be  in  progresj*  at  once;  but  in  the  other  parts  of  the  process  as  many  assays — 100 
200  if  necessary — may  and  onght  to  bo  performed  in  company  as  there  are  trayt 
hold,  or  gas-burners  and  flasks  to  accommodate.     The  order  of  the  namerous  tn; 
and  other  apparatuii  must  therefore  be  preserved  by  numbers  on  tliem.     It  is  o1 
that  the  lust  trav  of  any  lot  of  assays  will  generally  not  be  full.    Any  assays  sabJL. 
to  irregularity  should  be  at  oneo  repeated,  iirifl.  if  pofisiblc.  joined  to  the  original  lof. 
The  quantities  of  silver  and  lead  stvitod  in  the  above  description  arc  adapted  " 
English  atiindanl  gold,  oonsisting  of  9167  pts.  of  gold  and  833  pts.  of  nopper.     Any 
of  samples,  varjing  in  fineness  ».iy  fr-m  8500  to  10,000,  would  be  assayed  with 
same  quantities,  the  rariat  iou  in  the  resulting  alloy  not  being  sufficient  to  affect 
result  materially.    Jlaeh  astiayer  matt,  however,  estimate  the  average  fineness  of 
samples  he  receives,  and  make  the  cjuantity  of  silver  three  times  that  of  *' 
weight  of  gold  in  the  assay  piece.     The  lead  mu(<t  be  that  given  as  sull- 
following  table,  to  remove  the  largest  ijuaotity  of  copper  commonly  pm,  ..;  ... 
assay  piece : 


C«.ld  Jn 

Ty*.t. 

Ooldin 

LMd, 

10,000  |»ru. 

gr«mnie«. 

I0,e«i(i  paru. 

grKmmr%. 

lO.OOO 

"i 

8,700 

60 

9.800 

10 

8,300 

7  0 

9.600 

2-0 

8,000 

80 

9.400 

30 

7.700 

90 

9,200 

40 

7,800 

100 

9,000 

fi-0 

7.000 

11-0 

To  secure  uniformity,  the  sanie  quiintity  of  lead  should  be  used  for  all  onlinory  UHji; 
but  when  the  gold  contain.^  much  leas  copper  than  uauid,  or  perhap  none^  m  onall 
piece  of  copper  wire,  the  size  of  a  lareo  p?n'rs  b.-nd,  must  be  add<'d,  when  wnppiogvp 
the  assay  piece  in  lead-foil.    This  vnW  prevent  failure  in  the  cupelling. 

Improwd procras^ — The  process  above  described  is,  for  the  most  port,  sn.'li  n-s  miny 
of  the  best  London  assayers  now  adopt.     We  have  oonelvt^,  however,  t  '  .f  J 

several  years  a  modification  of  the  boiling  prooeaa,  which  is  at  once  -^ 
troablesome,  and  more  ucnrratc.    It  is  only  to  be  recommcndod,  howrv*  r>  whero  ) 
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•amplsa  mv  prctly  ttniform  io  ooioposition,  so  that  proper  iMyu«tm<>itt«  mnv  bo  in*d«> 
to  obtain  lh«'  forn*>ts  »lwAy«  smooth-^ged  and  utronp.  In  this  |To«'es«,  each  mcljillir 
»lip,  af^f*r  laniitniliuu,  is  BtAiop«d  with  a  cnnall  number  at  one  end,  as  showti  inj't>i^. 
6'^3,  0*24,  6'id,  M  H«*ri«j  of  aiiu\ll  uiiineral  piuich<>s,  tmui  1  to  10,  being  kept  fur 
thiK  piirpo-'o.  TliP  tusunyn  frum  Lhi«  point  n«<l  no  loiigtir  b*  k<'pt  aeparatn.  AfifT 
nnncAling  in  a  craciblr,  and  eoUiog  up  ax  uaual,  each  tot  v(  nixt^n  la  put  into  an 
Imi^HhIi  iHnt-bottoim-d  amaj-flaak,  eontAiaiiig  Mj  sixtopo  oiincM  of  the  u-eak  acid 
(Hpi-ciGc  gravity  1*20),  ali«ady  luitted  over  a  uad-batb  or  gas  flame.  The  aolution 
and  boilinir  pnioft'd  jo*t  m  if  each  assay  were  in  a  acpante  iUak.  The  lal^our  of 
inaaipulaliun  lunng  n^ducud  ntairly  to  the  ■^  ptvct.  the  waahiDg  with  distilled  watiT 
may  bo  serpnd  tinn^  ivp^aled,  hd*!  iIip  liJCteeD  ounce-a  of  strong  acid  maybe  appli<-d  in 
tww  <H}ual  part*,  with  hu  iiiti!mn'di:il<»  wnshinR,  each  portion  iM'ing  boilt-d  t<'n  uiinutca. 
8«»v<«ral  bita  of  cl>ii,ri>oal  must  be  aKv;iy«  in  llu-  acid  fu  prevent  bamplu|j.  The  decanta' 
tiou  is  perfomitd  by  lilliiij;  tlie  llaftik  uritL  water,  dosinp  its  month  with  the  thumb, 
iiivf-rting  it  into  a  basin  full  of  w«t<?r,  and  then  witbdniwing  the  thumb.  The  corneta 
t':\\\  out  uninjured.  By  a  pair  of  light  forceps  thpy  may  be  eafeiy  picked  out,  placed  in 
rijws  '^n  a  pit-ci'  of  tile,  and  tiui)ealc4l.  The  fleurea  ori^nnally  impn^suit'd  on  the  alloy  of 
3  ptH.  of  silver  to  1  pL  of  koM  ri-main  aa  legible  ua  btfore,  now  that  the  3  pta.  of  ailver 
are  gone;  the  order  of  the  a»(wy»  is  thus  knovrn.  Oivasionally,  but  ran-ly,  it  may 
happein  that;  a  cornet  is  broken  up,  and  its  fetprm-nts  «p<^jil  the  reniaJnder  of  \\u-  sixtem. 
Yet,  haviitp  p«'rfomied  many  ihuuHand  jiwdnh  by  this  mulhod,  we  may  trtate  that  it  in. 
on  conditions  already  staled,  not  more  liable  to  accidents  llian  the  oepiirate  method, 
while  it  is  rnther  more  speedy,  effects  a  great  and  obvious  saving  of  Ijbuur,  and,  by 
allowing  |H>rt\>ct  uniformity  of  action  in  the  boiling  prooesj",  admits  of  greater  aoniraoy 
than  ean  be»  otherwise  ultained.  When  tll«  assays  in  the  fla^k  are  le^is  than  sixteen  in 
rMimbf^r,  the  arid  used  must  Ik*  proportionally  le->9 ;  miirk.t  rany  ea«ily  be  mndi-  on  tlw 
Husk  with  blfick  varnish,  to  indicate  the  pivtper  quantity  fpf  nei«l  fur  each  number  of 
niMtiiys.  Tlio  fumes  from  the  flasks  may  ^^a«^iiy  be  carried  off  l<y  a  J  inch  glatw  tub* 
filling  into  thti  mouth  of  the  (Wk,  and  conmiutiicating  with  a  flue.  Otbex  arrangiv 
nienls  for  supplying  >  good  heat,  as  w«U  as  hot  acid  and  hot  distilled  wat'T,  may  eaaily 
be  contrived  by  any  person  who  require*  to  cany  on  tlie  procewi  on  a  large  scaife, 

SUtndnrd  Pure  Gold. — To  prepare  the  pur«  gold  Dec<«sary  for  compi^iitoD  amya,  its 
already  doacribed,  oo(Tnet»  or  other  fine  gold  must  be  dinofvcd  in  aqna-regiK.  »ad  til* 
excess  of  add  mtiet  be  driven  off  as  completdy  as  possible  by  slow  eraporstion.  The 
chloride  of  gi^ld  is  then  dLssolved  in  a  Urge  body  of  pure  water,  tay  two  or  three 
gallons  to  each  ou«oe  of  gold,  and  the  whole  left  uodistnrDed  for  a  week.  A  sediment 
of  chloride  of  silver,  s  little  insoluble  subchloride  of  gold,  and  any  oth<T  iiupnrity 
present  will  then  have  perfectly  settled  down.  The  clear  liquor  is  carefully  dnwn  off  by  * 
fliphon,  filt'-n'd  througli  thick  paper  into  a  perfectly  clean  veswel,  and  the  precipitatioa 
of  the  metaiUc  gold  effected  by  oxalic  acid,  solution  of  protosdphate  of  iron,  or  sal< 
phurous  acid.  Of  these  reagents  we  prefer  the  last,  which  is  to  be  slowly  pMsed 
through  a  wash-bottle  and  int4:>  the  gold-solution,  at  aa  low  a  temperature  as  poanbla^ 
and  uptosBlururion.  It  is  still  better  to  precipitate  the  gold  fractionally  in  thnw 
p«rta,  of  which  tire  middle  and  largest  port  only  is  to  be  used.  The  soft  pjd  powder 
HI  to  be  well  washed,  boiled  in  pure  hyarocliloric  add.  a4>ain  washed  and  dried,  finally 
melted  in  a  strongly  heated  mufiBe  in  a  crudble  of  white  Frenrh  clay  with  » little 
acid  sulphate  of  potawium  and  crystallised  borax.  Gold  of  at  least  the  flnenea  9997 
or  9998  will  generally  be  obtained  in  this  way. 

To  perform  the  oasaya  with  despatch,  every  possible  prepantioB  mast  "he  made 
beforehand.  The  pieces  of  assay-lead  of  uniform  weight  may  lie  most  easily  obtained 
by  use  of  a  bulletrmomid  made  to  cast  pistol  shots  of  tlie  proper  weight  and  fire  or  six 
it  a  time. 

The  assay-silver  must  be  rolled  out  at  a  flatting  mill  to  the  thiekneM  of  a  foorpenny 
>iece,  and  then  cnt  up  into  square  pieces  of  uniform  size  and  of  the  reqaired  weight, 
>T  means  of  a  pair  of  fixed  shears,  with  an  a4}ustai>le  guide  or  gauge  on  the  lower 
blade.  It  is  neceaeary  of  coone  to  recover  the  ailTer  afUr  its  solution  in  the  nitrie 
add,  and  use  it  again  repeatedly.  This  may  be  done  by  predpttating  with  oommon 
salt,  ooUecting  and  washing  the  chloride  of  silver,  and  when  free  from  nitric  acid, 
reducing  it  by  pieces  of  nine  or  iron  laid  in  it  and  caused  to  evolve  hydrogen  by  adding 
a  little  Bulphnne  add.  Tlie  metallic  silver-powder  which  is  in  a  little  time  obtained 
may  be  melted  down  aa  soon  as  it  is  deared  of  the  dne  or  iron  and  the  acid  solntion. 

Mnch  economy  may  be  practised,  if  deared,  in  the  n*<e  of  the  nitrie  acid.  Tbna 
the  stTtmger  acid  (apeciflc  gravity  1  32 )  after  being  used  for  one  assay,  may  be  preserred, 
diluted  with  a  proper  quantity  of  distilled  water,  and  again  osed  as  t£s  weaker  add 
Crr  another  oMtay, 

Even  after  being  used  as  weak  add,  the  silTar  it  oontaiiis  nay  be  precipitated  fay 
hydrochloric  add,  and  both  the  silver  asd  mtik  add  Ixeome  aguin  ■«rriosMbl«*     tU* 
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through,  which  riTmls  in  beaotj  the  ptrmAnganate  of  poUuaium.  From  thia  liqnid. 
*lio  culouring  matter  sepustfls  yery  gmda&lly,  ireeks  ekpaing  before  the  upper  BtntA 
of  the  liquid  becomes  oolourleaa  ;  but  it  is  precipitated  more  rapidly  when  hrated  in  n 
clow  rtmti  between  140**  wad  180°  F.  The  powder  of  CaBsioB  is  insoluble  in  aolutions 
of  potash  ADd  soda.  It  jomj  also  be  formed  by  fusing  together  2  pirt«  of  gold,  3  J 
partB  of  tiD.  luid  16  parts  of  silver,  under  borax,  to  prcTcnt  the  oxidation  of  the  tin, 
and  treating  thi?  alloy  with  nitric  acid  to  distolre  out  the  silver ;  a  piiipl«  residua  ia 
left  containing  the  tin  and  gold  that  were  employed. 

The  powder  of  Casiias  ia  certainly,  after  ignition,  a  mixture  of  stannic  oxide  and 
netallie  ^Id,  from  which  the  gold  can  be  diseolTed  out  by  nitromoriatic  acid,  wbiio 
tlie  stannic  oxide  is  I«ft ;  and  ^e  last  m^de  of  preparing  it  farours  the  idea  that  it« 
coDsHtntion  is  the  same  before  ignition  ;  but  the  solubility  of  the  unignited  powder  in 
ammonia,  and  the  fact  that  mercury  does  not  disKolve  out  gold  from  trie  powder  when 
properly  prepared,  appear  to  be  concluaire  a^aiu^t  that  opinion  The  proportions  of 
Its  constituent*  Tary  so  much,  that  there  must  be  more  than  one  compound ;  or  moro 
likely  the  colouring  compound  combines  with  more  than  one  proportion  of  stannic 
oxide.  Berzeliua  proposed  the  theoty  that  the  powder  of  Cassina  may  contain  the 
purple  dioxido  of  gold  combined  with  sesquioxide  of  tin,  AuO.Sn'O*.  A  glance  at  its 
fbrmnla  shows  how  readily  the  powder  of  Cassiua,  as  thus  represented,  may  pass  into 
gold  and  Btannic  oxido:  AuO.aiK)*  »  An  -^  2SnO*.  The  existence  of  a  purple 
oxideof  gold,  AuO,  ia  not  established ;  but  it  is  probably  the  substance  formed  whcua 
solution  of  gold  is  applied  to  the  skin  or  nails,  and  which  dyes  them  purple. 

PeUetier  gives  the  following  method  of  preparing  a  purple  of  Oassius  of  constant 
composition: — 20  grammes  of  gold  are  dissolved  in  lUO  |!;r4mmes  of  aqua-refna,  con- 
taining 20  parts  nitric  to  AO  parts  of  commercial  hydrochloric  acid :  the  solation  is 
evafforated  to  dryness  over  the  watex^bath;  the  residue  diaaolved  in  water;  thn 
filtered  solution  i£luted  with  7  or  8  decilitres  of  water;  and  tin  filings  introduced 
into  it:  in  a  few  minutes  the  liquid  becomes  brown  and  turbid,  and  deposits  a  purple 
precipitate,  which  merely  r<^nire«  to  be  washed  and  dric<l  at  a  gentle  heat.  The 
porols  thus  prepared  contains  in  100  parts:  32  746  stannic  oxidi",  14*618  stannous 
ozicie^  44'77i  aitnras  oxide  (Aa*0)  and  7'S64  wuter.  The  pn?cipitat«  obtained  by 
treating  trichloride  of  gold  with  pure  stannous  chloride  is  always  brown.  To  obtain  a 
Hae  pvrpla  iMJOcipitate,  the  chloride  of  gold  shoald  be  treated  with  a  oiixt\ire  of  stannous 
and  stannic  chlorides.  The  following  proce«  gives  a  fine  purple:-  a.  A  neutml 
solution  is  prepared  of  1  pt^  of  tin  in  hydrochloric  scid  ;  b.  A  solution  of  2  pts.  of  tin 
in  cold  nitromnri&tie  add  (1  pU  hydrochloric  to  3  pts.  nitric  acid),  the  liquid  beini* 
merely  heated  towardB  the  end  of  the  prooese  that  it  may  not  oootain  any  protoxide 
of  tin ;  e.  7  parts  of  sold  are  diaaotvea  in  nitromnriatie  add  (6  hydrochloric  to  1 
nitric  add),  and  the  solution,  which  is  nearly  nentral,  is  diluted  with  Z600  parts  of 
water.  To  this  solution  c  the  solution  b  is  first  added,  and  then  the  solution  a  drop 
by  drop,  till  the  proper  colour  is  produced.  If  the  quantity  of  a  is  too  small,  the  pre- 
cipitate is  violet :  if  too  large  it  ia  brown.  It  most  be  washed  qniekly.  so  that  tho 
Lquid  may  not  act  upon  it  too  long.     (Graham't  EUmentf,  2nd  ed.  ii.  864.) 

CK>i;SSV    aCABCA8ZT».     An  old  name  of  sine     (See   Ur/»  Dictionary  of 

Art»,  Sjc.  ii.  309.) 

CM>i.x>aw  atn.PBVKST  or  axtikowt.  Bvi^km  Aniimmn  (Kuratym,— 

Pentasulphide  of  antimony  (i.  334). 

(lOiro-OOirO  or  Tam-tum  of  the  Chinese.  A  kind  of  cymbal  which  makes  a 
very  loud  eound  on  being  etnick.  It  is  composed  of  an  alloy  of  copper  and  tin, 
containing,  according  to  Thenard's  analysis,  80  per  cent  copper  and  20  tio. 

OOVOTIUTB.  A  minend  occurring  in  yellow  or  brown  grains  on  the  ahoro  of 
Yli  Kitiuyarvi,  in  Finland.  It  is  indistinctly  crvstallbe,  and  cleaves  with  moderate 
facility  in  two  directions.  Lustre  waxy.  Translucent  oo  the  edgea  Streak  white 
Fracture  conchoidal  or  Bplintery.  Specific  gravity  —  27.  Hardness  —  4  to  i.  Before 
the  blowpipe  it  gives  off  water,'  and  melts  to  a  blisterod  glaos  at  a  stronger  heat.  Ac- 
cording to  Thoreld's  analysis  it  contains : 

BIO*  A]»0»  Fe«0»        MnO  MgO  C«0  K»0  N»=0  H»0 

65-22        21-80        4-80        0  32         600        0^77        4-46        046        6'77- 98-49 

which  by  substitutinc  protoxide*.  m'O  for  seeqaioxidest  M"0*,  may  be  reduced  to  the 
general  form  (M**«')§i*0'»  which  is  that  of  a  roetaailicate,  K'SiO*.  (Jahresb.  f.  Chem. 
1867,  p.  677 ;  liammthberg' s  MinerakhefHu,  p.  861.) 

OOWXOaiSTSX.  An  inBtrnment  for  measuring  the  angles  of  crystals.  See 
Ckystallogkafhy  (p.  169). 

aOKBOVZA  xrOBZXilS.    The  red  coraL     It  coosiaU  of  an  interior  stem,  com- 
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QSAWULTZOW.  The  method  of  diridinc  motiillic  substances  into  grains  or 
smnll  particles,  in  order  to  facilitate  their  comoination  with  otb«r  snbstAnces,  and 
sometimes  for  the  purpose  of  readily  subdividing  them  by  ircigbt. 
«  This  is  done  either  by  pouring  the  melted  metal  into  water,  or  by  agitating  it  in 
a  box  until  the  moment  of  congoTation,  at  which  instant  it  becomes  converted  into  a 
powder. 

Various  contrivances  are  used  to  prevent  danger  and  ensure  success  in  the  several 
manufactures  that  require  granulation.  Copper  is  granulated  for  making  brass  by 
pouring  it  through  a  perforated  ladle  into  a  covered  vessel  of  water  with  a  movable 
false  bottom.  For  making  small  shot,  a  compound  metal,  consisting  chiefly  of  lead, 
is  poured  into  water  through  a  perforated  vessel  of  another  kind,  in  which  the  height 
above  the  surface  of  the  fluid  requires  particular  ac^ustment^  In  some  manu&ctorie* 
of  this  kind,  the  height  is  upward  of  100  feet  U. 

OXASUJbXm.  EuriU.  LeptymU. — A  rock  consisting  of  a  granular  mixture  of 
felspar  and  quartz,  sometimes  with  garnet 

aWLAXVlMmm,  Aeootding  to  Nii^eli  {Die  St&rkemehlkdmer,  1858),  starch- 
granules  consist  of  two  substances,  which  may  be  separated  by  certain  solvent*, 
especially  by  saliva^  which  dissolve  out  the  substance  that  gives  the  blue  colour 
with  iodine  (the  true  starch,  called  grantdote  bv  Niigcli),  and  leave  a  skeleton  of 
cellulose.  Niigeli's  results  have,  however,  been  called  in  question  by  other  observers. 
(See  Stabch.) 

OKAPB.    SeeVnra. 

OKAVB-SVOAlft.    See  G1.U00SB. 

OXA7BXC  CK>&]>.  Graphic  Ore.  Graphic  Tellurium.  81/lvanite. — ^A  tellnride 
of  gold  and  silver  found  at  Nagyag  and  OSenbanya,  in  Transylvania.  (See  SrLTANrrB.) 

OXAVHXTB.  A  variety  of  native  carbon  occurring  in  opaque  masses  of  an  iron 
black  or  steel-grey  colour,  sometimes  crystalline,  sometimes  amorphous.  (See  Carboit, 
i.  768.) 

OSAPBXTXC  AOXZ>.  C"H*0',  or  6r*H*0*.— An  acid  discovered  bv  Brodie 
(Ann.  Ch.  Fharm.  cxiv.  6),  and  produced  ^m  graphite  by  the  repcat^nl  action  of 
chlorate  of  potassium  and  nitric  add.  Graphite,  carefully  purified  by  boiling  with 
acids  and  fusion  with  hydrate  of  potassium  in  a  silver  crucible,  is  intimately  mixed 
with  3  at  chlorate  of  potassium ;  toe  strongest  nitric  acid  is  added  in  suflScient  quan- 
tity to  render  the  mixture  fluid ;  and  the  whole  is  either  exposed  to  sunshine  or  heated 
on  the  water-bath  to  60°  C,  for  three  or  four  days.  If  at  the  end  of  this  time,  no  more 
yellow  vapours  are  evolved,  the  mixture  is  shaken  out  into  a  large  quantity  of  water, 
the  undissolved  portion  completely  wash^  by  decantation,  dried  on  the  water-bath, 
and  a^ain  brought  in  contact  with  the  same  quantities  of  nitric  acid  and  chlorate  of 
potassium ;  and  the  same  treatment  is  repeated  four  times,  or  as  often  as  any  further 
alteration  of  the  substance  arpean  to  be  produced.  Graphite  cannot  be  compIeU'ly 
converted  into  graphitic  add  by  one  warming  with  chlorate  of  potassium  and  nitric 
add,  even  for  a  long  time.  Graphitic  acid  obtained  aa  above  contains  about  \  per 
cent  ash,  probably  derived  from  the  glass  vessels. 

Graphitic  acid  forms  perfectly  transparent,  thin  crystals,  belonging  dther  to  tlie 
trimetric  or  the  monoclinic  system.  It  is  somewhat  wjluble  in  pure  water ;  insrjluble 
in  water  containing  adds  or  salts.  After  drying  at  100°  C.  or  in  vacuo,  it  gives,  by 
analysis  (after  deducting  TS  per  cent  ash),  61  04  per  cent,  carbon,  and  1*85  hydrogen, 
agreeing  with  the  formula  above  given,  which  requires  61-01  C,  185  H,  and  3704  O. 

Deco>i<jicsi('on8.~  Graphitic  acid  decomposes  when  hati.d,  with  explosion,  incan- 
descence, and  evolution  of  gas,  and  leaves  a  black  finely-divided  residue.  When  it  is 
suspended  in  Rangoon  naphtha  (rectified  over  sodium  and  boiling  at  270°  C.)  and 
heated,  a  large  quantity  of  water  distils  over  between  100°  and  200°,  whilst  at  first  a 
small  and  a^erwards  a  largrr  quantity  of  carbonic  anhydride  escapes,  the  naphttia 
acf^uires  a  depp  red  colour,  and  a  black  residue  is  1<  ft  having  the  appearance  of  char- 
coiil.  This  rc^idup,  coll<*ct4-d  aitor  3  or  4  hours'  heating  of  the  grajihiti'"  nc\<\  with  the 
naplitha  to  250''.  wi'i;rhed  6rt-77  to  66'J8  per  cent.,  but  '•till  cont.iiried  tni'-'-n  of  t.-an»- 
parent  crystals:  afl<T  fourtctti  hours'  heating,  it  weighi'd  6.3-77  per  c<  nt.,  and  L:id  then 
the  composition  C-ilH)*. 

ANTien  a  solution  of  sulph'/dratr  of  anmovium  or  s^'Iphid^  of  pf,taJii'hi.n  is  fK>ur'»d 
upon  graphitic  acid,  it  decomposes  with  dwrt-pitation,  fonning  a  graph it//j'Lil  6ubi»taiice 
ha\nng  the  mt  tallic  hi«tre. 

Graphitic  acid  is  dcx^mposed  in  like  manner  by  boiling  with  add  solutions  of  cuprous 
or  sranii'jus  cfUiridt. 

Graphitatfs. —  Graphitic  acid  unites  with  aUnJi*.  fviak'-n  nr  xri'h  a/nifous 
ammovn,  ir  1-  :•  :;-f  .:!..<!  into  a  lrii;»p;in'nt  j<-lly  •w'.rl.out  diMf^ving.  and  on  a<idition 
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of  Mids,  is  precipitated  aa  a  jelly,  like  ailidc  acid,  which,  aft*r  drying  in  rmeno,  hs« 
the  same  w<>ight  as  the  graphitic  acid  originally  employed. 

Graphitate  of  barium. — Moist  jj:raphitic  aciil,  shtiken  up  with  haxyta-water,  then 
washed  and  dried  at  100°  C,  yielded  a  compound  wliich  contained  21 -19  per  cent  Bi, 
and  after  being  siiBpcnded  in  wat«r  and  decomposed  by  a  stream  of  csirbonic  acid,  utill 
contained  at  100*^,  1330  per  cent.  Ba.  Hence  Brndie  reganJs  the  former  aalt  u 
eeeentially  containing  C«H*Ba"0'*  (calculation  2413  per  cent.  Ba),  and  the  latter  m 
0**H''B;i'*a"  (calculatifin  13-73  per  cent  Ba),  and  graphitic  add  probabiT  aa  dibaaic 
The  bttrium-Rultja  are  hygroscopic,  and  detonate  with  violence  when  heated. 

OKAPSOV.     ^mbol,  Gr.     Atomic  weight,  33. — A  modification  of  carbon,  sup- 
poeed  by  Brodie  to  exist  in  graphite  and  eiaphitic  acid,     If  the  latter  oo>mpottnd  ^^^H 
regajrded  as  anologoua  to  the  acid,  Si*H'0*,  which  Wohler  obtained  by  the  actuo  ^^^H 
ozidiaing  ageotA  on  gmphitoi'dal  silicon,  it  must  contain  4  atoms  of  carbon  or  grapbo^^' 
its  formula  then  bet^ming  Grr'H'O*,  and  the  graphon  entering  iato  it  with  the  atomic 
weight  above  given  (Gr'  =  4  k  33  =  C"  =  11  x  12). 

OJtAASBS.  The  coniposition  of  cereal  graasea,  and  of  the  aah  which  they  1eave> 
when  ineintrated,  has  already  been  given  in  the  article  Csa&LLS  (L  823).  The  fol- 
lowing table  (p.  943)  exhibits  the  composition  of  the  ash  of  a  considenble  number  of 
meadow  and  pasture  grasses,  as  determined  by  Messrs.  Way  and  Ogston.  (Roy.  A^, 
Boe.  J.  vol.  ix.  pt  i. ;  and  voL  xii.  pt.  ii.  pp,  616,  630,  638,  639 ;  Jahresb.  £.  Chera.  1&49, 
p.  698,  1860,  p.  668.) 

OWASS-OXXi  BAST  XWDIAS.  An  ethseal  yellow  neutral  oil,  hsrin^  a 
sharp  agreeable  taste,  and  an  odour  like  that  of  loee-oil ;  it  is  said  to  be  obtained  tima 
Andropogon  Iwarancuaa.  By  reetifying  it  with  water,  Stenhouse  obtained  a  tesiooos 
residue,  and  a  colourless  distillate  having  a  leu  agreeable  odour.  This  distillate,  after 
being  dehydrated  by  diloride  of  calcium,  began  to  boil  at  147°  C,  after  which  the 
boUing  pomt  roee  to  160°,  where  it  remained  stationary  for  a  while,  and  then  rr>^ 
higher.  Analysis  gave  83-76  per  cent.  C,  11*47  H,  and  4*77  O.  By  treating  the  tAtna 
distiUfflto  with  sodium,  a  brown  rejsin  was  separated ;  and  the  oil  decantc<d  tberefnan, 
and  agjiin  rectified,  gave  8867  per  r«nt.  C  and  11*6  H,  ^  OH*. 

OKATZO^A  omcnrdXZS.  According  to  Wals  (Johrosb.  pr.  Pharm.  xxi.  1 : 
N.  Jahre*b,  Pburm.  x.  65),  this  plant  contains  gratiolin  (disooverea  by  Marehaixi 
[J.  Chim.  m^d.  1846,  p.  367]),  gratiosolin,  gratioloin,  sevsial  resins,  tannic  sad,  and 
uttirrhinic  acid. 

Gratiolin  is  a  very  brittle  substance,  insoluble  in  ether,  slightly  soluble  in  water, 
«asilj  in  alcohol,  from  which  it  separates  in  warty  masses.  It  melts  in  boiling  water. 
It  dissolves  in  hydrochloric  and  m  nitric  add,  and  with  purple  colour  in  sulphnric 
add,  the  colour  being  destroyed  by  water.  Potash  and  ammonia  colour  it  green  with* 
out  dissolving  it,  hut  the  colour  is  not  permanent.  The  aqueous  solution  of  gratiolin 
is  precipitate  bytannic  add.     (Marchand.) 

According  to  Walz,  gratiolin  is  a  glucosjdp,  having  the  composition  CH^C,  and 
being  resolved  by  boiling  with  dilute  sulphuric  acid  into  gratioletiu,  C'^ff^N)*.  a 
cry^tAlUsable  snbstaoce,  insoluble  in  water  and  in  ether,  gratioleretin,  C'H'H^i*. 
a  resinous  substance,  insoluble  in  wutt^r,  but  soluble  in  ether,  and  glucu5«  (p.  869). 

Gratiotolin,  C**H*'0'*,  is  another  glucoside  contained  in  the  same  plant,  and 
easily  rcsolTed  by  adds,  alkaJis  (and  oven  oxide  of  lead),  into  glucose  and  gratioto 
letin,  CH"0",  a  subetance  soluble  in  water,  and  predpitated  by  tannic  acid; 
gratioBoIetin  is  farther  resolved  hv  boiliiiicr  with  dilute  acids  into  glucose,  and  a  re« 
mixture  of  gratiosoleretin,  C**1I*'''0*,  soluble  in  ether,  and  bydro-gratios 
lerctin.  C**H*H}".  insoluble  in  ether  (p.  869).     (WaU) 

OKAirXilTB.     See  Tectizitb. 

CKAlTHrACxa  or  Gret/watif,  is  a  rock  composed  of  pieces  of  quartz,  Binty 
slal4^,  f<i1i<j-i&r,  aud  day -slate,  cemented  by  a  day-slate  basis.  These  pieces  vuryin  mm 
from  a  h^n's  egg  to  little  grains.  When  the  texture  becomes  exceedingly  fine-grain*  " 
the  rock  constitutes  greywackenBlate.  Its  colour  is  usually  ash  or  smoke-grey,  withe, 
the  yellowish-grey  or  greenish  tinge  frequent  in  primitive  slate.  It  has  not  the  tx>o- 
tinuous  lustre  of  primitive  slnte,  but  glinimers  ftom  interspersed  scales  of  mica.  It 
contains  quartz  veins,  but  no  beds  of  quartz.     Petrifactions  are  found  in  it- 

The  term  grauwackc  formation  is  applied  tu  a  group  of  rocks  betwwn  fhe 
carboniferous  strata  and  the  pnmitive  rocks,  the  true  gnvuwuke  beii^  only  an  indi< 
vidual  member  of  thlfl  group. 

OSAVXTT,  uVEClFXa,    See  Sracinc  GnAvrrr. 

OSZSK  rnts.  An  inflammable  compound,  supposed  by  some  to  have  be«b 
composed  of  a^phnUum  with  nitre  and  sulphur,  by  otheiB  to  hftTe  had  naatly  ths 
same  composition  as  gunpowder. 
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GREEK-EARTH  — OKEEN   PIGMENTS. 


OJlIiXU'-SAJtTH  or  SEZ^ASOirrrs.      An  altered  form  of  angita     Ciitmir 
clfiniliup  green,  or  grren  of  viirioTie  ahftden.     MflS!*ive  and  in  globular  and  anivgd 
ioidnl-iihaped  pieces,  Puniptimea  hollow.     Doll.     Fractiire  earthy.     Opaque.     Fceb 
gliHtoDing  in  tlie  slrt-ak.     Soft  and  spctile.     Rather  grvsvj.     Adheres  sli^tly  to  thf 
OP.     Specific  gravity  =  26.     Before  the  blow-pipo  it  is  eonrertod  into  a  black 


Tesicolar  slag. 
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Potaah      . 

flo'a 
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444 

9812 

6-49 
10000 

6 
99 

8-82 
10000 

100-OC 

Grdeo-earth  appeara  to  hare  hv^n  produced  from  angite  by  the  acti>3n  of  slkftlinf 
earbonatfs  in  solution,  the  ehanije  conRisting  in  th«  rvmoval  erf  limo  and  mienf^w 
and  the  subgtitution  of  alkalis  in  their  place.  It  cwa«i)rts  (.'hiefly  of  forrous  silii»t«.  u 
■will  be  seen  fn^m  the  preceding  analj-ws ;  a,  /',  from  leeland  (WaltCT-shausen) ;  c,  from 
Mount  Baldo  (Ddt-'fKr-'i ;  </,  fivm  the  neighbourhood  of  Verona  (Jameson);  e,/,  from 
Fassa  in  the  Tyrol.     (RaniTnelfiberg.) 

It  is  a  firequent  mineral  in  the  amygdaloid  of  Scotland,  England!,  Ireland,  let^land, 
and  the  Faroe  Islands.  It  occurs  also  in  Saxony,  the  Tyrol.  Hungaiy,  and  ntmt 
Verona.     (Dan«,  ii.  1«5;  BischofB  Chetmcal  Geology,  iL  1.10,  328.) 

CKEUll'  IKOir  OXUB.     Native  ferric  phosphate.     (See  Iron.) 

GK£Sli  XiIL&.]>  OAH.  Arsenio-phosphate  of  lead  with  chloride  of  lead.  (S^ 
Lead.) 

asSES     PZCMEirTS.    Brfman  gretn  is  either  a  basic  earbonate  of  coppr, 
otitiiinKl  by  pncipitiitiug  su][fhate  of  copper  with  a  mixtare  of  earl»onate  of  sodin 
and  oiiustiL-  eoda  or  pfjfii^h.  ur  a  hydi-ated  oxide  prepared  by  preciiiitafiiig  with  oaiMi 
»[\.^i\\^n^.-^Bruii^iriik  grren  is  an  o.TifcM<>ndt  of  cupper,  \tTi?[>AXii\  h-  ■■-•• 
foil  to  the  air.  moistening  it  repeatedly  with  hydrodiloric  acid  or  ? 
exliausting  the  product  with  water  (i.  70). — Chroinf  grfrn  is  <Mther  'Mi 
oxide^  or  a  raixtnm  of  ehrome-ycllow  with  Pmssian-blue  (i.  9.34,  948).—  ' 
or  Rinmann'g  ortcn,  is  a  mixture,  or  perhaps  a  compound,  of  the  oxides  i 

cobalt  (i.  1057). — Q-ystaUiad  grcrn  is  neutral  aot*t«to  of  eoppcr  fi.  1 1  ).  —  £.".  .w.- a  .£^ 
grt^-n  or  Vert  panrntur  is  a  hydmted  cbromic  oxide  (i.  Q50).— J-TngfiJiA-grfm  (T 
finolats)  is  a  mixture  of  ardenite  of  copper  with  Tarinna  white  eubstanc-  s 

sulphate  of  barium  or  calcium. — Iris prerp,  a  colour  fomiirly  used  in  miri 
ing.  was  prepared  by  macerating  in  cold  ablution  of  afiim  or  cfura-w.-iter 
epidermis  of  the  pfnls  of  the  iris,  filtering  the  liquid  through  a  fine  calico,  and  l 
it  to  ifTupomte  on  plates  in  a  shady  place. — MinrraJ  grtrn.     Thi«  temi  is  now  rnn 
rally  api'Hed  to  Sdit-ole's  green,  but  it  originally  denoted  a  mixture  of  2  f '  * 

gn'pn  wilh  6  pts.  white  le«d,  2  pt«.  black  oxide  of  copper.  3  pts.  malaehit 
acetate  fif  lead.  This  mixture  has  an  apple-green  colour,  with  blninh  reflix. —  .'n  '-ri/'t 
grrrn  {Vert  rn  gnjois)  is  a  verj-  fine  grf>en  pigment^  Cijntaiuing  cliromic  a^id,  «nlphn: 
neid.  cyanogen,  p<jt«ssium,  imn,  ami  lead.  Its  preparation  is  kept  seeret,  Irat  it  mar' 
be  jmitatea  by  mixing  the  solutionp  of  ferrocyanide  of  potas.sinra,  protosolphate  nf 
iron,  acetate  of  lead,  and  bichromate  of  potash.  A  precipitjite  is  thru  obtninel  of  a 
TCTT  fine  green  colour,  but  not  so  duntble  as  that  prepared  l>y  tlie  inventorV  fir«K«s^, 
—  Sap  green  (  Virt  df  Vtsw,  vert  r^gitai)  is  the  I'uieo  of  buckthorn  berriei  com  bin  ' 
with  lime  or  alumina.— iV/fft>,  Vienna,  or  Kirchhrrger't green  is  an  arsenate  of 
2Cn'0,As-0*,  pn'p.ir<rd  hy  pn.-cipital.ing  sulpliale  of  copper  with  arsenate  of  , 
sinm. — Mountain  grte-n  is  green  carbonate  of  copper,  either  native  or  prepared  1 
precipitation  (i.  783).— PriM«arj  grem  is  ferrocyanide  of  cobalt;  it  ha»  a  very  n 


Paid  Fircnise).  An  arsenate  of  copper  prepared  in  this  country  and  in  A1kic<>  by  I 
prooena  whidi  is  kept  secret— Zinc  ^<vm.  ITiis  term  is  applied  to  coUilt  cr  Ku 
mann'a  green,  and  to  a  cyanide  of  zinc  and  iron  obtained  by  ma.-  rnfln.'  f-n.  )v  r. 
Prussian  blue  in  a  strcing  ."solation  of  chloride  of  zinc.    A  fine  . 


but,  like  all  other  colours  foi-mnl  from  cyanides,  it  is  not  permr. 
Couleurs,  par  J.  Lefort.,  Paris  1*?55;  also  Urr'a  Dictionary  of  A 


rts,  ^c.  LiiU2,  ii.  4Ui.) 


GREEN  VITRIOL  — GUAIACENE. 
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OKi:i!i7  VXTKIQX.     Protosulphnte  of  iron.     (See  Sulphatm.) 

0KZiEDritA2tfX>XTi:.     Garnot  from  Grm'uland. 

CS-ZiUNOCKXTfi.    NutiTo  sulphide  of  cadmium.    (See  CADUnm.) 

C&SCKOVITB.     Syn.  with  Spttwm. 

Ga.££N'S jUiZ'Xki  This  t <>rm  iR  eommoafy  applied  to  a  Mriew  of  Viifl  lying  bfltir««a 
thi*  ohalk  uivil  thL<  WpAlden  dej>i>sit«,  but  in  atrictly  «pp)icAbl«  only  to  MtlAin  minor 
portiotiH  of  thMn,  marked  by  the  presence  of  minulfl  gnins  of  grwn  silicat*  of  iron 
(the  glaaconite  of  American  mincrulo^sta).  The  upper  portion  of  the  seriflfl  contains 
K  calcarPQiu  eoud,  very  rich  in  soluble  siliai.  and  forming  an  exrelleat  agricultural 
■oil.     (Sc«  GrjiucoHiTB  ;  also  Ure'a  Dictionary  of  Art9,  ^e,  ii.  402.) 

O&SXSirSTOmB  or  Diabase  ia  a  rock  oompoMd  of  aogito  with  Ia1iradant«  and 
elig«>oljise.  The  term  proenrtono  la  aloo  applied  to  crttjiin  varieties  of  trap,  consisting 
of  dark  and  heavy  blacki.Hh-grpen  or  brownish  rock  cumposed  of  felspar  and  horn- 
blende, upu-illy  having  a  cryrtalline  structure,  but  soraetimcfl  compact  When  albtto 
(•uxla^fiiiljipiir)  replaces  orthochise  (potaah-felspar),  the  rock  is  colled  diorite.  (Dana, 
ii.  1H2,  247.) 

GSXiVASZir.    Syn.  with  GRAXATcr. 

CSENATZTS.     Syn.  with  STACftorrDS. 

ORSWOSSXTX.  A  silicate  from  Orengesberg  in  Dalwarlin,  containing,  accord 
tng  to  Hisin^'er's  analysifl,  27*01  percent,  silica,  14"31  alumina,  '218  manganoiu oxide^ 
25  6;^  nrnius  oxide,  14*21  magnesia,  and  12*63  water.  Il  is  alljed  to  dclewitA. 
Colour  (Ijvrk-fiTf en.     (Pan a,  ii.  296.) 

0&£Y  AXTZVtOWr.    Nadre  trisalphide  of  antimony  (i.  S29). 

OBST  COPPEK.     Syn.  with  Tbtraheobitr. 

ORVrWACSE.     Svn.  with  Guacwacm  (p.  941). 

CSfiY  SYS.     See  Dtswo  (p.  369) ;  aim  Urtfi  Dittionnry  of  ArU,  #r.  (iL  403> 

QltOPPXTS.  A  silicHte  found  in  the  limestone  of  Gropptorp,  in  Sweden.  It  is 
enrstaUine,  with  one  distinct  cleavHge,  afibrding  a  broad  ctcaTagc-aurfuce,  and  two 
others  less  distinct.  Hardness  -  2  5.  Specific  granty  —  2*73.  Thin  splinters  tnini«« 
lucent  Colour  rose-red  to  hrownish-ped.  Streak  pal<>r.  FrHcture  splintery.  Accord- 
ing to  Bvan berg's  aualyBia  (OfVendgt  a£  KoogL  Veteiuikapa  Akad.  ForhaQdlingar, 
iii.  14)  it  contains: 

8iO*  At'O'  Fe>0»  CsO  MgO  K'O  Na^O  H«0 

4tV01  22-65         806         4*66         18*28         trTi         0  22         711 

tngether  with  013  of  undissolved  matter  (total  100*13).  whence  Sv.inberg  deduces  th« 
formula  3.1/0.2^ 0».3j'tt>*  +  ZHO  or  6M»0.4.\l*0'.flSiO*  +  6H'0,  which  by  sub- 
BlJtuting  d}  for  Al'  nmy  be  rwluced  to  2M*0.4«r0.3SiO»  +  2H«0,  or  (including 
Mjind  at  undtr  tho  pcnenil  sjTobol  R),to  R»»Si«0'*  +  2H*0  or  R*SiO*  *  |H*0,  which 
IB  the  formula  of  an  orthosllicate. 

OBOmoxXfZTB.  A  variety  of  Wad  or  Earthy  Manganeiw.  found  at  Groroi,  in 
Maycnne  ;  ali^  tit  Vicdeasos  and  Cautem,  in  France.    (8«e  Mamoaitkb.) 

OROSSmuaJt  or  Gro$milaTa.—k  variety  of  lime-garnet.    (Soe  OAxnT,  p.  778.) 

GXir]rA.inrTS  or  Nidal-hiMhtuX  glance.— Tin!i\n  sulphide  of  nickel  and  biamatbt 

found  ut  Gruuiiu,  near  Sayn  Altenkirchon^  with  quarte  and  copper  pyritee. 

OSVirxxitXTB.  A  nearly  pare  iron  augili-,  FeSiO^.  A  spAcimen  from  Collo- 
Irkis,  lualvswl  bv  Grnner  (Oompt.  rend.  xiiv.  794),  yielded  45  9  8;0*,  62  2  FoO, 
!•)  M»;0.  oV)  CiiO'nnd  1*9  Al»0«  =  99-6. 

OVACIxr.  A  bitl4>r  mbufance  extractied  from  Guaco,  the  leaves  and  stems  of  the 
Mikania  Guaco,  a  pUint  nearly  allied  to  the  gptjus  Ettpntorium,  erowing  in  Mf'iiro 
und  South  America,  whcnco  it  ha«  been  imported  into  Europo  and  need  as  a  rem«-dy 
againfit  cholera.  Guaein  w  obtained,  according  to  Fettenkof.r,  by  exhausting  giiMi-o 
with  alcohol,  decolorising  with  animal  charcoal,  distilling  off  the  alcoh<tl,  dia*oIving  tho 
residue  in  ether,  and  leaving  the  solution  to  evaporate.  It  then  remains  as  u  lit;ht 
brown  resinous  ma-^s.  perfectly  soluble  in  alcohol,  partially  in  wiiter,  having  a  vf-ry 
bitter  taste  and  em<<tic  action,  and  emitting  an  intoxicating  odour  when  triturated  with 
«ulphuric  acid.     (Haiidw.  d.  Chem.  iiL  714.) 

OITAXAC^     See  GuAtACmt. 

OViUACEin;.  C*H'0.  Gaiaeene.  Ci/fl;W.— The  light  oil  obtained  in  the  dty 
dislillation  of  guainc  rfsin.  It  is  ctdoiirleas.  and  Itati  an  agreeable  odour,  likf  tlcit  uf 
bitter  nlmondii.  Specific  pnivity  0'874.  Boiling  point  118*  C.  Vapour-densrity  Z^i. 
When  <»xpo«>ed  to  the  air  it  oxidIw»,  .tnd  is  (vii«vrrf*»d  into  beautiful  cryt'tJillinr'  iHminiv 
(Dt^ville,  Compl.  rend.  xvii.  1143;  lix.  134),  It  is  not  altered  by  cadRtic  poJanh. 
«<>hitinn.  ^r  by  on  alcoliolic  solution  of  wwiniohloride  of  iron  ^if  it  contains  guaiaroU 
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the  {roa-«o1utiOD  colours  it  K>%«n).  It  is  iasolnblc  in  ammonia,  and  do«a  sot  oombiiM 
with  the  noid  sulphJt**  of  alkJili-meta.U,  It  is  oiidised  by  chromic  and  by  Ditric  i 
acetic  ncid  being  produced  in  th'i  furmcr  case,  and  oxalic  acid  in  the  Latter.  Acoaxi 
tu  its  composition,  goaiacenc  miglit  he  regarded  as  the  aldehyde  of  angeUe  m 
(C'H'O*),  but  it  is  not  coDvertod  into  that  add  bj  foaion  with  hydrate  of  potaasiani. 
(Oilm,  Ann.  Ch.  Pharm,  cri.  379.) 

C1TAXACZC  A.CX9.     See  6UA.tABmc  Acw. 

OUAlACOZf.  Ht/dridt  of  Gvniacyl.  GuaixKvhua  acid,  Pjfrogtudaae  aeU. 
(Gm.  xii.  3.j().— Gork  iii.  780.— Hlasi  woti,  Ann.  Ch,  Pharm,  cri.  361.)— Prwdooed, 
together  with  guaiacene  and  pyTognalacin,  by  the  dry  di^llation  of  B[aaiac  rraia. 
When  tho  crude  oil  ob»ained  by  this  distillation  ia  washed  with  water  ajia  rectilled  at 
a  modt^rute  heat,  gUHiuo(.*D(>  passeii  over  first,  and  afterwatds,  when  the  he«t  is  increaaed, 
the  guAinoul  dLstils.  It  may  bw  purified  by  repeated  rectification,  or,  areording  to 
Viilck«!],  by  dissolving  it  in  poUi»h.  boiling  it  with  water  na  long  as  any  light  oil  paww 
orer,  then  mixing  it  with  a  quantity  of  sulphuric  acid  not  quite  sufficient  to  combtno 
with  th«  whole  of  the  potash,  rediswolving  the  separated  oil  in  potash,  boiling  the  soln- 
tion  in  a  retort,  till  the  milky  oil  which  paaaea  over  becomes  perfectly  dear  on  ths 
addition  of  a  small  quantity  of  potash,  again  separating  the  oQ  by  snlphnrii;  acid,  and 
drying  it  in  vacuo  over  sulphuric  acid- 

Oujuacol  is  a  colourleas  oil,  having  a  8peci6c  gravity  of  1119  at  22**  C.  (Sobrero*); 
ri2<>  at  16^^  (Volckel).  It  bus  a  p«cuhar  fiiint  odour,  somewhat  like  that  of  crtamiU, 
and  n  puugent  ppppery  Uato  like  clovesL  It  boils  at  210^  C.  (Sobrero),  at  206^ 
(Volckel).  It  does  not  rvddcn  litmus.  It  bums  with  a  white  smoky  flam«.  ititrie 
acid,  even  when  very  dilute,  attacks  it  violently  at  ordinaiy  temperatures,  fbnnlng 
oxalic  acid  and  a  brown  resin.  With  chlorine  and  Arominc  it  forms  crystallisable  fnl»- 
[  «titution-products.  It  does  not  yield  an  acid  when  treated  with  orid^  of  nivcr,  differ- 
ing in  that  respect  from  the  homologons  compound  ftirfiirol  fp,  750),  which  yields 
pyromucic  acid  when  thus  treated,     (Schwanert,  Ann,  Ch.  Pharm.  cxvi.  257-) 

Gutiiacol  is  soluble  in  alcohol^  and  spariugty  wdoble  in  vater.  The  alooboUc  solution 
reduces  the  salts  of  gold  and  ailvtr  to  the  metallic  state;  and  ferric  and  eitprie  salla  ta 
ferrous  and  cuprous  salts. 

Omiiaool  dissulvcs  in  potash,  and  combines  also  with  other  baae^  forming  crystsllis- 
able  Stilts,  wliiob  turn  black  when  exposed  to  air  and  moisture.  It  doee  n«i  deoompotc 
curlionutps. 

Respecting  the  coiopoaition  of  guaiacol  various  statements  have  beea  given. 
According  to  Volckera  analyses,  it  contains  68'9  per  cent  carbon,  6-4  hydrogen,  and 
24-7  oxvgen;  according  to  Sobrero.  687  per  cenL  C,  6-8  H,  and  25-4  0.  whenea 
Volckel' deduces  the  formuk  C^^II'O*,  and  Sobrero,  C**fPO*.  Pelletier  and  Deville 
assign  fo  it  the  more  probable  formula,  C^H*0*,  or  C*H*0*  (calculation,  67*74  pt» 
cent  C,  (5'4.>  H,  and  *25'8l  0),  which  likewise  agrees  nearly  with  the  vapour-density  as 
detrrminod  by  tliftse  chemists  (exp.  4'49;  calc.  for  2  volumes,  4'30). 

According  to  HTasiwetz,  gudiivcol,  obtained  as  above,  is  not  a  d«'finitc  eomponnd,  but 
s  mixtupe  in  variable  prt>portion8  of  the  two  homologous  compounds,  C*H'"0*  and 
C^HH)*.  By  agitating  the  purified  oil  with  strong  ammonia,  or  passing  ammonia-gas 
Into  itf  pressing  the  resulting  crystalline  mass,  dissolving  it  in  warm  ether,  and  titat- 
ing  tho  solution  in  on  air-tight  vessel  with  strong  alcohoUo  potash,  Hlaaiwelz  obtainec' 
a  whitii  cry.attdline  mnas,  consisting  easentially  of  C'*H"KO',  or  C*H*KO*,  aoconf" 
to  tbt^  quantity  nf  potju^h  usr-d.  The  krter  salt  was  likewise  obtained  by  repeatt 
■gitatintr  the  oil  with  mcMlprntcIy  strong  aqueous  ammonia,  washing  the  oil  w1 
■eparuted  from  the  wMt^ry  liquid,  repeatedly  rectifying  it,  dissolving  it  in  an  equal 
vuluni*  of  et!»^r,  and  tn^ating  the  solution  with  a  slight  excess  of  very  strong  alcoholic 
potash.  On  di>compo*ing  the  resulting  potassium-nlt  with  oxalic  or  dilute  jnilphurjc 
acid,  a  colourless  oil  was  obtained,  having  an  agreeable  odour,  and  varyii  j 

point  ttom  20SO  to  230°  C.     The  portion  which  distilled  between  206*^  t-  i^ 

eped^c  gravity  —  l'll7  at  18°, •nd  exhibited  nearly  the  composition  C'HV  .  u-  i-.-^a 
216°  and  218*',  a  distillate  vm  obtained  of  spocifii:  gniTity  1  116  and  eompostioii 
C'*H*»0« :  and  between  2lfl«'  and  220O,  ^  ^ligtilliUe  of  specific  gravity  1089  ttd  > 
poeitioo  C»H'»0». 


From  2(t^°  la  7lffi. 


Calc. 

67-74 

6-45 

26-81 


From  iirf^  to  l\n^. 


67-95 

6-93 

25^12 

10«  ow 


Tb«  formuk  C"H'»0*  is  exactly  intenaediate  between  the  other  twt)  (C7IP0> 
C*H'"0'),     The  proportions  in  which  these  two  compounds  (which  are  homolcff/U* 
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irith  furfurol  C*H*0*)  are  present  mrir*  wjfh  the  nature  of  th«  PM'H  from  which  thi- 
|rii«a);u\tl  is  ijbtfti ne<l.    Thf  eonipoimd  C*H'*U'  ie  likeviw  contained  in  TTOod-tar  areoooir. 

OVAX&COJTIC  ACZI>«  C'*H*^*.— This  oeid,  according  to  Hadelich  ^J.  pr. 
Clu-tn.  cxxxvtL  3'il),  con^titutiji  70-35  per  c«iit  ct  ^oatMC  resia,  and  reoiaifla  in  Ui' 
niotbi/r-liquor  obtaioed  io  the  prepumtioD  of  guaiaretic  acid  (pi  9id).  To  Mparate  it, 
the  mothor-liquor  is  evAporateii  to  dryness,  the  riM<idue  treated  with  boiling  alcohol, 
the  alcobolir  Bolution  evaporated,  and  tho  remaining  brittle  maaa  treated  with  etbar 
(in  wbieh  it  iii-  only  partly  soluble).  The  ethereal  solutioa  when  eraporated  jrielda 
gQaiaconiti  acid,  oa  an  uncr>'Btalli0able  maast  meltinf  at  lOO^C^  inaoluble  in  water, 
poMessing  lapvo-rotatoiy  power,  precipitable  from  its  atcofaatic  aolntion  by  barium'  and 
lead-ualta.  The  le»d-pr»cip'Ufe  containa  C'H^Pb'O*.  There  is  alao  anothi'r  Irad- 
aalt  containing  a  larger  proportion  of  b-ad. 

GuaiacoDtc  acid  is  instantly  tum*^d  blue  by  oxidiaing  agents.     (Hadelich.} 

OVAZACITM.  Guaiae.  Gu^jahare.  li>4ina  iput/aci  natita.  (Uandw.  d.  Chem. 
uL  718.— Gerh.  iii.  778.— Hlasiwetz,  Ann.  Ch.  Pharm.  ctL  361 ;  cxiL  182. >— A  resin- 
ous subatanoe  obtaiui^l  from  the  GucQoeum  officinal,  a  tree  growing  in  Jamaica, 
St.  Domingo,  and  other*  of  the  Weat  Indian  labinda.  It  exudes  »pontaiieott!ily  or  fmin 
inciHioris  mude  in  the  stem  {GuaiatutH  ih  gtanU),  and  Is  likewise  obtained  bpr  oii'ltiug 
it  out  from  the  more  re^oiia  pnrts  of  tlie  tree  (^G'«.  in  moam);  the  latter  u  impure, 
oontaining  chips  of  wood  and  bark. 

Gu&iiicum  has  a  yellowiab  or  reddish  brown  oolour.  and  is  tnuuperenC  in  amall  lamps, 
but  is  generally  covered  with  a  ijToenish-grey  powder,  which  renders  it  opaque.  It  ia 
hard  and  brittle,  with  a  vitfeous  fnvcture  ;  si^ciflc  grarity  =  1  205  to  r22«.  Ita  powder 
ia  white,  but  Hoon  turns  green  when  expoaed  to  the  atr.^  Its  taste  ia  £iint  at  first,  but 
aooD  becomtN<)  ucrid  and  productja  a  burning  sensatioo  in  the  throat  It  has  scarcely 
any  odour  when  cold,  but  when  heated  givea  off  a  peculiar  aromatic  odour,  aomething 
like  that  ni  gum  benaoira ;  it  rae\t»  eaatly,  and  at  a  higher  tempenhture  givea  off  a 
Tapour  which  strongly  irritates  the  lunes. 

Alcohol  dissolves  about  f,  ot  the  remn  of  gnaiacom,  and  the  solatioii  is  precipitated 
by  water.  Ether  and  oil  of  turiientine  likewise  dissolre  it,  but  leave  »  more  considcrablo 
residue.  In  pure  wiUer  it  in  nearly  insoluble;  but  when  Lta  alcoholic  solution  is  ponred 
iiiLc>  a  couiitilerable  quantity  of  cold  water,  the  resin  sepamtea  in  whito  l]:ik^-s,  leaviitg 
a  i^olonrlcAA  liquid  which  posseavea  in  a  high  degree  the  aromatic  o^loiir  of  the  re«iit. 
It  is  immediately  coloured  deep  yellow  by  •  few  dropa  of  ammeniA,  uA  ia  again 
rendered  colourleea  by  acids. 

Guitiacum  diasolvea  in  potash  and  in  strong  sulphuric  add.  The  latter  solutioa 
haa  a  splendid  red  colour,  and  yields  a  violet  precipitate  with  water;  alcohol  first 
colours  the  liquid  viol4?t-blue,  andf  in  larg<T  qu.tntity  troparts  to  it  a  dirty  bluisb-greea 
tint  (Schifi;  Ann.  Ch.  Pharm.  rxi.  372).  According  to  Koasmantt  (J.  Phann.  [3] 
xxxviii  81 ;  R^p.  Chim.  pure,  1863,  p.  391),  it  is  resoked  by  iulpharie  add  into  sogar 
and  a  reidnoua  body  called  gvaiarttin. 

Gnatacnm  is  diatiqgmahad  by  the  £iciUty  with  which  it  oxidises  and  the  tihaoges  of 
colour  thereby  produced.  Both  the  |>owder  and  the  alcoholic  sohition  tnm  green  whe« 
exposed  to  the  air,  the  chauge  taking  place  most  quickly,  according  to  WoUaston, 
under  the  influence  of  the  rioTet  ra}'^  of  the  apeetnun,  whereas  the  md  rays  restore  the 
yellow  colour.  Nitroua  acid  colours  gnMKum  bine,  and  this  reaction  may  be  uacd  to 
detect  the  preaenoe  of  a  small  quantity  of  nitric  add  in  snlphuric  acid.  If  the  coaccn* 
trnted  acid  to  be  tested  be  heatr>d  in  a  te^t^-tube  with  a  small  quantity  of  iron  filings, 
and  the  vapour  passed  into  tincture  of  guaiacuin,  a  blue  colour  will  be  produced  if 
nitric  add  ia  preaent,  but  if  the  sulphonc  add  is  pure,  no  change  of  colour  will  uks 
place  (Schiff ).  Gmuacuro  ia  ooloorod  grsaa  by  fuming  nitric  acid,  and  on  adding  to 
the  liquid  a  modeiate  qiuDtity  of  water,  a  green  predpitata  is  formed,  while  the  liquid 
becomes  colourkas;  a  larger  quantity  of  water  oolonn  the  predpitate  bine  and  the 
eolation  brown. 

The  alooholie  solatton  of  guaiacun  ia  precipitated  green  by  tfilphuric  acid  and  bine 
by  cJUoriru,  Iodine  added  to  the  alcoholic  tincture  of  guaiacum  produces  either  a  dirty 
grMniah  colour  or  none  at  all ;  but  the  liquid  turns  blue  on  addition  of  wster.  Tlis 
prodoodon  of  this  blue  eolour  is  prevented  if  an  add  bo  preriiwsily  added;  but  neutral 
aalta  do  not  prevent  it.  Tincture  cf  guaiacum  is  coloured  blae  by  taquicJUoruU  t^f  inm, 
and  on  adding  to  the  liquid  a  solution  of  hyposulpAiU  of  sodium,  a  very  flos  riolH 
colour  is  at  first  produced,  bat  this  soon  diaappears  and  leavea  a  eoloorleas  liquid.  A 
solution  of  gulphuroug  acid  which  boa  bseci  digested  with  rinc,  imniediatdy  decolari*e<i 
tincture  of  guaiacnni  turned  blue  by  ferric  chloride,  without  at  first  prndudng  the 
violfit  colour.  Unaltered  salphorous  add  also  decolorises  the  liquid,  but  mnch  mors 
slowly.     (Schiff.) 

According  to  U  re's  nnalyMs,  jruoiticum  contains  67"9  per  cent,  carbon,  705  bydrop'U, 
and  2o-l  oxygen.     Pelleticr  fuund.  in  «  very  pure  sp^dmen,  71  0  per  cent*  C,  7  03 
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H,  and  2397  0 ;  Johnston,  who  maljaed  the  portion  of  the  wain  soluble  in  ftleohol, 
o^jtained  70-36  to  70-66  per  t-ent  C,  6  80  to  8*87  H,  and  22-86  to  22-67  O,  whence  be 
deducfd  the  fomnik  C^H^O. 

Guaiacum  is  not,  hoTTever,  a  definite  corapoundL  According  to  Unrerdorben 
(Ann.  Ch.  Phttrm.  xvi.  369),  it  is  sep&mted  by  ammonia  into  two  resinons  piiodpl**. 
one  of  wLieh  is  very  soluble  in  aquooiu  ammonia,  while  the  other  forma  with  that 
alkuli  a  tarry  compound,  which  requirca  6,000  parta  of  water  to  diMolre  it.^  Acooidiog 
to  Pelletier,  ammonia  dissolrcs  ^  of  guaiac  reain.  According  to  Hlasiweti  alao, 
a  eolonrlpBS  crystalline  resin,  guaiarftie  acid  (see  below),  amounting  to  a  laige 
proportion  of  the  wholp,  may  be  obtftined  by  treating  gnaiacnm  with  alkalis,  tM 
decomposing  the  rpsulting  salt  with  hydrochloric  acid. 

According  to  Hade  lie  h  (J.  pr,  Chem.  IxxrriL  321),  guaioretic  acid  constitataB 
about  Jii  o^  guaiac  reain,  and  the  mother-liquors  from  which  it  has  separated 
about  70  per  cent,  of  an  unoystalliMble  add  (guaiaconic  acid,  p.  947)  soluble  in  ( 
and  a  re^in  distinguiehed  as  ^•re«in,  LnBoluble  in  ether,  bat  soluble  in  alkalis,  sad 
precipitated  by  acids.    The  composition  of  gnaiacum,  according  to  Hadelich's  analynj^ 
IS  as  follows : 

Guaiurotic  acid  (crystallisabl©) 10-80 

Guaiiwoni.""  acid  (tincrystallf sable) -     7055 

^-^t«in,  C"H'*0»  or  C»H*0» 9  78 

Gum 8  70 

Woody  matter 257 

Flxt^  con>tihient8  insoluble  in  water 0*79 

Gtmiadc  acid,  colooring  matter,  and  loss 2'33 

lOO-OO 
The  colouring  matttr,  which  contains  nitrogen,  crystallise*  in  small  quadratic  ortab< 
droua  on  saturating  with  a»^tic  acid  the  liquor  obtained  by  boiling  g;tuuac  resin  with 
milk  of  lime.  It  is  a  weak  acid,  soluble  in  alkahs,  and  precipitated  by  ba«ic  aeetate  (tf 
lead ;  soluble  also  iu  alcohol  and  ether,  rery  sparingly  in  water  and  benzene.  The 
colour  is  deeded  by  alkalis.  Th£  colouring  matter  is  not  altered  by  adds.  Stroog 
snlphunc  aod  dissolree  it  with  deep  blue  colour,  which  howerer  aotm  ditappcsBs. 
(Eadelich.) 

Guaia<nim  subjected  to  diy  dietilktioa  yields  gitaiaee$u,  guaiacol,  ask^pf/roQ 
On  rocliiyiiig  the  erode  diHlillate,  the  gimacene  passes  over  below  120°  Cl,  the 
at  higher  tcmperatnres,  and  tlie  pyroguaiadn  is  Jfouad  among  the  last  portions 
tliBtillate. 

Ouaiaretic  add  subjected  to  dry  distillation  yieldfl  a  mixture  of  pyrogoaiada 
goaiacoL 

VjmwTxaivucin  is  a  crystalline  svbttance,  insoluble  is  water,  easflj  mlnble  ia 
nk'ohol.  From  the  latter  solution,  it  separates  in  iridescent  lamiiMe,  generally  hating 
a  reddish  colour.  It  melts  at  183*  C,  and  eoUdifies  in  the  cryFtalline  state.  Wh** 
fltrungly  heated,  it  Tolatilises  and  forms  a  crystalline  sublimate  like  benzoie  aal 
With  nitric  and  chrinnio  acidt  it  forms  a  purplo-red  solution.  Its  alcoholic  solub'mi  is 
joloured  green  by  aetqttichlijntU  of  iron.  (Pelletier  and  Deri  lie,  Compt  rewL 
xvii.  1143;  Ebermaier,  J.  pr.  Chem.  liii.  291;  Nachbuuer,  Ann.  Ch.  Pharm. 
cvi.  882.)  With  strong  sulphuric  acid,  it  fumis  a  yellow  solution,  which,  -wbtOi  wanBwl, 
becomes  reddish  at  ftrst^  then  green,  oui!  ultimately  dark  blue;  water  added  to  it 
throws  down  a  dark  blue  powder,  and  renders  the  supernatant  liquid  coloarlesa.  If  s 
sniiill  quantity  of  peroxide  of  manganese  be  added,  the  blue  colouring  is  prodnoed,  vrm 
without  the  aid  of  heat.  An  alcoholic  solution  of  pyroguaiacin  heatea  with  dUuriM 
acquires  a  dingy  red  colour ;  with  ferric  chloride  a  green  colour. 

PvTogOiiittdn  dissolves  in  hot  potcsh-  and  soda-t^t/,  and  the  solutions,  on  coolia^^^| 
yiplS  capillary  oystals  or  iridescent  lamime,  which,  when  dry,  contain  C"H*>KO*J^^^H 
and  C"H"NaO'.H*0  respectively.  The  solutions  of  those  salts  form  with  n^^^^| 
of  «fvfT  n  prvvipitato  which  soon  turns  black.    (Hlasi  wetiL) 

CtVAZiUtSTZC  Acn>.  C*H*0*.— ThiH  add  is  rho  crystaUisaWe  cooetitu^ 
of  guaiarum,  nnd  amounts,  according  to  fllasiwote,  to  ^  of  the  entire  resin.  T  h  i  erry 
(J.  Pharm.  xxvii.  381),  hy  treating  the  concentrated  alcoholic  extract  of  guaiacum  with 
baryttt-wfttor,  precipifating  the  baryta,  M-ith  jiulphuric  add,  concentrating  the  filtrate 
to  H  jiynjp,  di^sioWng  in  ether,  and  leaving  the  ether  to  evaporate,  obtwned  orystalllM 
warty  masses,  whii-h  witp  coTivert^d  by  sablimiition  into  beantifhl  needle*  recezDhling 
cfimamic  or  benzoic  acid,  and  very  soluble  in  water,  alcohol,  and  ether,  Theaddthna 
obtained,  called  hy  Thi^iTy  puaiHcic  acid,  was  found  by  DeviUe  to  have  the  compo- 
sition CIPO*.  By  dry  distillation,  it  was  resolred  into  carbonic  aahrdride  awl 
guaiacene:  C*H«0«   =   CO»  +  C*H»0. 

Hlaeiwetz   (Ann.    Ch.  Pharm.  cxiL   182),  by  treating  the  alcoholic  rxtnet 
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gnaiicuiD  with  potash  and  decompoeing  the  refiaUin(r  polAwiuni-wiU  with  hTdrocHlorie 
add,  obteiaed  a  cream-eolourfd  rosin,  which  crystaUised  from  alcohol  in  neeaira  of  ac»ly 
cryBtnl*,  hanag  &  pearly  Itwtre  and  a  faint  but  agrewible  odoar  of  vanilla.  This  nro- 
diict  was  regarded  by  Hlasiwetx  as  probftbly  identical  with  Thi^nya  gaaiadc  arid. 

A  more  complete  investigution  of  this  cryatalline  arid  by  Hlasiwetz  and  Oilm 
(Ann.  CL  Pharm.  cxix.  266  ;  Jahrcwb.  f  Chem.  1861,  p.  685)  haa  shown,  however,  that 
it  haa  the  composition  C*H*0*.  Heow  Hlasiwetz  now  regards  it  aa  diatinct  from 
Thirrry'a  add,  and  designates  it  a»  ^n  it  is  re  tic  acid 

To  prepare  gnaiaretic  add,  Hlafiiwetx  and  Oilm  boil  imlrerined  goaiac  resin  with 
milk  of  lima  for  half  an  hoar,  and  exhaunt  the  dried  inaoluble  reaidue  in  a  percolator  with 
hot  alcohol;  evaporate  the  alcoholic  solution,  and  diaaolvetbe  reaidue  in  warm  aoda-le^ 
of  epedflio  gravity  1*3 ;  purify  the  aodium-mll^  which  aeparatea  on  cooling,  by  rwryatalli- 
aation  from  water  cuntAiniog  soda ;  deoompoac  it  with  hydrochloric  add  ;  and  purify  the 
guaiareUc  add  thiu  separated  by  recryatalliMtion  from  stronff  acetic  add. 

Qnaiaretic  acid  forms  brittle,  ooncentrically-grouped  needle*,  which  are  colourlea 
and  inodorouB.  permanent  in  the  air,  and  melt  between  75°  and  80^  C.  It  dibsolvea 
in  alcohol,  ether,  warm  acetic  acid,  sulphide  of  carbon,  and  dilute  potash,  but  not  in 
ammonia,  and  is  precipitated  from  the  potash  solution  by  enl^ammoouc  Its  alculiolic 
solution  is  coloured  grass-grtjen  (not  blue)  by  scaqui-Aloride  of  iron ;  dilorino-wiiter 
does  ooi  colour  it  either  green  or  blue  ;  and  ita  aqueous  emidsion  is  nut  eoUwrt-'d  blue 
by  ftuntng  nitric  add.  Hence  it  appearx  thatguaiaretic  acid  is  not  tfa**  constituent  uf 
gimiao  resin  which  produces  the  blue  colour  wiui  oxidising  agenta.  (Hlasi  wetz  and 
Gilm.) 

The  solutiooB  of  gua  "iuretic  add  turn  the  plane  of  polarisation  to  the  left  ( H  a  d  e  I  i  c  h. ) 

Gnaiaretlc  acid,  when  quickly  heated,  distils  for  the  roost  part  unalterwl ;  but  by 
slower  distillation,  it  yields  a  yellow  oily  distillate,  which  is  a  mixture  of  guaiacol  and 
pyroguaiacin  {p.  048). 

QaaiaretateB. — Guai arctic  acid  forms  neutral  and  add  salts.  The  guaiaivtatee  uf 
the  alkali-metals  are  crystallisable ;  those  of  the  alkaline  earth-mebua  and  heavy 
metalfl  an  amorphous  precipiutes.  The  neutral  salts  are  stable  only  in  presence  of 
excess  of  alkali ;  whou  boiled  with  water,  they  arc  converted  into  add  salts.  The 
nevtrai  banum-tafi,  CPH"ai'^)'  (at  160"  C),  ii  formed  by  decomposing  the  neotral 
potasaium-salt  with  chloride  of  barium.  The  neutred  potoMium-taU,  CII^K  0'  with 
2H*D  or  3H'0,  ajccording  to  the  mode  of  preparation,  crystallises  from  alcohol  in 
scales  and  gives  off  ito  water  at  100°  C,  The  on<f  potMsiumsafi,  C»U*»KO'.H»0. 
obtained  by  boiling  the  neutral  salt  with  dilute  alcohol,  or  by  mixing  an  alcoholie 
eolation  of  the  acid  with  carbonate  of  potassium,  and  dissolving  the  pn>cipitale  in 
aqneous  alcohol,  is  a  crystalline  predpitate  which  gives  off  its  water  at  120°  C.  The 
neutral  todium-talt,  C'*lI*'Nii'0*.3H-0,  forms  shining  crystalline  laminse,  which  be* 
oome  anhydrous  at  120°  C.  The  acid  sodiumt^althhiVit  oompocition  (T'H^KaO'.H'O. 

Hadelich  has  obtAined  a  Uad-talt  containing  (}'*HTb'0*,  whence  he  regards  the 
add  as  t«trubusic. 

Bromoguaiareiie  acid,  C'HTBr'O*,  is  obtained  in  looeelj  Bgaotaated  coUrar- 
leee  needlea,  by  dropping  bromine  into  a  solution  of  guaiarelic  aad  u  ralphide  of 
carbon  till  the  liquid  acquires  a  brc'wn  colour,  evaporating  to  diynee^  vaahing  the 
residue  with  cold  alcohol,  and  dissolving  it  in  hot  alcohol. 

A  similar  product  is  obtained  with  chlorine,  but  it  is  difRcuIt  to  puri/y.  Prntth 
ehloridt  of  phosphorus  also  forms  with  guaiaretic  add  a  tenadoos  resinous  maei 
diffieolt  to  purify. 

OiTASrQizirB.    CH»N»  -  h»!^'  {Carbotriamine),  ot^JN'  (Cyandiomine). 

An  organic  bane  difrovored  and  investigated  by  Strocker  (Ann.  Ch.  Pharm,  cxriii.  151). 
It  IB  produced:  1.  Together  with  pjirabanic  acid  and  small  quantities  of  xanthine,  oxaluric 
acid,  and  urea,  by  the  action  of  hypochlorous  acid  on  guanine,  Wb«in  guanine  is 
immersed  in  hydrochloric  add  of  specific  gravity  I'lO,  and  cryvtala  of  chlorate  of  potas- 
sium are  gradually  added  (12  grms.  of  the  chlorate  to  20  grms.  of  guanine  in  2  or  S 
days)  till  the  batiie  is  gradually  dissolved,  with  evolution  of  gas,  the  solution  then 
evaporated  over  the  wiiter-balh.  and  the  pasty  residue  treated  with  ethor-aleohol,  a 
solution  is  obtained,  containing  hydpochhiraU'  of  guanidine,  together  with  the  other 
products  Bbovf-meiitioQcd.  The  parabaiiic  acid  crysuUinea  oat  first;  and  on  diluting 
the  motber-liqaor  with  water,  warming  it  with  carbonate  of  barium,  mixing  the 
neutral  solution  with  flb!»olate  alcohf>l.  Altering  from  the  resulting  precipitate  of 
oxalurnte  of  bariara,  ianthine-bar}'ta,  and  chh>nde  of  banuin,  evaporating  the  filtrate, 
and  treating  the  residue  with  absolute  alcohol,  hydrochlorate  of  guanidine  dit«olves, 
and  after  removal  of  the  alcohol,  may  be  converted  into  sulphate  bv  treatment  with 
sut{iliatc  of  silver.  The  excess  of  silver-salt  is  then  remnvad  by  adding  an  exactir 
eqairalant  quantity  of  chloride  of  barium;  the  concentrated  filtrate  is  mixed  with 
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nbMlute  nloohoU  which  soon  throw*  down  crystidUne  «ulpb*to  of  ffu»nidine  (o 
remaining  in  solution),  und  from  this  salt  the  bai»e  mny  be  wjpamtwi,  by  preap"-* 
the  Bulphimc  add  with  baryta- wnter,  and  evuponiting  the  filtrate  jaTaLtio. 

2.  By  hoatiug  biuret  {i.  600)  to  160°— 170«  0.  in  diy  hydrochlonc  ucid  B*»; 
in  eniftU  quantitv.  by  boiUng  that  compound  with  the  rtrong  tqtieoixB  Mid :  C7H*IW 
-  CH'N'  +  CO'.     CFinckh,  Ann.  Ch.  PbamucixiT.  336.) 

Guanidine  thua  obtained  i»  a  cr)'»tallin«s  ttrongly  alkaline  hum,  h»^ttg  a  CMUtie 
Urte.  VVIuD  exposed  to  tho  air,  it  deliqnescea  and  ab«jrl«  carbonic  add.  It  aiUlM 
with  acids,  forming  crybtalline  salts. 

Carbonat<^p/Giuinidinf,CE*Vi*0*  =  ^^S^^.^.jo',  obtmined  by  eT8por«ting  th« 

■olotion  of  the  base  in  an  open  vessel,  or  by  deeoniixMung  the  gnlphate  with  earixMiaU 
of  barium,  cryBtallis*)*  in  quadratic  octHhcdrons.  or  in  quudratic  priama  with  th©  boo 
oeP,  oP,  ooPoo  and  P.  It  ia  very  soluble  in  water,  insoluble  in  alcohol,  pennanfnt  i& 
the  air,  'and  when  lieated  abore  123°  C  gives  off  wat*!,  carbonic  anhydride,  and  car- 
bonate of  ammonium,  together  with  a  white  difficultly  volatile  sablimate,  and  leates  i 
jeilow  reeidue  resembling  medlone.  The  alkaline  eolnU'on  of  the  salt  fomu  white 
prwipitatea  with  calcium-,  barium-  and  silver-aalta. 

Hi/droehiorate  of  Guanidine  crystalliees  with  diffieolty  in  slender  needlea.  Tba 
ekloroplatMote,  2(CH»N».Ha)_PtCl*,  cryBtallises  from  water  in  yellow  needles  or  prioH. 

MiraU  of  QMomdtne  forma  prismatic  crystals  which  dissolve  sparingly  in  cold 
Wltor,  and  when  heated  with  nitric  acid  appear  to  be  coarerted  into  mbate  ol  area. 

(C0»)") 

Acid  Oxufattqf  Guanidine,  CH>N«.C»H«OVH'0  =  CH«N»  VO».HK)  forms  coloiula* 

<Ty»taU,  sparingly  soluble  in  water.  The  ttUphate  is  also  crystallisabla,  easily  solahls 
in  water,  insoluble  in  alcuboL 

Guanidine  is  related  in  composition  to  aereral  other  oiganic  bases,  thus: 
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OirAXrrvrX.  C*H*N»0.  fBodo  Unger  [1844],  Ann.  Cb.  Phamu  4.  3M.— 
Neubauer  and  Kerner,  iW*.  cL  318. — Strecker,  itnJ.  ciriil  141;  cxriiL  151.}j 
An  organic  basic  obtained  from  goano.  It  exists  in  all  kinds  of  guano,  abiuidal 
in  the  Perurian,  sparingly  in  the  African  (Unger).  It  constitutes  the  eesentiBl] 
of  the  excrc-ments  of  the  garden  spider,  and  is  found  in  the  KKen  organ  of  the 
cmb,  aud  in  the  Bojauian  organ  of  the  pond  mussel  (Qorup-Besanes  and  Fr.  Will, 
Ann.  Ch.  Phann.  Ix.  117);  also  in  the  pancreas  of  horses  fScherer,  ibid.  cxiL  2i\), 
and  in  the  scales  of  the  bleak.    (Barreswil,  Compt  rend.  luL  246.) 

Preporaiim  from  Guano.— I.  Guoao  is  boiled  with  thin  milk  of  line  UU  a  filtsaad 
sample  exhibits  no  longer  a  browo  but  a  gteenish-yellow  colour ;  the  liquid  is  tba 
filtered :  the  filtrate  neutralised  with  hydrochloric  acid;  the  reddish  mixture  uf 
acid  and  guanine,  which  is  completely  prccipitattnl  after  some  hours,  is  heated 
hydrochloric  acid  to  extract  the  hitter;  the  filtrate  cooled  till  the  hydrochlofale 
guanine  crystaUises  out ;  the  crystals  purified  by  several  rtcrystalligatioas ;  and  I 
guanine  precipitated  fit>m  the  aqueous  solution  of  this  salt  by  ammonia.  1 
product,  after  washing  and  dipring,  amounts  to  ^  per  cent,  of  the  ^uano.  The  still 
yetiowiiih  ^uauo  tiius  obtained  is  treated  with  excepts  of  concentrated  hydrochloric  ad<^ 
witli  aid  of  heat;  the  liquid  u  decanted  before  the  whole  is  dissolrod ;  and  the  undia* 
solved  portion,  already  a  purer  salt,  is  collected  and  repeatedly  treated  in  the  Eana 
manaar  till  ammonia  predpitates  white  guanine  from  it  (Unger).— 2.  GKiauo  sus- 
pended in  water  is  gradtmlly  mixed  with  milk  of  lime ;  the  liqum  is  heated  to  IviliflA 
and  th©  brown  solution  is  stmned  tliiough  n  cloth  filter,  thia  treatment  being  feji 
till  the  liquid  becomes  eoloodess^  By  this  means  colouring  mattera,  ammonia,  vt 
adds  and  other  «ubstanoes  (including  nitrate  of  urea  and  a  body  related  to  xani 
an»  removed,  while  gtianine  and  uric  acid  remain  almost  wholly  nndimolred. 
wsidue  is  now  ropoat*dly  boiled  with  carbomitc  of  sodium,  and  the  united  sol 
are  mixed  with  acetate  of  sodium,  and  theo  with  hydrochloric  aoid  in  sufficient  qu^ 
to  produce  a  strong  acid  reaction.  The  precipitate,  consisting  of  guanine  and  uric  add 
is  washed  with  mMerately  dilute  hydrochloric  acid,  then  boiled  with  the  add.  and  ths 
Boltttiou  of  hydrochlorate  of  guanine,  filtered  fixiro  the  uric  acid,  is  eraponittd.  The 
hydrochlorate  of  guanine  thus  obtained  Mill  contains  uric  odd,  to  reinov«>  which,  t^ 
guanine  is  precipitated  fi-om  the  (solution  by  boiling  wi'ii  dilute  ammonia,  tiiin) 
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wtAwA  in  hot  nitrie  add  to  decompose  tbe  «ri«  add ;  and  from  the  nitrata  of  guanine, 
whidi  OTBt^liBee  from  this  eolation,  the  pare  base  is  predpitat«d  br  ammonia. 

8.  Aooording  to  Neabaner  and  Kemer,  pai«  guanine  is  most  easiiy  obtained  hr  dis* 
wiring  the  oompoond  of  gaanine  with  merearie  diloride  in  Tsry  culate  hTdroehlono 
add,  decomposing  the  eompoud  with  sa^hydrie  acid  gas,  and  predpitating  the  colour> 
lees  nitrate  with  ammonia. 

Guanine  is  a  white  amorj^hou  powder  insoluble  in  water,  alcohol  and  ether.  A 
hydrate  of  the  base,  containing  7*1  per  cent,  water,  is  obtained  by  decompodng  the 
aiilpha».e  with  a  large  quantity  of  water.  It  resembles  ths  anhydrous  base,  retains  its 
water  at  100<*  C^  but  gives  up  the  wholeof  it  at  126^. 

Ouanine  is  deeompMed  by  digestion  with  hydroeUoHc  aeid  and  ckloraU  o/potauium, 
TiddingguanidineaadparmbaBie  acid,  together  with  smallar  quantitiasof  oxft- 
Inrie  aad,  xanthine  and  urea.  The  formation  of  goanidine  and  patabanie  and  is 
reprcaented  by  the  equation: 

(?H»N»0  -I-  H«0  ■!■  0*  -  CH»N»  +  CTH«N«0«  +  00»; 
•tuntaa  OusnU  Fuabanie 

diBe.  seti. 

that  of  xanthine^  which  is  formed  in  small  quantity  only,  by 

1C»H»NK)  +  0"  -  2C*H*N*0«  ^  H«0   +  N«. 

Nitrout  acid  converts  guanine  into  xanthine,  the  transformation  being  explained 
by  the  equation  just  given  (Strecker). 

Ptrmanganaie  ofpotamum,  added  to  a  solution  of  gaanine  in  caustic  soda,  eouTerts 
it  into  oxyguaniae^  C'*H"N"0',  with  formation  of  carbonic  anhydride,  oxalic  add, 
ammonia,  and  urea.    (Kemer.) 

Guanine  appears  to  be  sometimM  oOTTerted  in  the  animal  organism  into  urea : 
when  added  to  the  food  of  labbits,  it  increases  the  quantity  of  urea  excreted  in  tbe 
urine,  which,  moreoter,  does  not,  under  the  same  circumstances,  contain  either  fpianine, 
uric  add,  or  hippurio  add :  part  of  the  ^nine  was,  however,  found  in  the  solid 
exereDients.    (K  erner,  Ann.  Ch.  Fharm.  oii.  249.) 

Compounds  of  Guaniru. — Guanine  unites  with  adds,  with  alkalis  and  other  me- 
tallic oxides,  and  with  metallic  salts  and  chlorides.  It  disttolves  in  the  stronger  adrln, 
but  not  in  formic,  acetic,  lactic,  dtric,  succinic,  or  hippnric  add  (Neubauer  and 
Kerner).  The  compounds  of  guanine  with  adds  are  very  unstable;  they  are  all  de- 
composed by  water,  luxd  those  miidi  contain  volatile  adds  are  likewise  deoumpused  by 
heat     (Unger.) 

HydrobnmaU  of  Otumine,  6(C*fl*N*O.HBr).7H*0  (?),  oystaUisM  from  a  hot  solution 
of  recently  precipitated  guanine  in  hydiobromic  add,  in  yellowish-white  pnjtmatie 
needles,  which  effloresce  bdow  100°  C,  mdt  at  about  180°,  and  give  off  their  add  at  a 
stronger  heat    (E  em  er.) 

HydrocUonOe  of  Gvanme,  C*H'N*O.HCLH*0,  is  obtained  in  delicate  needles  by 
dissolving  guanine  in  strong  boiling  hydrodilorie  add,  aad  leaving  the  sdatioa  to  ewA. 
The  watw  of  oTstallisataon  is  expdled  at  100°,  aad  the  add  at  200°.  Ousniue 
absorbs  hydrochkmc  add  gat  and  forms  a  dihydrochlocatak  0*H*NK).2HC1,  which 
ghres  off  half  its  add  at  100°  or  ia  vacuo.     (Unger.) 

Monohydrochlorate  of  guanine  forms  crystalline  compounds  with  the  ^Wides  of  cad- 
mium, sine,  mercury,  and  platinum.  TYtt  eadmiuT»-»alt,  4<C*H*N*O.HCl).6CdCl'-f  9aq., 
separates  on  mixing  the  moderately-concentrated  aolatioos  of  tbe  cjaponeot  salts, 
in  drusy  aggregates  of  thin  white  laminc  The  rmc-ut/t.  2(C»H»X*0.Ha>.ZnCl«  JH*0, 
is  obtained  in  large  crystals  on  adding  hTdrochiorate  of  gnaaiae  t^>  a  very  sttvag 
solution  of  chloride  of  nnc  The  mercary-salt,  2(C»H»N»O.HCi>.Hg'a».HO.  is 
obutned  by  adding  an  alcoholic  solution  of  mercuric  ehlonde  to  a  stf^ing  eoloti'A 
of  hydrochlorate  of  guanine  (Neubauer  aad  Kerner).  Tha  mUUmmM-salf. 
C*H*N*0.HClJPta«.2U'0,  is  depodted  ia  orange-yellow  crystals  ea  Btxia«  a  boiling 
solution  of  the  hrdroehlorate  with  tetrachloride  of  fdaunnm.     (Unger.) 

HudHodaU  of  Guanine,  6(C»H»N»O.HI).7H'0  f?X  arstallisw  in  tiw  BRm»  f'»nn  *- 
the  hydrobromBte ;  it  is  sparingly  solubkf  in  prirc  -rj-ttr.  wtsilr  in  diJuU  bvdriodjc  arid. 
When  PxpoBcd  to  air  and  light,  it  turns  yellow.  Th*  motS^r-iiquor  r j»-ldt 'l«-Ti4c»-v«-lk/w 
concentrically-grouped  laminae,  containing  a  larger  quautity  of  iJdiijit.  (NeuLauer 
and  Kerner.) 

mtrate  of  Guanine.  A  solntioo  of  guanine  and  lirnlisr  nitnc  acid  d*f>oe>ts  on 
cooling  capillary  interlaced  oystab  of  the  neutral  nitrst*.  <?H*K«0.5HO*.fH*0 
and  shortened  prisms  at  an  add  salt,  C*H*N*0.2XHO'.2H*0.  Sertval  inten&odiate 
nitrates  appear  also  to  exist  A  nitraif  of  njerrwotmm  and  pvantne  ii  obtauMd  «■ 
mixing  the  nolutions  of  tbe  oompoond  saltp  in  CTTStalf;.  wfaidi  diascJre  tpariscly  ia 
«rater,  and  deflagrate,  emittinc  white  fan»'*  -B-heB  b*«t*<L   {Vne^  ) 

Oxalate  of  Guanine,  3C*U*N*0.2C^'f>*.  trpazates  oa  auu^  a  solstioa  <€  ite 
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hydxochlorate  irith  oxalate  of  ammoniiim,  in  aygtals  which  do  not  give  off  anjthing 
at  100«  C.    (Unger.) 

Phosphate  of  Guanine  Mparates  in  crystals  from  its  sdution,  but  is  difficult  to  obtain 
pun. 

Sulphate  of  Guanine,  20»H»N»O.H«8O«.2H«O,  obtained  by  diluting  with  water  a 
solution  of  guanine  in  strong  sulphuric  acid,  forms  yellowish  needles  sometimes  an 
inch  long,  which  give  off  their  water  at  120°  C.  (Unger).  A  sulphate  of  silver  and 
{guanine  is  obtained  on  adding  nitrate  of  sUver  to  a  very  dilute  solution  of  sulphate  of 
ffuanine,  as  a  bulky  translucent  precipitate^  which  shrinks  veiy  much  in  drying,  and 
leaves  a  hard  mass  of  a  pale  flesh-colour.     (Unger.) 

TartraU  of  Otumine,  3C*H*NK).2C«H*0*.2K*0,  separates  from  a  dUute  and 
strongly  acid  solution,  in  yellowish  radiated  nodules,  whidi  do  not  gire  off  anything 
at  120°  C. 

Compounds  of  Guanine  trith  MetalUe  oxides  and  salts.  Ghianine  dissolTes  in  aqueous 
solutions  of  the  caustic  fbsed  alkalis.  A  strong  solution  of  caustic  soda,  saturated 
with  guanine,  and  then  mixed  with  a  large  quantity  of  alcohol,  deposita  the  compound 
C*H*NK).NaH0.2H*0,  in  confused  laminte,  which  effloresce  in  the  air,  and  rapidly 
absorb  carbonic  acid.  Water  decomposes  them,  dissolving  the  soda  and  separating  the 
guanine  (Unger).  A  bariumHxni^Hmnd  of  guanine,  C*H'Ba"N*0,  separatee  on 
cooling  from  a  solution  of  guanine  m  baryta-water,  in  needle-shaped  pnsms,  which 
become  opaque  when  dried  over  oil  of  vitrioL 

A  compound  of  guanine  with  mercurie  chloride,  0*H*N*O.Hg''Cl*.|H*0,  is  ob- 
tained as  a  white  crystalline  powder  on  adding  a  cdd-satuiated  aqueous  solution  of 
•  mercuric  chloride  in  slight  excess  to  a  moderately  concentrated  scdution  of  hydrrv 
chlorate  of  guanine.  It  dissolves  readily  in  adds  and  in  CTanide  of  potassium 
(Neubaner  and  Eerner).  A  compound  of  guanine  with  nitrate  of  sUvfr, 
C*H*N*O.AgNO*,  is  produced  on  mixing  the  solutions  of  nitrate  of  silver  and  nitrate  of 
guanine  (Strecker).  On  adding  nitrate  of  silver  to  a  very  dilute  solution  of 
sulphate  of  guanine,  a  bulky  translucent  jprecipitate  is  formed,  whidi  shrinks  very 
much  in  drying.  When  decomposed  by  txaa,  it  yields  silver,  guanine,  and  sulphuric 
acid,  but  no  nitric  add.    (Unger.) 

introfiuuiliie.  When  guanine  is  dissolved  in  nitric  acid  of  spedflc  gravity  1*15-1*20 
at  the  boiling  heat,  and  the  solution,  after  boiling  till  it  no  longer  gives  a  permanent 
piedpitate  with  ammonia,  is  left  to  cool,  or  evaporated  to  a  syrup  and  precipitated 
with  water,  golden-yellow  flocks  are  obtained,  having  the  composition  of  nitrate  of 
nitro^uanine,  C*H*(NO«)N*O.HNO*,  the  mother-liquor  retainmg  a  portion  of  the 
same  compound,  together  with  oxalic  acid.  A  slightly  alkaline  solntion  of  the  nitro- 
compound yields  orange-yellow  predpitates  with  acetate  of  lead,  and  a  dingy  yellow- 
green  precipitate  with  acetate  ot  copper.  The  silver  compound  has  the  formula 
2C»H*(NO»)N»0.3Ag«0.  (Neubaner  and  Kerner.) 

When  to  the  warm  solution  of  nitrate  of  nitroguanine,  crystals  of  nitrite  of  potas- 
sium are  gradually  added  till  a  brisk  evolution  of  nitrous  ftunes  takes  place,  and  the 
solution  is  then  poured  into  a  large  quantity  of  cold  watw,  lemon-yeliow  flocks  an 
predpitated,  whidi  appear  to  consist  of  a  mixture  of  xanthine  and  nitroxanthine. 
(Strecker.) 

Qgygnanlnm  C"H'*N*0'  (?). — ^When  a  solution  of  guanine  in  caustic  soda  is 
treated  with  a  solution  of  permanganate  of  potassium  till  the  liquid  assumes  a 
reddish-yellow  colour,  oxyguanine  is  fbrmed,  together  with  carbonic  add,  oxalic  add, 
ammonia,  and  urea,  and  separates  from  tiie  alkaline  solution,  on  addition  of  hydro- 
chloric add,  as  an  amorphous,  gelatinous,  reddish-white  precipitate.  It  is  inodorous 
and  tasteless,  insoluble  in  water,  alcohol,  and  ether,  and  dissolTee  but  partially  when 
heated  with  acids :  from  the  nitric  add  solution  it  separates  unaltered  on  evaporation. 
It  dissolves  with  facility  in  ammonia,  potash,  soda,  hme-watcr,  and  baryta-water,  and 
is  predpitated  from  these  solutions  1^  carbonic  acid ;  it  is,  however,  slightly  soluble  in 
the  acid  carbonates  of  the  alkali-metals.  Ita  solubility  in  ammonia  dL'itingui.shes  it 
from  guanine.  It  does  not  unite  with  adds.  Ilie  ammoniacal  solution  forms  pred- 
pitates with  acetate  of  lead  and  nitrate  of  silver.  The  silver-compound  appears  to 
contain  C'«ff*N»0».AgK).    (Kerner,  Ann.  Ch.  Pharm.  dii  249.) 

OJXAMma,    Syn.  with  Stbcvitb. 

QVAMO,  A  substance  found  on  many  of  the  small  islands  of  the  Southern  Ooean, 
near  the  coaets  of  Peru  and  Bolivia,  and  on  the  south-west  of  Africa.  It  consiRt«  of 
the  excremcntitioua  deposit  of  sea-birds,  and  occurs  in  beds  60  or  60  feit  thick.  It 
forms  a  very  powerful  and  valuable  manure,  for  which  purpose  it  has  >»een  ustd  for 
ages  in  Peru,  and  within  the  last  twenty  years  enormous  quantities  of  it  have  been 
imported  into  England  and  other  countries  of  Europe  fbr  agricultural  um. 

Guano  contains  a  ooosiderable  quantity  of  ammonia,  m  combination  with  one, 
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oxalic,  pluMphoric,  and  carlonie  4idd« ;  ftlno  phosphAtra  sod  snlphnt*'*  >if  wlhy  ni4 
ftlkAline  biUM^«,  to^th^^r  with  wAtf<r,  or)^ie  tnatUr,  day  and  aand.  Ita  canip(MtioQ  b 
»cry  rarinblc,  and  il  i«  often  adaltflrat«d. 

Thp  following  table  will  gire  mme  idea  of  the  variationii  in  the  eompontiM  of 
ajiiulultenit«d  guano  (FeloneeetFr^mj,  TVaiU,  2"«  6d.  vL  695): 

Compotition  of  Guano. 


Cotnbtutible  oivanic  matter, 
uric,  oxalic,  uunic  acid,  &c. 

Airlcan. 

Am^rir<n. 

395 

37  0 

\ 

/US 

86-5 

-> 
350 

Ammonia  in  the  form  of  car. 
bonate,  urate,  &c. 

9-6 

95 

4250 

817 

8S 

7-6 

Fixed  alkaline 6alt«,  sulpbatcs, 
pho^hatoa,  chloridce,  &&  . 

7-3 

&5 

708 

81 

66 

8-2 

Pluwpliatefl   of   calcium   and 
mogncsixim 

17fi 

18-0 

22-39 

225 

20-5 

22-5 

OxaliiLo  of  calcium 

.    . 

,     . 

.     . 

26 

Sand  and  earthy  matters 

13 

0-5 

0-81 

1-6 

1-5 

2^ 

Water 

260 

as** 

2713 

222 

260 

250 

10(11 

lOOO 

100-00 

100*0 

99-6 

100-8  . 

The  value  of  gttano  depends  chiefly  on  the  qoantitiea  of  ammmiia  and  phosphorie 
iicid  which  it  contains. 

For  further  dataila  ou  the  composition  of  Koaao,  and  flv  th«  method  of  Mtimatrng 
it*  commercial  Talne,  at*  Ure*  Dictionary  of  ArU^  Mtmufmehtrtt,  and  Minn,  ii.  413; 
abo  Anderton't  Agricultural  Ckemiatry,  Ediiibttrgh,  1853,  p.  204. 

OirJUUUilTA  A  Bilicotitanate  of  calcium,  haring  the  same  compjoition  aa 
spbene  {^,  ».),  from  Monte  Somma,  when  it  oocora,  together  with  sphenc,  in  hWkt,  im- 
Deddfd  m  ii^  and  dueflj  cooaittlioff  of  gbmy  felspar  and  nephcUn.  The  or^etAls  ur* 
dimetric  (cwO-3712),  exhibiting  the  ttces  oP,Pco  (with  lateral  edge-angle  »  40^  44'), 
2Pxi,  »Pao,  odP,  ooP2,  ooP3.  They  aw  Ubulu  between  oP  or  ob Poo,  and  clravf\ 
iitit  very  perfectly,  parallel  to  aPao.  Colour  sulphur-yellow.  Lustre  adamantine. 
Tran!!par«nt  to  translneeot  Streak  doll.  Powder  whitiah-grey.  Fmetnra  iin^Blar. 
Hardness  -  6.  Specific  grarity  =  3-487.  The  mineral  melta  before  the  blow-pipe, 
without  much  chanee  of  ooXoor;  floats  in  small  pieora  without  alteration,  in  a  Ixad  t»f 
phosphorBS-aalt  or  Doraz.  Strong  hydrochloric  add  dismlrea  it  partially,  Irnivin^  a 
r(^<iidu«  «f  silim.  It  givee  by  analysis  33*64  per  cent  SiO*,  33*93  TiCH,  28  Oil  CaO, 
with  tnwMt  of  fprric  and  mangam"c  oiidea. 

Guarinite  Ukewiflo  occura  (witliout  sph^no)  in  a  grpyish-riulpt  tr»cbTt<»,  imp1ant<Ki  oq 
nepticlin  ;  r&roly,  together  with  aphene,  in  the  raLxtnrc  bf  augitc  and  mica  which  is  su 
£rt-c|ueut  un  Somma.     (Gniscarai,  CimenLo,  rii.  448.) 

OVA-r&CiUrXTB.     See  ENA.BOITB  (p.  488). 

OVIZOXXA  OZ.Z^iatA.  The  oleaginottfl  leedfl  of  thia  plant  cont.iiu  7  03 
per  cenL  water,  43  22  oil,  19-37  albaminous  ffobAtanoea,  18-37  angar,  gum.  5ci\.  14  3'< 
cell ulusc.  and  3 -4 Sash,  »  100*08.  Nitrogen  —  3*10 per  oeoU  (Aoderaon.  ITighUiid 
Agr.  Soc  J.  new  aeriea,  No.  69,  p.  S76.) 

ovac  Gomme.  Ownmi.  J^ilmimcAMm.  (Om.  xt.  198.— Gflrh.u.4d7.1— Ar«g*> 
table  substance  which  forms  a  thick  glntinoos  liquid  with  water,  is  tnaoiublc  m  akvbol, 
and  is  converted  b^  nitric  arid  into  oxalic  and  mucic  adds.  Gttms  are  tctv  abandant 
in  the  Tcgetable  kingdom,  existing  indeed  nuire  or  leas  in  all  kinds  of  plants.  .Six 
kinds  of  gum  are  known,  ris.  ^um^inMe,  gum  Stn^d^  ektrry-irte  or  native  ^um,  fum 
of  Btusora^  gum  tragaotuUh,  and  gum  of  teeda.  The  flnt  Ave,  which  are  e&Ued  gum» 
jimper,  exude  apoBtaaeoaaly  from  the  atema  and  Imnehea  of  t»«i,  and  somctinMa  from 
tbe  fruit ;  they  are  mora  or  lesa  aolnble  in  water,  both  hu4  and  cold.  The  aizth  kind, 
(bft  gum  of  tf«d*,  also  called  mncilage,  differs  from  the  gums  proper,  in  not  being 
Holublr*  in  water,  but  merely  swelling  up  when  loiled  with  watar. 

1.  Gufn  Arabic,  This  gnm  exuaea  spontaneously  from  aercnl  kioda  of  acada 
(y4.  vrra.  A,  arabica^  &&)  growing  in  Ar»bia  and  in  Eeypt.  It  Ifarain  amall  tmna- 
parent  trart,  white  when  pure,  but  generally  baring  a  ydlowish  or  bronmish  colour, 
and  crucking  in  all  directions  on  expoanie  to  th«  air.  It  diaaolree  readily  in  watrr, 
and  tho  dilution,  acidulated  with  hydrochloric  Mid  and  then  mixed  with  atcuhol,  de< 
^xwita  white  (lakea  of  arabin  or  arabie  acid,  C"H^"  (L353X  fWmy'a  gamnle 
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Be  id.    This  scid,  in  combtnatioo  wiUi  lime,  magnemak  and  potash,  eonstitatc^  ia  I 
th*  oaBentijd  pwt  of  gum-arabic    When  a  solution  of  gam  is  trartcd  -with  «  aolii 
salt  of  lead,  oopp«r,  &c.,  a  pwdpitate  is  formed  consisting  of  an  amibaU  of  the  —- ' 
Th«  Wd-compound  coutaina  C"H"Pb''0".H*0.    The  corresponding  inlta  of  the  ( 
and  earths  an  eolubla  in  vater,  but  are  prcdpitsted  by  alcohol 

The  specific  gravity  of  gum-arabic  is  I-36fi.    It  contains  70-40  percent  arnbio  sad 
17 -60  -mtiJtt,  the  remainder  oonsistiDg  of  saline  and  earthy  matUT^,  ria.  acid  malst*^ 
of  calcium,  which  may   be   extracted  by   hot  alcohol,  the  chlorides  of  caleintn  an" 
poUueiura,  ae«tate  uf  potassium,  and  traces  of  silica,  iron,  and  phosphate  of  calctiun. 

The  aqneoua  solntion  of  gum-ambic,  and  of  the  other  natunl  pma,  so  fiir  sa  IIm^ I 
are  loliKhle  in  water,  turns  the  plane  of  polarisation  of  a  ray  uf  light  to  the  left;  tafW 
pore  arabiD  [o]  -  —36°  (Bichamp).  The  solution  turns  add  when  expo««l  t«i1 
the  air,  and,  according  to  Fcrmond  (Berthhft  Chim.  org.  iL  250),  is  coorwtwjt' 
after  a  long  time,  into  a  peculiar  sugar,  which  is  di'^xtiO'totatoi^;  aceording  to 
Man  men  ^.  on  the  other  hand  (Compt.  ruid.  xxxix.  914),  the  solution  pi«aenre«  its 
UeTO-rataLoiy  power  unaltered  for  moDtoa. 

6usa-ambic  loft  fur  some  time  in  contact  with  ditute  mlpkurie  teid,  is  converted  into 
dextTtn.  and  on  boiling,  into  •  ferm«iitable  destzo-ntatory  sugar,  probnbly  idratiral 
with  galartoM,  the  product  obtained  from  milk'SUgar  by  the  actiuo  of  adds  (Berthelvi, 
Chim,  org.  >L  219). 

When  strong  tnilpKurie  acid  is  eoTfired  with  a  layer  of  very  strong  solution  of  J 
ordiQary  fjum,  the  gum,  after  standing  for  some  boor?,  is  complet«ly  conTfrU-d  int^l 
metagummic  scid;  but  gura-urabic.  preriously fi»ed  from  lime  by  oxalic  acid,  i" 
■tot  oonTerted  into  metagummic  acid  under  theae  drcumstanceis  (Frimy).  W" 
palT«rised  gum-arabic  is  triturated  with  strong  sntphuric  acid,  it  becomes  oolou 
^tmttivaui  hours;  and  on  diluting  with  water,  neutralising  with  chalk,  then  fili#nnj| 
th«  aolntioo,  and  evaporating,  sulphogummic  acid  n^mains,  together  wilh  »l 
pecnlisr  gun  resembling  th«t  which  is  produced  from  linen  by  the  action  of  ffulpbnrio^ 
acid  (Braconnot),  and  not  capable  of  fermenting  with  yeast.    (Gnerin-Tarry.) 

Gum- arable,  hcAted  with  moderately  strong  niiri£  «cia,  is  oxidised,  with  fonnd 
of  mticic,  Bsccharie,  oxalic  and  tartaric  acids.  With  fumng  nitrie  add,  it  jielda  i 
stitatio  D- pradn  cts. 

Gum,  heated  in  sealed  tubes  with  bro-minr,  yields  a  colourless  or  yellfnrish  liquid^  1 
probably  CH^O^Br*,  which,  when  treated  with  oxide  of  silver,  oxide  of  lead,  orj 
caastic  soda,  is  converted  into  isodiglycolethylenic  acid,  C'H'^O"  (^Barthaodl 
HlasiweCz,  Ann.  Ch.  Pharm.  cxxii.  96).  Gum-arabic  in  the  solid  state  is  not  aclcdl 
opon  by  cA/onVif,  eifber  moist  or  dry,  und  very  dowly  in  aqueous  solution,  a  small  qnaa*'! 
tity  of  carbonic  anhydride  being  evolved.  Gum-nrabic  hented  with  water,  add  carbooalS| 
of  potassium,  and  Jorf/«r,  yields  iofloforra.     (Miller,  Compt.  rend.  xxi.  82fi.)  J 

Gum  solution  does  not  ferment  with  gfajt.  Gum  is  not  altered  by  satira  or  by  th^l 
gastric  juice.  Left  in  contact  with  chalk  and  cKf<M  for  a  month  in  a  warm  plac*;,  itii 
yields  alcohol  and  a  snail  quantity  of  lactic  add,  iriUumt  prpriooa  ibrmattoo  «C| 
roannite  or  glycerin.     (Berthelot.) 

Gum-arabic  is  much  (ise<l  in  medicine  to  form   emoUient  pastes  and  syraps^  i 
in  numerous  processea  in  the  arts.     It  is  added  to  ink  to  hold   in  8a.<qwiision 
tannate  of  iron,  which  would  otherwise  separate  from  \\\t  water;  also  to  blacking  for  s  ^ 
similar  purpose.    Large  quantities  of  it  ore  also  used  for  giving  Insliv  to  empe  and 
■ilk,  for  thickening  coloots,  &c. 

'2.  Gum  Senegal,  obtaiufd  from  a  species  of  acada growing  in  Senegal  (A.  I 
is  very  much  like  giim-urabic.  It  occur)  in  commerce  in  rather  larger  maaaea,  < 
the  sisE«  of  a  partridge's  egg,  nr  sometimes  larger,  with  a  hollow  centreu  Sp 
gravity,  1436.  It  ooutains  Sl'lO  p«r  cent  arabin,  16'10  water,  and  2  or  3  pjer  i 
flittine  matters.  It  formn  a  ranif'whut  stronger  mudlage  than  gum-arabic,  and  ia  i 
used  in  calico-printing  for  thickening  the  cjIouth  and  mordants. 


S.  Cherry-tree  gvm,  which  exudes  from  treosof  the  aroygdaleoua  tribe,  oc 
commerce  in  large  shiiping  red<li,th  liimp»,  often  contaminatMi  with  impuritiM^ 
forms  a  thick  mudlago  with  water,  but  is  only  pflvtially  soluble.     The  •olobla  pOT 
eontuins  arabin,  and  the  insoluble  portion  contains  ceraain,  a  substanee  of  snail 
character,  which,  according  to  Fr^my.  is  a  cumpound  of  metagummic  add  with  liuA^ 
Cherry-tree  gum  conuins  52-1  per  cent,  ambm,  34*9  cexasin,  12  VHteir,  and  1  aalins 
mutter.     It  is  usfd  by  hatters  for  smoothing  the  nap. 

Mrtftt^mmur  acid,  the  orpanic  constituent  of  cerasin,  may  be  formed  from  trnm- j 
arable  by  leanng  n  syrupy  solution  of  that   substance  in  contact  with  oil  of  vitria|| 
(Bee  above),  by  hiating  the  solid  gum  for  some  time  to  160*  C,  and  by  roasting  it  wilkl 
oxalic  acid  (Fr^my).      When  prepared   by  the  first  process,  it  contains  40  96  per 
cent.  C,  ti'i>2  H  and  6302  O.  agreeing  approximnLely  with  the  formula  C'-'H-O".     It 
i»  insoluble  in  alcohol,  and  ia  not  altered  by  boiling  with  pure  water,  but  when  1 


GUMMIC  ACID.  9/)5 

irith  alkaline  intf«r  or  with  •  taatXl  qaiinlity  of  linUy  it  is  oonvrfttd  Into  a  «dt  uf 
iLTiibic  acid.  In  like  mmnner,  naCoivl  canisin,  juad  metagamnuite  of  calcium  obtain«il 
bjj  beating  ^om-arabi^ are  diwolved  by  boilicg  with  wat^r.  Natural  cerasin  likowi.i*' 
duHolvM  more  easily  when  boiled  with  water,  after  addition  of  an  albUine  curbonate,  aa<l 
with  separation  of  carbonate  of  calcium  (Fr^my).  Ceruin  boiled  with  miru:  aad  of 
Bpecific  grarity  1*139  yields  as  much  mucic  acid  aa  gnm-arabio.     (Ou^rin-Varry.^ 

4.  Gum  o/Battorii,  which appejin* »o be  thcproduceof  acactua,  iawhitc  or  boney- 
colntired.  mealy  and  ailvrry  on  the  imrfaor.  and  in  the  form  of  somewhat  flattened  and 
elongalcd  mniisefl.  It  ifl  insipid,  and  mckira  between  the  teeth.  In  watar  it  awaUanp 
to  a  tran»piir*»nt  jeJly,  but  only  a  small  portion  diasolTcs.  The  eolnble  poitioa  con- 
tainH  arabin.  amounting  to  about  1  per  cent,  of  the  gum ;  the  insoluble  por^oQ  oontaina 
basaortn  (i.  619);  it  diaKtlvea  with  the  aid  of  heat  in  potaah  and  inweakacida. 

6    Gum  Tragacanth  or  Adraaant  exndea  from  the  AstnyalM  vervs,  a  tree 

Ewwing  in  Armpnia  and  the  north  of  Peraia.  It  ia  met  with  in  contorted  or  rerroicu- 
ted  threads,  white  orydlow,  and  opaque  ;  spedflc  grarity  1-884.  It  »welU  up  in  water 
and  diasolrea  to  «boat  one-half.  The  soluble  portion  c-ontiiins  ambin  ,  the  ini»o|tili|c  por- 
tion contains  grainR  of  starch,  and  ia  tamed  blue  by  tincture  of  iotlini*.  It  '\b  diMolv4>d 
almost  compleLBly  by  dilute  sulphuric,  hydrochloric  and  oxalic  adds  at  a  temperBture  of 
90«  or  100*  C.  The  filtered  liquid  treated  with  alcohol  deposit*  flocks  of  arabin.  and 
a  coniriderable  quantity  of  glucose  remains  in  solution.  Qum  tragacanth  dLviolres 
almost  entirely  in  water  when  boiled  with  it  for  some  time.  It  contains  533  per  cent, 
arabin,  33-S  bassonn  and  starch,  110  water,  and  2  to  3  saline  matters.  It  i«  umI  in 
mr^licinc  and  in  calico-printing,  ahK)  by  shoemakers. 

6.  Gum  Q/»r(<is  and  roots,  otMueilagt.-  This  substance  appears  to  be  a  univer^ 
■ally  diflfbsed  couBtituent  of  {danta,  and  is  especially  abundant  in  manh-mallow  root,  in 
the  tubers  of  various  species  of  orchis  {Salrp  mmilage\  the  seeds  of  PlanUtgo  jmtjUittm, 
linseed,  the  eeedii  of  quinces,  and  of  ranous  Bpeci(«  of  Salvia  and  other  LabiaUt, 
in  the  bark  and  leaves  of  the  lime  and  elm,  and  in  certain  algie,  especially  Sphm'O- 
euecut  tritpus,  of  which  it  forms  nearly  the  entire  sobstancr,  and  Fuctta  taccharinug. 
By  steeping  either  of  these  seeds,  roots,  &&,  in  hot  water,  the  murilnge  is  obtained  in 
the  form  of  a  thick  jelly,  consisting  of  minute  cells  enclosing  a  soluble  Kut»ta»ce,  an<l 
■woUen  by  absorption  of  wirter  On  digesting  it  with  dilute  sulphuric  acid  at 
80*  to  ino«  C,  itdisflolTes  completely,  and  the  solution  contains  glucose.  To  obtain 
the  soluble  part  of  mucilage,  Unseea  is  shaken  up  with  cold  acidulated  water,  tlif> 
liquid  filtered  and  heated  to  coagulate  albumin,  then  concentrated  and  precipitntol  by 
alcohol.  The  substance  thus  obtained  is  leas  transparent  and  brittlo  than  onlinary 
gum.  It  is  soluble  in  cold  water,  but  the  wjlution  ts  not  so  clear  or  so  ductile  a»  that 
of  gum.  According  to  Niigcli  and  Cramer  (Pharm.  CentP.  1866,  p.  426),  it  swells 
up  when  water  is  poured  upon  it.,  but  docs  not  form  a.  true  solution.  It  is  iiuiolable  in 
aJcohof,  and  is  precipitat^sl  from  ita  aqueous  solution,  or  infusion,  by  tineturt  of  galU, 

Tho  aqueous  solution  of  the  mucilage  of  PlaMtago  p^ium  is  not  altered  by  dilute 
acids,  but  quince-mndlage  is  coagulated  by  acids,  aluks,  and  many  salta,  Mncilage 
Ixjiled  with  mtrif  aeiit  yields  oxalic  acid,  and,  according  to  older  suthorities,  likewine 
mucic  add.  According  to  Nitgeli  and  Cramer,  qaince-mncjluge  yields,  with  nitric  acid, 
nothing  but  oxalic  acid.  The  ash  of  mucilage  contains  carbonate  and  phoaphatu  of 
caJcium,  Bomotimcs,  also,  magnesia,  iron,  and  potaah. 

7-  Artificial  gums, — a.  British  Gum^  Artificial  Own,  or  Ihxtrin,  produced  by  the 
torrefhction  of  starch,  resembles  giira  in  forming  a  viscid  solution  with  water;  but  this 
solution  tarns  the  plane  of  polarisation  of  a  ray  of  light  to  tlie  right,  whereas  the  solu- 
tions of  all  natural  gums  turn  it  to  the  left.     (See  Dsxtbih.) 

A.  Gum  from  Sugar,  C'*H»^'».— This  gum  is  produced,  together  with  Reichardt's 
gummtc  ucid,  in  the  oxidation  of  glucose  by  cupric  aalta.  It  is  precipitated  by  ba«ic  (v*etnt« 
of  lead  (p.  966)  and  freed  from  lead  by  sulphydric  aeid  and  from  ndhcrini;  gnmraie 
acid  by  evaporation  (the  gummlc  acid  b«in^  then  carbonised)  and  filtrution.  and  thea 
precipitated  hjf  alcohol  It  obatinately  retains  a  portion  of  the  alkali  u.<4ed  in  tho  pn' 
paration. —  It  is  very  hygroecopic, nearly  tasteless,  and  easily  soluble  in  wator.  forming 
a  Bolntioa  which  may  be  used  for  the  same  purposes  aa  ordinary  gum.  Nitric  acid  con- 
verts it  into  oxalic  acid.  By  boiling  with  sulphuric  acid,  it  is  rfconverted  into  a  sogar 
which  reduces  cupric  salts.  With  cupric  acetate  and  excess  of  alkali,  the  gum  forms  a 
transparent  blue  liquid,  which  when  lx>iled  deposits  a  greeniah  pnicipiute  not  altered 
by  prolonged  boiluig.     (Reichardt) 

giTM  TiACI.     See  Lac. 


OVKUKZC  ACm.  Ftimfa  name  for  the  oiganic  acid  (Neubaner's  erahin  or 
mrafjic  add)  which  in  combination  with  lime  (and  according  to  Kenbauer.  also  with 
magnesia  and  potash)  constitutes  gum  arabic.    Pr^y  regards  tho  relation  betv 
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gtiramic  rind  tnetfl^immic  acid  (p.  954)  us  riniikr  to  that  which  exist*  between  eolubla 
pectin-Bubstances  and  iimoluble  pectoee. 

The  name  name  is  applu-d  by  Reichardt  (Ann.  Ch.  Fhann.  otxru.  SOO)  to  a 
crystalline  acid,  C»H'«0'»,  which  be  flndu  to  be  produced,  together  with  a  peculiar  kind 
of  gum,  in  the  oxidation  of  glucose  by  cupric  oxide  in  alkaline  solution  (p.  MO),  the 
reaction  tuking  place  in  the  maanor  ehown  by  the  equation  : 

4Cm««0«  +  20CuO  .  2C^'«0'«  ♦  CrH'H)"  ^WO  +  lOCxiK). 

To  prepare  gummic  acid,  cupric  acetate  mixed  with  a  slight  excen  of  alkali  ie  healed 
to  about  60°  C.  und  ^Iucoao  tvided  till  the  reduction  ia  complete,  email  poctHMM  of 
alkali  being  added  frum  time  to  lime,  to  replace  that  which  hae  been  aentralieed  fajr  tha 
gummic  acid  formed.  The  filtered  liquid  is  then  neutralised  with  acetic  acid ;  the 
imniniio  acid  ie  precipitated  by  sulphydric  acid  or  chloride  of  barium ;  and  the  gum 
from  the  filtrate  by  basic  acetate  of  l«wl. 

Guiumic  acid  ■^wratod  &om  the  lead^nrocipitate  by  lulphydrie  acid  or  finm  tha 
bitrium  precipitate  by  eulphuric  acid,  cr)'8tallise8  by  evaporation,  first  at  a  gentle  bcMl, 
aflerwerde  over  chloride  of  calcium,  in  rhombic  prisms  having  a  strong  acid  tasM 
like  that  of  dtric  or  tartaric  acid.  At  100°  C.  it  does  not  pive  off  water,  but  b<<giiMi  to 
emit  acid  vapours;  it  tarns  brown  at  130",  and  m^lts  with  intuiae*eence  at  160",  giving 
off  wnt^r  in  continually  increaaing  prt>f)ortion  together  with  acid  rapcinra.  Of  the 
residue  left  af^er  heatiug  the  acid  to  210°,  only  a  small  portion  ia  soluble  in  water. 

The  gummat^fl  of  the  alkali-metals  are  soluble  in  water;  the  other  salta  epiuiasl/ 
Boloble.  To  the  barium-  and  silver-Baits,  Beichardt  assigns  tbeformnla  2M0.C'IP0^, 
and  to  the  lead-ealt,  znO.CIPO'rHO, 

GITBK^SBBZVB.  When  incisions  are  made  in  the  etems,  branches,  or  roots  of  sune 
▼egetabl«fl,  tin  re  exudes  a  milky  juice;  which  gradually  hardens  in  the  air,  and  sMine 
to  be  fomJl^J  of  rt-sin  and  eswDtial  oil,  kept  in  su»peusioQ  by  water,  ofl«u  louded  with 
gum  and  soTcral  otlier  vegutable  mutters.  To  thin  solidified  juiee  the  name  gam-mia 
u  given, — an  imprupcr  one,  since  it  gives  a  fidee  notion  of  the  body  it  representa.  Ail 
the  gom-reeine  are  solid,  denser  thsa  water,  opaque  and  brittle ;  the  greeler  nnAber 
have  an  acrid  taste  and  a  strong  smelL  Their  colour  is  very  variable.  Water  diaaolTca 
them  in  pail,  and  eo  does  alcohoL  The  aqneou.s  solution  becomes  traaspacvnt  with 
difficulty.  When  water  is  poored  int«  the  alcoholic  solution,  it  becomes  immediauly 
turbiti,  Uio  rt-ainuus  matter  separating  in  a  sUite  of  extrt'ine  division,  and  g'irin^  to 
the  liquor  a  milky  asfn-ct.  Tbt?  print-ipal  guin-resina  are  frankincense,  8«ammony. 
asafcBtitla,  aluoo,  euphurbium,  giilbunum,  myrrh,  oUboniun,  opopooax,  guoi'^ammontAC, 
and  gamboge,  U. 

Qinr-COTTOW*    S«e  PrBOXTLnt. 

OtXHPOWJIBS.    The  invention    of  gunpowder,  which   has  been  aocril«<I  by 

ipular  trudidon,  in  Germany  to  Lerthold  Schwartz,  a  Beoedirtine  monk  who 
lived  about  the  beginning  of  the  fourteenth  century,  and  in  this  country  to  Kog#r 
Bacon  in  the  latter  part  of  the  thirteenth  century,  has  been  found  by  recenl  inveoli- 
gationa  to  date  from  a  much  earlier  time.  Rockete  and  other  incrudiary  projectiles 
appear  to  have  been  known  to  the  Chinese  at  leuBt  two  centurica  before  the  Christ  Lut 
era;  and  the  Greek  historians  relate  that  Alexander,  in  his  ex(>edition  into  India,  was 
deterred  fhnn  attacking  the  Oxydrac^  a  tribe  dwelling  between  the  Hyphasis  and  the 
Ganges,  because  they  were  nnder  the  care  of  the  gods,  and  overthrew  their  enemies 
with  thunder  and  lightning,  which  they  shot  from  their  walls.  Wo  know  with  rer- 
tainty  that  gunpowder  was  used  in  the  eighth  century  of  the  Christian  era:  for  the 
work  of  Marcus  Grwcns,  entitled  ^  Liber  igninm  ai  comburmd/>a  hott(jt."  contains 
exact  directions  fur  making  a  rocket  and  preparing  the  powder  for  charging  it.  cad 
even  recommends  that  the  charcoal  should  be  prepared  from  willow-wooa,  which 
modem  experience  hats  shown  to  be  one  of  the  best  woods  for  the  porpoaei  Boger 
Bacon,  writing  in  the  thirteenth  century,  speaks  of  gimpowder  as  a  oompontaon  well 
known  in  all  countries  for  making  squibs  and  otb«r  fireworka. 

The  rocket  appears  to  have  been  for  a  long  time  the  only  form  of  incendiary  ppqjee- 
tile  used  in  war.  The  first  mention  of  cannon  is  by  an  Arabian  author,  who  ftpeaks  of 
them  as  having  been  used  by  the  King  of  Granada  at  the  n'ege  of  Baza  in  1323.  An 
anthentie  record  of  t  be  republic  of  Florence  shows  that  fire-arms  were  known  in  that  city 
in  1326;  and  in  France  the  public  accounts  of  expenditure  from  1335  to  1345  show 
that  fire-anna  were  then  employed  in  war.  Field  artillery  appears  to  have  b«en  Smt 
naed  by  the  English  at  the  battle  of  Creigsy  in  1 346.  {Enct^padia  BritannuM, — TVaiU 
de  Chime  pinirale  par  PiUv^e  H  Frenii/,  .l"-  6d.  ii.  261.) 

Compot^ion  of  Gunpowdrr,  and  of  the  prodvctt  formed  by  iUt  comhwtinn.  Gun- 
powder, 8«  ereiybody  knows,  is  a  mixture  of  nitre,  sulphur,  and  charcoal,  and  its  exploeive 
power  depends  upon  its  property  of  burning  rapidly  and  with  g;re*t  rue  of  fempmttnre^ 
ami  evolving  by  its  combustion  h  quantity  of  gas  which  occupies  mora  than  1000  tinuM 
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tbeTolmneoftheorigiail  powder.  Th«  qiuattty  And  dwmical  eoropo«ition  of  the 
gHMa  thus  eTolvpd  depoad  upon  the  propartioas  in  which  th«  ititr«,  ■iilphui-,  and  char- 
coslare  mixed. 

It  wu  formerly  supposed  that,  in  the  combtutioo  of  guiKiowdflir,  the  whole  of  t]i« 
sitro^D  waa  set  £ri?e,  and  that  ihe  viwlv  of  the  oxjrgen  of  to*  pitre  eotored  ioto  eom- 
biitatioD  witb  t^  charcoal,  Ibrming  carbonic  aoliydnde,  earbotiic  oocide,  or  a  mixtarc  of 
the  two,  while  tJie  potaaaiam  of  the  nitre  oombinnd  with  the  iulphur,  forming  sulphide 
of  potamium,  thus: 

(1.)      2KN0»  4-S  +   C»-K*8   +   K»  +  3C0«. 

(2.)      2KN0»  ^-   S    +   e*  -  K'S   +   N»  +  6C0. 

Powder  composed  according  to  the  first  of  these  formulae  contains  74"9  per  cent,  n^fr^ 
11-S  sulphur,  I3'3  charcoal;  and  jiolda,  according  to  theory,  48*9  p«r  cent,  by  weiglit 
of  carbonic  anhydride,  10-3  nitrogen,  and  407  sulphide  of  potaasiom.  A  cubic  inch 
of  this  powder*  should  yi(fld  74'6  cubic  inches  nitrogen,  and  22*13  carbonic  anhydride, 
or  296  cubic  inches  of  gas  in  alL 

The  second  kind  of  powder  contains  by  weight  d5'4  per  cent,  nitrc^  10-4  Milphar,  and 
24'2  charcoal,  and  should  yield,  according  to  the  second  of  the  above  equations,  64*9 
per  c«nt.  by  weight  of  carbonic  oxidc^  9*1  nitrogen,  and  36*0  sulphide  of  potassium,  or 
1  volume  of  it  should  yield  68  vols,  nitrogen  and  391  vols,  carbonic  oiide  =457  ToU.  gas. 

It  apppars,  thpn,  that  (he  second  kind  of  powder  i»  capable  of  yielding  I|  times  •■ 
great  a  volume  of  gas  at  the  same  pressuro  and  temperature ;  but  on  the  other  hand, 
carbon,  io  burning  to  carbonic  iinbyaride,  evolves  a&r  KK*ter  quantity  of  heat  than  in 
burning  only  to  carbonic  oxide,  and  the  greater  expansion  of  the  gases  thence  resulting 
Hore  than  compensates  for  the  f  mailer  quantity  of  gas  originally  produced.  Moreover, 
the  second  kind  of  powder  boms  go  slowly,  tluit  the  combustion  is  not  complete  by  the 
tame  the  boll  issues  from  the  gun,  so  that  port  of  the  projectile  forc«  is  lo6t. 

The  ftctoal  products  of  the  combustioa  of  gunpowder  are  in  reality  much  mfnts  coro- 
pHc&ted  tlian  they  appear  to  be  from  the  preceding  theoretical  considerations ;  never- 
theless experience  has  shown  that  the  best  kinds  of  powder  for  flre-ann»,  both  targe  and 
small,  are  composed  very  nearly  in  the  proportions  indicated  by  the  first  of  the  formuliB 
above  given,  as  may  be  seen  by  com|«nng  the  percentage  composition  of  the  vanoua 
Idnds  of  powder  for  fire-arms  given  m  the  following  table,  with  the  theoretical  cumpo- 
tition  of  the  powder  No.  1. 

Gmpositum  of  Gvnpotodfr. 


Deierljitton  of  Powd«T. 

CharcMl. 

Sulphur. 

Kluew 

AMhmMt. 

Swedish  war  powder 

9-0 

160 

76^ 

Meyer 

Wurtembut^  musket  powder 

10-6 

14-8 

748 

•1 

Uesaiao  artillery  powder    . 

10-7 

lo-l 

74-2 

M 

„       Biuitket  powder 

107 

lo-6 

73  7 

>• 

ITanoTrrian  wur  powder     , 

10-8 

18  0 

71-2 

t> 

Mailaud                ,, 

119 

11-9 

762 

Orcuelle  powder          .         . 

11-9 

11-9 

762 

*• 

Italian  war  powder    . 

1        120 

120 

76-0 

Prefhtl 

Dartford  powder 

Curtis  and  Harvey's  powder 

12-6 

7-7 

79-7 

Meyer 

12-7 

92 

781 

^ 

Wurf  emburg  war  powder   . 

12-3 

12-5 

74-6 

liuck 

Austrian  musket  powder    . 
Hessian  war  powoer  . 

131 

113 

766 

13  3 

13  4 

783 

ft 

{■reDch    sporting   powder    from 
AngooUme  and  Le  Bouchet    . 

13-6 

96 

76-9 

Pn«hU 

Eaulish,  fi«m  Waltham  Abbey  . 

13-7 

101 

76-3 

Ure 

Dcmete  powder 

14-0 

100 

760 

Mryer 

Miethen  powder  (1648 J      . 
Fn-nch     round     powaer     from 

169 

90 

761 

„ 

Essonnc          .... 

160 

10-0 

74-0 

Precbtl     1 

Dutcli  artillery  powder 

160 

139 

698 

Mryer 

Russian            „ 

177 

11-7 

70-6 

f. 

Italiari  sporting  powder 
Powder  from  Champy 

182 

8-6 

73-2 

i^vhtl 

18-9 

4-8 

76-3 

Meyer 

Chinese  powder          .         , 

231 

15-4 

61-6 

PrechU 

*  Arrnrdirtc  to  G4y>La(uc,  tbe  «Hght  o(  «  given  toIuim  of  gunpowder  U  0-9  tlut  of  aa  #i|ttftl  talk 
o<  walar. 
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In  aQ  tbeM  Idnds  of  powder,  esnmting  the  OhineR,  idkieh  approadiee  n»^ 
to  INo.  2  (p.  957),  the  proportions  at  the  ingredients  are  nearly  tm  same,  the  van- 
adone  arieing  diiefly  firom  the  difffarent  degrees  of  purity  of  tibe  materiale  used ;  in 
some  the  proportion  of  duurooal  is  Inereaeed,  and  that  of  ndphiir  diminiiihed,  to 
alloir  fbr  tiie  smaller  percentage  of  carbon  in  ihe  cbaxfsoul  employed ;  in  othen  tiw 
percentage  of  nitre  is  somewhat  increased,  probaUy  to  obtain  a  mora  rapidly  fafoning 
powder. 

Blasting  powder  nsnally  contains  a  larger  proportion  of  sulphur,  wMdi  is  a  dieaper 
materied  Visa  charcoal,  and  may  be  used  in  ezcees  in  the  composition  of  this  powder; 
but  if  present  in  hu^  quantity  in  powder  for  flre^arms,  wonld  corrode  the  metaL 
The  composition  of  ^neh  blasting  powder,  and  of  its  products  of  oombustioi^  is 
aj^noximately  that  which  is  indicated  by  the  equation : 

ENO*  +  S-i-C*    -    KS-i-N'i-OO'+OO. 

100  pts.  of  this  powder  contain  64 '8  pts.  nitre, -20-4  sulphur,  and  14-7  diaiooa^ 
and  should  yield  by  combustion  89*0  pts.  by  wei^t  of  disolphide  of  poCaaainni, 
9*9  N,  31-2  carbonic  anhydride,  and  19*9  carbonic  omde. 

The  actual  products  of  the  combustion  of  gunpowder  are,  howerer,  as  abeack 
observed,  much  more  complicated  than  the  premdin^  theory  would  indicate ;  indeed 
notwithstanding  the  near  agreement  of  the  composition  of  the  beet  kinds  of  powder 
with  that  pointed  out  by  theory,  the  equations  above  given  cannot  be  taJcen  as 
(he  real  reprraentation  of  the  chemical  change  which  takes  place,  inasmuch  as 
the  residue  of  the  combustion  is  found  to  consist  mainly  of  sulphate  and  carbonate 
of  potassium,  with  only  a  small  quantity  of  sulphide.  When  powder  bums  to 
contact  with  the  air,  it  might  be  supposed  that  the  sulphate  of  potassium  is  formed 
from  the  sulphide  by  atmospheric  oxidation;  bub  the  same  result  is  obtained  in  burning 
powder  in  a  dose  vessel  or  even  in  a  vacuum,  whence  it  follows  that  the  sulphate  of 
potassium  is  a  direct  product  of  the  combustion  of  the  powder  independently  of 
atmospheric  oxidation. 

Qay-Lussac  and  Chevreul,  hy  burning  gunpowder  in  a  copper  tube,  obtained  a 
ffsseous  mixture  containing  in  100  pte.  45-4  pts.  CO*,  37"6  N,  Shi  NO*,  06  carburetted 
hydrogen,  and  8-3  of  a  peculiar  gas  containing  cajrbon,  hydrogen,  and  o:iygen. 
In  another  experiment,  they  obtained  63  per  cent.  C0»  42  N,  and  6  CO.  The  solid 
residue  was  found  to  contain  sulphate,  carbonate,  and  the  higher  sulphides  of  potas- 
sium, as  well  as  the  protosulphide. 

More  elaborate  investigations  of  the  products  of  combustion  of  gunpowder  have 
been  made  of  late  years  by  A.  Vogel,  jun.  (BingL  poL  J.  cxxxri.  166),  by  Bunse  n 
and  Schischkoff  (Pogg.  Ann.  ciL  321;  Wagner's  Jahresb.  1867,  p.  131;  1868, 
p.  158);  by  Li  nek  (Ann-  Ch.  Pharm.  cix.  63);  and  by  Karolyi  (Phil.  Mag.  [4] 
zxri.  272).  The  experiments  of  Buneen  and  Schischkoff  were  made  with  sporUng 
powder;  those  of  linck  vrith  Wurtembuig  war-powder :  those  of  Karolyi  with  Austrian 
war-powder.  The  following  table  exhibits  a  comparative  riew  of  the  results  of  these 
e:^eriments: — 


Charcoal 


BuDMBand 

Scbiachkoft 

Linck. 

Karolyi. 

Sporting 

War 

Smatt-arm        Ordmanee 

pom4er. 

pow4er.           pow4gr. 

Nitre   . 

78-99 

74-66 

77-16            78-78 

Sulphur 
Carbon         . 

9-84 

12-49 

8-68             12-80 

7-69 

12-31 

11-78            10-88 

Hydrogen    . 

0-41 

0-64 

0-42              0-38 

Oxygen 
Ash     . 

807 

1-79              1-82 

.     . 

.     . 

0-28          .    0-31 

100-00 


100-00 


100-05 


99-97 


OateeuM  Product  of  CkmbuaHon  by  Volume, 


Nitrogen     .... 

41-12 

84-68 

36-88 

37-58 

Carbonic  anhydride    . 
Carbonic  oodde   .        . 

62-67 

62-14 

48-9.1 

4274 

8-88 

4-83 

518 

10*19 

Hydrogen  .        .        . 

1-21 

1-68 

6-90 

6<93 

Sulphydricadd  .        .        .        , 

0-60 

7-18 

0-67 

0-86 

Oxygen 

J/Lnnh  gas 

0-62 

0-04 

8-02 

2  70 

100-00 

lOOKM) 

10000 

100-00 

8alp}iiit«  of  pot*Mium 

ChirDonate 

Hypomilpliite 

Sulphide     . 

SnlphocyanAtc 

Nitrate 

ChaiToaJ     . 

Sulphur 

8e«qaicaiboDSie  of  uomoiuum 

Nitrogen 

Carbonic  anhydrido 

Carbonic  oiido   . 

Iljdpogpn  .         , 

Sulpbjdric  acid 

Oxjgea 

Jifarah  gu  . 

lioea  . 


Qoaotitj  of  gu  (in  cubic  ce\ 
tre*)  for  a  gramme  of  po' 


100-00 


Boasen  and  Schisthkoff  find  that  the  amoke  of  gunpowder  hiw  nearlvthe  same  eon- 
jjositioB  u  the  solid  raridne  of  the  combiutioa,  oooniting  maiiilj  of  sulphate, 
carbonat«,  and  hypoflnlphite  of  jxitasaium. 

The  Juat  produced  br  the  combtuitioa  of  gunpowder  hu  tieen  rariotulj  cetitnated  bj 
diffen>Dt  obNirrers.  Ban8«>n  and  SchlscUioff  found  that  one  gramme  of  vportiiig 
powder  erolTed,  in  burning,  a  quantity  of  heat  suffident  to  nu>e  the  temp«ratTU«  of  an 
«qiial  iMight  of  w&tor  64S'9<^  C.  Tbi«  number,  however,  must  be  diminished  by  tho 
amount  of  heat  due  to  th(<  farther  combust  ion  of  the  inflamnuible  gases  present  by  the 
air  mflchanically  enclosed  within  tbe  powder-  This  correction  reduces  the  amount  of 
heat  due  t«  the  actual  combustioa  of  the  powder  to  619' j<^  C. ;  and  this  number 
divided  by  the  som  of  riie  eppciMc  heatn  of  the  prodocts  of  comboBtion  (estimated  by  B. 
and  3.  as  -  0-207)  gives  2993^  C.  for  the  tpmpcraturs  of  the  flama  produced  by  ths 
combustion «f  gunpowdf^r.  If  tlie  powder  is  burnt  in  a  eonfined  spaoe^so  that  the  gasM 
cannot  expand,  the  temiuTature  of  the  flame  will  be  considenibly  bicker,  eaoal  in  fact 
to  the  quotient  obtained  hy  diTidiog  the  heat  of  combustion  by  Uie  spedfio  neat  of  th« 

products  refemyd  to  a  constant  volume,  that  is  to  say,  ^.^-j?  -  3340*'  C. 

The  maxiuum  pressure  exerted  by  the  gases,  at  the  fint  instant  of  evolution,  on  the 
inner  mirfaoe  of  the  gun,  and  on  the  projectile,  is  estimated  by  Buniien  and 
Scliiadikoff  at  4374  atmoepheres.  Former  experimeDt«ra  had  estimated  it  at  mueh 
hi|zher  ammints,  but  the  data  on  which  their  caleuitttions  were  founded  do  not  *ppf*f 
to  be  very  tiustworthT.  The  greatest  mt>chanical  effi'rt  or  theortticid  working  rjffict  of 
the  powder  examined  by  Bunsen  and  Schijcbkoff  b  estimated  by  them  at  67,148 
mstwj-kilogrammea  •  for  a  kilogramme  of  powder. 

For  descriptions  of  the  machinery  und  prooeases  used  in  the  mnnufairture  of  gunrowder 
see  HichanUon  and  Wa-tis'*  €he-inical  TtchiuAoov,  voL  i.  pt  iv. — AhH  and  Binxam't 
Himdiookef<!hiinii»try,  London,  1854,  p.  239. —  Urr  a  Dicliimary  of  Arts,  Manv/wrtHrt*, 
and  Muss.  u.  \2%.—Rtqnault,  dmrs  de  Ckimie  Uimentairf,  ij.'291.— Pe/ourc  et  Frimy, 
TrmiU  dt  'GdmU  gMralt,  3me  ^  ii.  293. 

dnalvsiM  of  Gunpowder. — I.  IkUrmination  of  Moisture. — A  known  weight  of  the 
powder  is  either  placed  for  several  days  la  a  vacuum  over  oil  of  vitriol,  or  it  is  placed  in 
a  U-tube  ki'pt  at  a  temperature  of  60**  or  70°  C.  and  exposftd  to  a  current  of  dry  air.  la 
either  case  tie  loss  of  weight  of  the  powder  gives  the  quantity  of  moisture  contained  in  it. 

2,  DfitriKination  of  ike  Nitre. — 10  grms.  of  the  d:^  powder  are  digested  in  hot  watw, 
and  the  undissolved  reHidue,  consisting  of  sulphur  and  charcoal,  is  collected  on  a  small 
filtciT  previously  dried  and  weijfhcd.  then  washed,  dried,  together  with  the  6lter.  at  a 
raodprate  heal,  ""id  weighed.  The  total  weight,  diminished  by  that  of  the  filter,  girsa 
the  CTim  of  the  weights  of  the  sulphur  and  carbon,  which,  deducted  from  the  original 
weight  ofthe  powder,  gives  the  nitre.     The  latter  m«y  ixho  ho  deterniin<i'd  directly  by 

*  A  mftrMtllugTuniDF  Is  the  force  r«{ir«teDted  tir  the  UU  o( «  k,ilo(rjimino  iieishl  Uiruugb  lli«  b'lubl 
Qflnitt*. 
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poimng  cold  vAier  on  th«  diy  residne,  the  filnu  separate  firom  the  ghiss  or  porcelaia 
*Stt}T  a  few  minuleii,  and  may  be  lifted  off  without  breaking.     (Payen.) 

Purifieid  gnttxi  percba  has  a  brownish  red  colour  and  a  density  of  0-979.  It  bcc^omea 
deetrical  by  friction,  and  is  a  very  alow  conductor  of  oloctricity.  Hcnco  tt  i»  much  uM>d 
for  forming  icBuliitiug  supporta  in  electrical  apporatos,  and  for  coating  U'lfgraph  wire* 
which  are  to  be  immersed  in  water.  At  the  orclinaiy  temperature  of  our  cliruatt',  it  pos- 
aetwes  considerable  tenacity,  about  equal  to  that  of  strong  leatlier,  and  somewhat  Itsa 
flexibility.  At  about  48'^  C.  {116°  i-",)  it  aoftens  and  become*  pa^ty,  tliough  fctill  Tt-ry 
tentidoufl.  Between  42'  and  60^  C.  (103^  and  104°  F.)  it  may  easily  be  sppt-ad  out 
into  ahfH'ts  or  drawn  into  tliroadii  or  tabes.  Ita  supplfluesB  and  duct.^ity  diminish  aa 
tbt"  temperature  lowera,  and  it  does  not  possesa,  si  any  temperature,  the  elastic  exten- 
sibility of  caoutchouc.  When  sofloned  by  heat,  it  may  b«  worked  by  prcaaure  into  any 
required  shape,  and  will  take  the  finest  impiressioD*  of  s  mould ;  hencv  it  ia  mach  uaed 
for  ornamental  mouldinpe  of  picture  framea.  &e. 

Gutta  percba  is  remarkably  poroua;  a  thin  film  of  it  obtained  by  leaTing  adropof  it« 
aolntion  in  Hulphide  of  carbon  to  evaporate  spontaneously  on  a  plate  of  gbua,  appeam, 
when  eiuiniueU  by  the  microscope^  to  be  full  of  minute  porea,  likes  ateve.  Thia  poroua 
Btnicturo  may  be  chuiged  by  traction  into  a  fibrous  structore,  the  gutta  percha  being 
capable  of  extending  in  this  manner  to  double  its  original  length ;  it  then  poaaceaea  little 
fkirther  exteneibihty,  but  will  support  without  breaking  a  force  equal  to  the  double  of 
that  which  produced  the  extension. 

Qutta  percha  h  ingoluble  in  water,  sparingly  soluble  in  Anhydrous  alcohol  and  anby« 
drcvns  ether.  It  diHHolves  in  small  qtiHtitity  in  boiling  olive  oil,  and  is  deposited  from 
the  aolution  on  cooling.  Benzene,  sulphide  of  carbon,  chloroform,  and  oil  of  turpentine 
dlasolTe  it  easily  with  the  aid  of  heat*  It  resists  the  action  of  alkaline  eolutions,  of 
hydrochloric  acid,  and  of  hydrofluoric  acid:  bottles  made  of  gutta  percha  form  very 
convenient  receptacles  for  hydrofluoric  acid.  It  is  carbonised  by  strong  sulphuric  acid, 
and  converted  into  a  yellow  reain  by  nitric  acid.  By  dry  dialilliitiou  it  ;^ields  very 
inflammable  oils. 

According  to  Payen  ('C'>rapt.  rend.  xxxv.  109\  gutta  percha  purified  by  solution  in 
ralphide  of  carbon,  oa  >,  i,  ^iescribed^  is  a  mixture  of  three  proximate  principles;  via. 
— 1.  A  portion  insol  ■'  ^  alcohol,  whether  cold  or  boiling,  and  amounting  to  75 — 82 
per  cent,  of  the  wlinle.  Thiu  is  chilled  by  Payen  pure  gutta. — 2.  A  ciystalline  aubetanoe 
called  alban,  ini^nluble  in  cold,  bat  solnble  in  boUuig  alcohol;  this  hat  been  already 
deseriLwHl  {i.  04 J,  it  umoimts  to  19 — It  per  cent,  of  the  gotta  percha — 3,  A  yellow 
resinous  substance  called  fluavil  (it.  66U)  soluble  in  cold  tdoobol,  and  amounting  to 
6^4  per  c«.'nt.  of  the  whole.  According  to  Piiyeo,  the*e  three  enibstancea  ore  i(>onjeric, 
their  compoeition  being  eipwistied  by  the  formula  C?H'*.  Payen's  pure  g«tta  ia  whito, 
lipaque,  elastic;  sotteus*  aud  iM^comes  adhesire  at  60°  C;  melts  at  about  100-*;  disartlvei 
in  benzene  wheu  he*t«'d,  in  sulphide  of  carbon  at  ordinary  temperatures,  but  is  inaolnble 
in  alcohol  And  in  •'ther. 

From  the  experimente  of  Oudomana  (Riv.  Chira.  app.  i.  455),  and  of  v.  Baum- 
hauer  (J.  pr.  Chem.  Ixiriil  277).  it  appears  however  that  pare  gutta  is  a  hydrocarV>on 
isomeric  with  oil  of  turpentine,  C'*H",  and  that  alban  and  fluavil  are  formed  from  it 
by  oxidation,— fluavil  beinp  (C'"n")*0  and  alban  C»«H'H),— probably  together  with  a 
whole  Bcriea  of  other  prmhu'ts  of  oxidation,  including  formic  acid.  Thia  oxidation 
appear.^  to  take  place  during  the  extraction  of  the  gutta  percha  from  the  trees,  and  if 
it  could  be  prevented,  there  is  no  doubt  that  pure  gutta  would  bo  at  once  obtained. 
(Bleekrode.) 

Baumhauor  prepares  pure  gutta  by  exhausting  gutta  percha  with  water  and 
hydrochloric  acid,  and  treating  t!ie  reaidae  with  boiling  ether  (which  dissolves  every- 
thing excepting  n  few  black  flocks),  leaving  the  filtrate  to  cool  pressing  the  substance 
which  fiep>arates,  and  repeating  the  treatment  till  the  ethereal  liquid  rctaina  nothing  in 
Bolntion  after  cooling. 

Pure  gutta  thus  prepared  is  perfectly  white  when  reduced  to  fine  powder ;  cakee 
together  and  becoroee  tnuuparent  at  lOO^  C.  l>ecoming  somewhat  turbid  on  cooling, 
and  more  so  aA«r  some  tune;  at  150'^  it  be^ina  to  melt  and  in  converted  into  a 
tenacious  mass  ;  at  180°  an  oily  liquid  begins  to  distil  over ;  at  210'^  the  mass  becomes 
filled  with  vapour-bubbles,  and  at  280°  it  froths  strongly.  Gutta  is  strongly  attacked 
by  ozonised  oxygen  ;  also  bv  strong  hydrochloric  acid,  with  which  it  appears  to  form 
two  compound.s  containing  chlorine.  It  is  insoluble  in  cold  ethep,  but  becomee  soluble 
after  exposnre  to  the  air. 

The  view  just  given  of  the  constitution  of  pitta  perchfi  is  confirmed  by  the  reeult«  of 
its  Ary  distillation.  Grevillc  Williams  (Chem.  Soc.  J.  xv.  124)  finda  that  gutta  is 
decomposed  by  dry  distillation,  essentially  in  the  same  manner  as  caontciiouc,  being 
reeolred,  for  the  most  pnrt,  into  the  polymeric  hydrocarbons,  inoprene.  C*H*,  and 
eaontchin,  C'*H'",  and  heveeae^  which  ip  probably  &L»o  polymeric  with  the  other  two. 
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The  caoutcHn  forma  alwut  20,  the  wopreno  about  6  per  cent,  of  the  erode  dutiUftt^ 
Tb»  distillate  idflO  contains  &  email  quantity  of  water,  which,  isfltaad  of  being  alkaline 
u  with  caoutchonc,  is  Btrongly  add.  and  containa  a  Tol&tile  add,  a|»pam)tly  one  of  tb« 
lower  metmbera  of  the  seriea  C*H*M>^.  On  nevtralising  the  add  luj^idd  with  potash  or 
eoda,  the  odoor  of  a  volatile  baae  becomes  perceptible. 

Afierations  of  Giitta  Ptrcha.  Both  the  ordiiiary  aabstaoce  and  the  pore  guttA 
oljtained  ns  above,  experience,  when  exposed  to  the  air,  espwaally  at  a  tempemture  of 
26°  to  30«»  C.  (77°  to  86°  F.)  and  in  thin  ebeeta  or  threada,  a  peculiar  alteration 
which  takes  place  with  Tarioos  degrees  of  rapidity,  and  completely  depriTce  the 
material  of  its  flexibili^,  tenacity,  and  extensibility,  thereby  rendering  it  qnite  naelen 
for  indostrial  parpoaea;  at  the  same  time  a  pecnliar  pungent  odour  ia  erolred,  which 
communicates  itself  to  water  or  other  liquids  kept  in  Teasels  made  of  the  gutta  perch* 
(Payen),  This  alteration  ia  especially  liable  to  ocenr  in  tropical  climates,  an  ioatance 
of  which  was  experienced  in  th«  CMnatniction  of  the  East  Indian  teLogr^vha.  Enormoua 
qaantitiea  of  gutta  percba  eraployfd  for  this  purpose  became  in  a  oompimlireb  abort 
time  entirely  useless,  invulring  a  loss  of  thousands  of  pound*.  This  nltored  gutta 
perdia  wiu  submitted  for  examination  to  Dr.  Hofmann  (Chem.  8o&  Qn.  J.  ziii  87), 
who  foimd  that  the  change  was  due  to  oxidation.  The  altered  gutta  percha  wm  a  brown 
Vf^ry  brittle  masa,  fhsm  which  cold  alcohol  extracted  a  brittle  sobstanc«  oontaifiing;  oo 
the  .-iTcrage,  62*8  per  cent,  carbon,  93  hydrogen,  and  27*9  oxygen.  From  the  tcddue 
of  this  operation,  boiling  alcohol  {extracted  a  substance  of  similar  phyncal  ehancte^ 
containing  on  the  arerago  677  ptjr  cent,  carbon,  101  hydrogon.  and  22-2  ory- 
gon.  The  residue,  insoluble  both  in  cold  and  in  boiling  alcohol,  was  unchanged  gatta 
perchii,  which  yielded  by  analypiB  88"1  per  cent,  carbon  and  126  hydrogen.  On  the 
oxidation  of  gutta  porcha,  see  also  Adriani  (Chem.  News,  ii.  227,  289,  213 ;  Jahreeb. 
1860,  p.  «fl). 

Itespeeting  the  manufacture  and  uses  of  gutta  percha,  aee  Pirf's  DietUmary  of  Arts, 
Manvfacturcs,  and  Mines,  L  483 ;  also  Payen,  Frieis  de  Ch^nie  indtatrieile,  4me.  ed. 
(1869)  i.  184. 

OTrTAQVZI&l&ZTB.  CH'^O*. — ^A  ftMsil  resin,  said  to  form  an  extenaiTe  deposit 
near  Ouayuqurl  in  South  America.  Jt  yields  easUy  to  the  knife  and  may  be  rubbed  to 
pnwdor.  Specific  gravity  1-092.  Colour  pale  yellow.  Lustre  not  resinous,  or 
imperfectly  so.  Slifrhtly  soluble  in  water  and  largely  in  alcohol,  forming  an  intenaelT 
bitter  yellow  solution.  Begins  to  molt  ut  167°  F.,  bat  doea  not  flow  easily  till 
heated  to  212^  F.  Bpoomes  rigeid  aa  it  cools,  and  may  be  drawn  out  into  fine  thniadc. 
DiAAoIycs  in  cold  nulpburic  acid,  with  dark  reddish  brown  colour.  A  few  drops  of 
ammonia  added  to  the  alcoholic  eolation  darken  the  eolour  and  finaUy  change  it  to  a 
browniah  red.  Contains  76'G65  per  cent.  C,  fl'174  H,  and  16161  0.  (Johnatoo, 
Phil  M.ap.  liii.  329;  D.-ma,  ii.  4G8.) 

GTltOrxXB      Bjn.  Tunth  DEWtYUTB  (p.  812.) 

OTPSina.  Ca'SOVH'O,  or  CaO.SO»  +  H»0.  Sulphate  of  lime.  MahatUr. 
Sdmity.  Satin  tpnr.  SchatiPtkalk,  Plaster  of  Pari*.— This  mineral  occurs  both 
erystaUine  and  massive.  The  cry-strtts  belong  to  the  monodinic  system.  Batio  of  axea 
a  :  A  :  0  «  1-446  :  1 :  0-6976.  luoHnation  of  dinodiagonal  to  priixcipal  axis  »  81°  'iff-, 
+  P  :  +P  in  cHno(liag«:.n«  I  principal  section  =  138°  44';  -P:— Pin  the  same  =  148*'28'; 
oeP  :  QoP  in  the  same  =  68°  46 .  Ordinary  combinations  ocP  .  [  ooPoo  ]  .  +P  .  -P 
{fig.  301,  p.  156)  and  »P  .  [  ooPoo  ]  -  ~P  (>^.  302).  Twina  like  figure  333  (p.  162). 
Cleavage  very  di.<?tinct,  parallel  to  [  ooPoo  ).     {Kopp's  Krystallographif,  p.  306.) 

Hnrdness  =  1-6.  Specific  gravity  =  2314 — 2-328.  Lustre  of  [  wPao  ]  pearly  and 
shining ;  of  the  other  faces  em l>- vitreous.  Massive  varieties  often  glistening,  sometimes 
dull,  earthy.  Colour  ufiually  white,  sometimos  grey,  flesh-red,  honej-yi^ow,  odbr»- 
yoUow,  blue;  impure  varietjps  often  black,  brown,  red  or  reddish-bnjwn.  Streak 
white.  Transpai-ent  iu  various  degrees  down  to  perfect  opacity.  The  tnuupai«nt 
viu-ieties  are  called  Selenitt  ;  the  3ae  massive  varieties,  Alahaitcr  ;  the  fibrana.  Satin 
spar.     Schanmkctlk  is  a  variety  in  small  scales  having  a  pearly  lustre. 

Oypsum  contains  46-61  per  cent.  80",  32  56  CaO,  and  2093  water;  o?  fi4-56  SO*, 
24-61  Ca,  and  20-93  water.  In  the  gypsum  of  the  volcano  of  Albay,  island  of  Luaon, 
Do  la  Trobe  found  6-43  per  eentn  silica. 

Before  the  blowpipe  gypsum  becom'>s  white,  exfoliates,  and  fiilla  to  powder.  At  a 
y<>ry  high  temperature  it  melts  with  difficulty  to  a  white  enameL  The  white  powder 
obtiiin«^  by  heat  hardens  to  a  compact  solid  when  moistened.  Gypsum  diaolvee  in 
400—600  pt».  water. 

Oj'psum  often  forms  extensiye  beds  in  secondary  countries,  and  ia  also  found  ia 
tertiary  and  recent  deposits,  occasionaDy  in  cry.Mtallino  ro.is.  It  is  also  a  product  of 
volcanoes,  occurring  about  famaroles  or  where  etilphur-gnsc^  ore  escaping,  beingfbnned 
born  the  aulpboiic  acid  generated  therefrom,  and  the  lime  a£forded  by  the  decompoang 
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l«vM,  Hm«  being  contaiIll^cl  id  augitP  and  Iflbradorite.  Oypmm  u  alao  prodnwd  by 
tlm  decompoaition  of  pjTit«8  when  lime  i»  preMnt,  nnd  often  ftboot  ralphar-«pring» 
wb*"™  (lolphydric  a<?id  is  emitted,  thi«  gas  enangin;?,  thronph  rpaction  with  vegetable 
matter,  into  Bulphuric  acid-  Oypsam  is  aim  deposited  on  the  eraporation  of  ani-water 
tod  brines. 

Fine  oppcinienB  of  i»elpnii<?  ar«  found  in  the  Balt-minp*  of  B*i  in  Switzerland,  at 
Hnll  in  the  Tp^ol,  in  the  sulphur  minrs  of  Sicily,  in  the  gypsam -formation  nrar  O^iuEUI 
In  Spoin,  in  the  clay  of  Shotover  HiU  near  Oxford  ;  large  lenticular  orj'<5tala  arc  foBod 
at  Montm&rtre  near  Paris.  Alabastar  occurs  at  Castolino,  36  miles  fW>m  LeghotiL. 
Fibrous  gypeum  occura  in  Cheflhire  and  Derbyahire,  in  the  red-Mndstone  n«kr  Moflfat, 
in  tiie  Fortli  river,  near  Belfutt  Ac  Scaly  foliated  ^ypeum  ( Sckavmkaik)  ocexm  with 
■elenite  at  Montmartre.  Gypmim  occurs  in  extenaiTO  beda  in  serenil  stfttw  of  North 
ilmerica,  particularly  ira  New  York,  Ohio,  lilinoia,  Tennessee,  and  Arkansas,  and  ia 
emially  aasodated  with  salt-springs.     Gypsum  occurs  alter«d  to  calorpar. 

Planter  of  Paris,  or  g^l^um,  hen  ted  nnd  ground  up,  is  used  for  making  moulds^ 
taking  caats  of  atataefl,  medals,  Sk.,  and  for  producing  a  hard  finish  on  walls;  also 
in  the  manufacture  of  artificial  marble,  as  the  scagliok  tables  of  Leghorn,  and  in  the 
glazing  of  porcekin.  Alabaster  is  used  for  making  statuf«  and  TaM«.  Fibrous  gyp- 
Butn,  whr'n  eut  fu  cabwhon  and  polished,  forms  an  artificial  gem  resembling  cat'a-eye. 
(Dana,  ii.  379.) 

GTKO&r^  or  aUBOUTS*  A  mineral  closely  related  to  apophyllite.  It  oceuis 
in  spherical  concretions  having  a  lamellar  radiate  structure,  white  and  pwirly.  Hard- 
ness —  3  to  4.  Before  the  blowpipeand  with  acids  it  U-haTf*  ]ik»'  apophyllife.  Analv«8 
gave  60-70  per  cent.  SiO',  1-4H  A]-0».  3324  CaO.  0*18  MgO  and  1418  water,  ajjfree- 
ing  approximately  with  the  formula  3C2Cft0.8SiO«).flH*0.  or  3(C»»SiO*.2SiO«),8H»0. 
(Anderson,  Phil.  Mag.  [4]  i.  101.) 

GWOPBOXZO  AGXD.  (Stenhouso,  Phi L  Trans.  1849.  D.S93;  Jahrcsb.  f. 
Chein.  1849,  p.  458.) — An  aoid  obtaintni  from  two  lichens,  Gyrf»pkora  puttutata  and 
Leca7u>Ta  tartnrea,  which  are  ctjllerted  abundantly  in  Norway  for  the  manufiuture  of 
archil.  To  prepare  the  acid,  the  lichen  is  m»c-enite«l  with  milk  of  lime ;  the  strained  liquid 
is  treated  with  hydrochloric  acid  ;  and  the  resulting  red-brown  gelatinous  precipitate,  after 
wnnhing  und  drying,  is  heated  nearly  to  boiling  with  weak  alcohol,  to  remove  a  green 
resin,  then  with  animal  charcoal  and  strung  alcohol,  which  leaves  undissolved  a  brown 
bumus-ltke  substance.  The  filtered  solution  deporits  gyrophoric  acid  in  drystala,  whieli 
may  be  puriAed  by  repeated  crystallisation  from  alcohol,  with  help  of  animal  charcoal. 

Gyrophoric  acid  forma  small,  soft,  colourlew  crj-stals  having  neither  taste  nor  smell. 
It  is  nearly  insoluble  in  watrr,  even  at  the  boiling  heat,  very  slightly  soluble  in  rthrr 
and  in  cold  eicohol,  more  soluble  in  boiling  alcohol  It  is  a  very  weak  add ;  its  solu- 
tions do  not  redden  litmus,  nnd  the  addition  of  the  smallest  quantitf  of  potash  or  am- 
monia gives  them  an  alkaline  reaction.  It  is  nearly  insoluble  in  ammonto,  dissolves  in 
ezoeaa  otpoieuk  or  baryta-ioater,  and  is  precipitated  unaltered  by  acids. 

By  boihng  with  excess  of  potash  or  ban/ta-water,  it  is  resolved  into  cai-bonic  acid  and 
orcin  ;  but  when  boiled  witli  a  very  emaJl  quantity  of  an  alkali,  it  is  converted  into  an 
acid  of  intermediate  composition,  soluble  in  water,  having  a  distinct  acid  reaction,  and 
differing  from  gyrophoric  add  in  crystalline  form.  Gyrophoric  add  is  reddcoed.  b^ 
cMondc  of  lime.  \Vhen  exposed  to  the  air  in  contact  with  escem  of  omfiumia,  it  u 
slowly  oonverred  into  a  purple  substance.  Boiled  for  some  time  with  fltroog  aieohol,  it 
yiddiB  (beeidea  orcin  and  a  remn)  a  product  having  the  chnmcters  and  oompositioo 
of  omellate  of  ethyl,  C'"H'*0^  (j.  v). — With  wood-spirit,  it  yields  tha  coirospondiiv 
mvtljy] -ether. 

Stenhonae  asriguB  to  gyropborie  add  the  formula  Cfi"©'*.  Gerhardt  (7Vat4^ 
iii.  818)  feparded  it  as  identical,  either  with  lec&noric  add,  C"H'*0',  or  witb  evemie 
add.  C'-H'*0',  to  the  latter  of  which  it  ccrtninly  appNHdmates  closely  (analysie*  60-81, 
6 1  16,  and  61  12  per  cent,  carbon,  4-90. 6-20  aitd  5-0  bydrogeo ;  calculation  for  C'^fl'*0', 
01-44  C,  4  8-2  H,  and  3374  O^ 

OTROTKOPB.  A  name  applied  to  vnriotw  conrrivnneeji  tor  iwewing  the  direction 
of  an  eketrie  current,  converting  a  continuous  ijilo  an  interrupted  current,  eepomtiog 
the  two  curreuta  of  an  induction-coil,  &c. 

OTTO£.  A  pfouliar  mud,  mixed  with  organic  matter,  found  at  the  end  of  fbe 
fiandoflond  in  Norway.  After  drying  at  100''  C.  it  eontaina  16'29  per  cunt,  ntalttr 
solnble  in  water  and  liydroi-hloric  add.  992  watfr  and  orpiiic  mutter,  and  7380  «aod 
and  deconipoficd  clay,    (A.  and  U.  Strecker,  Ann.  Ch.  rluu-m.  acT.  177.) 


392 


This  hook  is  thepropt,    . 
COOPER  MEDICAL  COLL..U.., 

S^N  FRANCISCO.  OAL. 
oinf  is  not  to  /„,  vhiot-'d  from  the 

ADDENDA. 


COVXmL    The  following  new  observutionB  on  this  a]kalo7d  haxe  been  made  hj 

Th.  Wertheim  (Ann.  CL  Pharm.  cxxiii.  167 ;  K^p.  Chim.  pure,  1863,  p.  45j: 

The  Conine  was  prepared  from  freah  hemlock  seeds  (p.  2),  and  rectitied  seTeral  time* 
in  a  cnrrent  of  hydrogen.  It  was  perfectly  limpid  and  colourless,  or  very  Rightly 
coloured.  It  remained  unaltered  for  months,  and  oonld  even  be  distilled  in  an  oil-bath 
in  contact  with  the  air.  It  boiled  at  163*6^  C.  under  a  barometric  pressure  of  739  mm. 
Conine  does  not  dissolve  a  trace  of  chloride  of  calcium,  which  may  therefore  be  used  to 
dry  it 

iksoooBliydrlae.  C"H**N*0*, — ^Nitrons  anhydride  passed  into  pure  conine  is 
aT)sorlrt>d  in  large  quantity,  and  after  the  excess  has  been  expelled  by  a  current  of  car- 
bonic anhydride  at  30°  or  40°  C,  a  molecule  of  conine,  C!*H"N,  is  found  to  have  absorbed 
exactly  one  molecule  of  nitrous  anhydride.  Water  extracts  nitric  acid  from  the  pro- 
duct ;  and  if  the  remainder  be  washed  several  times  with  water,  then  with  dilute 
carI)onat6  of  sodium,  dilute  hydrochloric  acid,  and  again  with  water,  it  leaves  a  yellow 
oil,  rather  lighter  than  water,  having  an  aromatic  odour  and  burning  taste,  and  without 
action  on  vegetable  colours. 

This  substance  is  azoconhydrine.  Its  composition  is  most  simply  expressed  by  the 
formtila  C*H'*N'0,  which  is  that  of  conine  -i-  H  ••■  N  +  O.  The  nitrous  anhydride 
probably  unites  in  the  first  instance  directly  with  the  conine,  forming  the  compound 
C*H'*N.N^*,  which  is  subsequently  decomposed  by  the  water,  yielding  nitric  add  and 
azoconhydrine : 

C«H>«N.N»0»  +  H»0    =   C«H'«NK)  +  HNO". 

Ordinary  commercial  conine  treated  as  above  does  not  yield  azoconhydrine,  a  violent 
decomposition  taking  place  after  a  certain  amount  of  nitrous  gas  has  been  absorbed. 
This  effect  perhaps  arises  from  the  presence  of  methyl-conine  (p.  6). 

The  formula  of  azoconhydrine,  CH'*N''0,  may  be  derived  from  that  of  conhydrine, 
C»H"NO,  by  the  substitution  of  1  at.  N  for  1  at  H ;  but  its  vapour-density,  22-2o 
(obs.),  show  that  this  formula  must  be  quadrupled,  making  it  C"H**N*0*,  which  for  a 
condensation  to  2  volumes,  gives  as  the  calculated  density,  the  number  21*62. 

Azoconhydrine  is  as  poisonous  as  conine,  but  appears  to  act  more  slowly.  It  is  in- 
soluble in  water,  soluble  in  alcohol  and  ether,  and  cbssolves  without  alteration  in  strong 
hydrochloric  and  sulphuric  acids,  whence  it  is  precipitated  unchanged  bj  water. 
Ammonia  and  the  fixed  alkalis  neither  dissolve  nor  decompose  it,  even  with  Uie  aid  oi 
heat.  When  heated  above  200*^  C.  it  decomposes,  giving  off  strongly  alkaline  vapours, 
which  have  the  odour  of  conine. 

Dry  hydrochloric  acid  gas  converts  azoconhydrine  intohydrochlorate  of  conine, 
eliminating  at  the  same  time  a  gas  which  contains  1  vol.  nitrogen  to  2  vols,  nitric 
oxide: 

C«H"N»0«  +  4Ha  =  4(C»H"N.Ha)  +  N«  +  2N0  +  2H»0. 
The  same  gas  passed  into  a  solution  of  azoconhydrine  in  anhydrous  ether,  forms  a 
maigma  of   white  shining  crystals,   apparently  consisting  of    hydrochlorate  of 
ethyl-conine,  resulting  fix)m  the  intervention  of  the  etlier. 

Conylene.    C»H'*. — This  compound  is  {mxluced  by  the  action   of  phosphoric 

anhydride  on  azoconhydrine.     When  the  latter  substance  u  heated  to  80**  or  90°  C, 

with  excess  of  phopphoric  anhydride,  poimded  glass  being  added  to  moderate  the  action, 

nitrogen  gas  is  rapidly  evolved,  and  conyleno  distils  over  m  the  form  of  a  yellowish  oil: 

C«H"N»0«    =    4CH'*  +  4H»0  +  4N«. 

Conylene  is  a  yellowish  oil,  having  apnngent  disagreeable  odoor,  of  specific  gravity 
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d*7007  at  18°  C^  insolable  in  water,  nolublo  in  alcobol  and  eth«>,  boiling  at  120°  nader 
a  presstire  of  738  mm.    YapomMlemtity,  cibB.  m  3*80';  calc.  (2  vola.)  *  3*66. 

Bromine  unites  enetgetically  with  conylene,  forming  a  product  containing  more  tbao 
2  at  bromine.  Dibromide  of  conylene,  C*H'*Br',  is  obtained  by  ^doally  adding 
alcoholic  bromine  to  a  well-cooled  alcoholic  solntion  of  conylene  till  the  mixture 
retains  a  faint  yellow  colour  after  agitation,  precipitating  with  water,  washing  with 
dilute  potash  and  then  with  water,  dissolving  in  ether,  drying  the  mixture  with 
chloride  of  calcium,  and  expelling  the  ether  by  evaporation  in  vacuo.  It  is  a  liquid  of 
specific  gravity  1-5679  at  16*25°  C.,  having  a  disagreeable  odour,  somewhat  like  that  of 
mustard,  insoluble  in  water,  soluble  in  ucohol  and  ether.  Treated  with  pulverised 
hydrate  of  potassium  it  yields  a  liquid  which,  after  two  rectifications  in  a  current  of 
h;)rdrogen,  is  perfectly  colourless,  lighter  than  water,  and  has  very  nearly  the  compo- 
sition of  oxide  of  conylene,  C*H'*0. 

Conhy  dri  ne,  C*H"m),  is  perluu»  a  compound  of  oxide  of  conylene  with  ammonia; 

and  conine,  ^    „  '  >N,  might  perhaps  be  produced  by  the  action  of  ammonia  on 

bromide  of  conylene. 

CSOTOVT&BVB.  C<H*.  (R  Caventou,  Ann.  Cb.  Pharm.  cxxrii.  347.>-A 
hydrocarbon,  homologous  with  allylene,  C*H*,  related  to  crotonic  acid,  C*H*CH,  m  the 
same  manner  as  ethylidene,  CH*,  to  acetic  acid,  and  to  tctrylene,  C*H*,  in  the  same 
manner  as  acetylene  to  ethylene.  It  is  produced  by  the  action  of  ethylate  of  sodium 
on  bromotetrylene,  the  reaction  being  precisely  analogous  to  that  by  which  Sawitseh 
obtained  allylene  from  bromotritylene,  (L  1112): 

C«H»Br  +  CH»NaO  -  NaBr  +  CH'O  +  C^H*. 

Crotonylene  is  liquid  below  16°  C,  but  volatilises  very  quickly  if  not  surroundM  by 
ice.  It  has  a  veiy  tStroTut,  slightly  aiUiaceous  odour,  boils  at  about  18°  C,  and  dixtils 
between  18°  and  24°.    Vapour-density,  obe.  -=  1-936  ;  calc.  (2  vols.)  -  1-868. 

It  unites  very  energeticdly  with  bromine.  When  bromine  is  dropt  into  crotonylene 
cooled br  a  freraing  mixture,  dibromide  of  crotonylene,  C*H*Br',  is  obtainrd,  as 
a  liquid  heavier  than  -water,  distilling  between  148*^  and  158*'  C.  with  evolution  of 
hydrobromic  add,  and  leaving  a  residue  of  charcoal. — This  liquid  left  for  some  days  in 
contact  with  excess  of  bromine  is  converted  into  thetetrabromide,  C*H*Br*,  acrystal-* 
line  compound  isomeric  with  dibromide  of  dibromotetrylene,  C*H*Br'JBr*,  which  it  also 
much  resembles ;  but  the  latter  distils  undecompoecd  between  148°  and  158°C.,  at  which 
temperature,  as  already  observed,  the  bromide  of  crotonylene  is  partly  decomposed ; 
moreover  dibromide  of  dibtomotetiylene  does  not  volatUiBe  at  ordinary  temperatures^ 
even  when  kept  for  months  in  an  open  dish  ;  and  the  same  is  the  case  with  the  isomeric 
compound  obtained  by  passing  the  Tupows  resulting  from  the  decomposition  of  am^lie 
alcohol-vapour  at  a  red  heat,  into  bromine ;  but  dibromide  of  crotonylene  volatilisos 
completely  under  these  circumstances  in  lU  or  12  days. 

BZ&xnraUC  ACZS.  CH'NK)*.— This  acid,  discovered  by  Schlieper  (p.  -330), 
has  lately  been  more  fiilly  investigated  by  Baey  er  (Ann.  Ch.  Poarm.  cxxvii.  211 ),  who 
obtains  it  by  the  action  of  nitric  add  on  hydurilic  acid.  Hydurilic  add  di»solves  in 
nitric  add  of  ordinary  strength,  with  copious  evolution  of  nitrous  vapourH,  forming  a 

E'low  solution-  As  soon  as  the  evolution  of  pas  has  ceased,  and  a  sample  of  the 
lid  forms  with  ammonia,  no  longer  a  reddish  but  a  white  prcdpitate,  the  liquid  is 
to  itself,  and  on  cooling,  solidifies  to  a  mass  of  crystallmo  laminae,  which  when 
pressed  and  rncryBtalliscd  from  a  small  quantity  of  hot  water,  yield  pure  dilituric  at-id. 
The  mother-liquor  retains  alloxan,  topether  \dth  a  8maU  quantity  of  dilituric  acid, 
which  may  be  obtained  by  precipitation  with  ammonia  or  ferrouf  fiulphntc.  Tho 
reaction  takes  place  in  two  statre^,  violiiric  acid  being  formed  in  the  first  instance,  and 
afterwards  converted  into  dilituric  acid : 

C«H»N'0«   +   ILNO»  =   C'H^NK)*  +   Cn-N'O*  +   H=0. 

Hjraurilk-  aiul.  VIoliirii  acid.  Alloxan. 

C«n»N^O«   +   HNO*  =  C«n»N»0»  +   HNO». 

Violiiric  acid.  Dilituric  arid. 

Schlieper  oVituincd  dilituric  acid  by  boilinc  alloxantin  with  hydrochloric  acid  and 
treatinjj;  the  resulting  crystals  with  nitric  ai-id  (p.  331).  It  was  probably  formed  in 
this  case  by  tlio  action  of  the  nitric  acid  on  iivdurihito  of  ammonium  resxdting from  tho 
action  of  the  hydrochloric  acid  on  dialuric  acid  (p.  316),  contained  in  the  alloxantin. 
(See  IItdpkilic  ACin.) 

Dilituric  aci<l  crystallises  in  colourlegs  quadratic  prisms  and  laminap,  containing 
6  at.  water  (C'H»N'0*.CH=0).  The  crjstals  effloresce  when  exposed  to  the  nir,  and 
dissolve  easily  in  hot,  more  slowly  in  cold  water,  forming  a  deep  yellow  .solution.  It 
is  less  soluble  in  alcohol,  insoluble  in  ether.  When  heated  it  decomposes,  with 
evolution  of  nitrous  vapour^,  and  leaves  a  brown  red  mass. 
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DQitarie  add  is  easily  reoo^nised  by  the  deep  yeUow  oolonr  with  whieb  it  disMlTea 
in  water,  and  mare  eeiMcially  in  dilate  potash:  also  by  finming  a  white  predpitata  wiUi 
mmmonium-salts,  a  white  precipitate  oompoeed  of  needle-shaped  czystals  with  ferrous 
nttphate,  and  a  lemon-yellow  precipitate  with  acetate  of  aUver. 

Dilitoric  add  exhibits  the  characters  of  a  nitro-oomponnd :  when  heated  with 
hypochlorite  of  caleium,  it  yields  considerable  quantities  of  ehloropicrin  (i  923); 
some  of  its  salts  e]^lode  violently  when  heated ;  and  its  amount  of  nitrogen  cannot  be 
determined  by  ^fiition  with  sodft-lime. — ^When  bronafne  is  added  to  dilitnric  add 
suspended  in  cold  water,  a  Te^  loosely  combined  compound  is  formed,  which  may  be 
separated  from  the  aqueous  solution  m  ether,  and  is  so  unstable,  that  a  few  drops  of 
bcmzene  separate  the  whole  of  the  mlituric  add  from  the  ethereal  solution  in  it* 
ori^al  state,  biomobenzene  being  probably  formed  at  the  same  time.  But  when 
dilituric  add  is  heated  to  100°  0.  with  bromine  and  a  small  quantity  of  water  in  a 
sealed  tube,  it  is  resolved  into  nitric  add  and  bromalloxan,  the  compound  NCKBr 
being  probably  formed  in  the  first  instancCi  and  afterwards  converted  into  nitric  add : 

C«H»N»0»    +    Br*     -     C«H»N»Br»0»    +    NO»Br   +    HBr. 
Dilituric  acid.  Bronuillozan. 

Hydriodio  acid  reduces  dilitnric  add  to  uramil : 

C*H»N»0»  +  em  -  C*H»NK)«  +  2H«0  +  3P. 

^  This  reaction  and  the  preceding  are  analogous  to  those  exhibited  under  similar 

drcumstanoes  by  violuric  add  (a.  v.y    In  fact,  these  two  adds  differ  only  by  1  at. 

or^gen,  and  the  formation  of  dilitonc  add  from  violuiic  add  (p.  966)  is  simply  the 

conversion  of  a  nitroso-compound  into  a  nitzo-compound: 

C*H»(NO)N«0«  +  0    -    C«H»(N0»)N'O« 
Violuric  add.  Dilituric  acid. 

Dilitnrie  and  violuric  adds  mixed  in  hot  concentrated  solution  unite  and  form 
violantin,  CH'NH)*,  a  very  unstable  compound,  which  is  partly  resolved  into  its 
component  adds  when  reoystallised  from  water. 

Diliturates. — Dilituric  add  is  tribasic,  but  it  is  especially  inclined  to  form  salts 
containing  only  one  atom  of  metaL  Of  these  add  salts  the  sodium-salt  is  the  moet 
'8<^uble,  the  others  being  sparingly  soluble  or  insoluble.  The  diliturates  have  a  white 
or  ydlow  colour,  and  are  remarkably  stable,  the  add  not  being  separated  from  them  by 
mineral  adds. 

DiiitturaU  of  Ammonium,  C*H»(NH*)NK)*,  is  formed  as  a  white  crystalline  pre- 
dpitate  on  mixing  dilituric  add  with' ammonia  or  an  ammonium-salt;  from  very 
dilute  solutions  it  separates  in  concentrically  grouped  prisms.  It  is  very  slightlv 
soluble  in  cold,  somewhat  more  in  hot  water,  and  crystallises  therefrom  in  small 
crystals  and  shining  laminae.  It  is  not  altered  by  ammonia  or  by  nitric  add;  in  strong 
sulphuric  acid  it  mssolves  without  decomposition,  and  is  precipitated  therefrom  by 
water.  Dilute  potash  dissolves  it,  with  evolution  of  ammonia,  forming  a  deep  yellow 
liquid  containing  dipotasdc  dialuiate;  strong  polash-solution  colours  it  yellow  without 
dissolving  it     When  heated  it  bums  away  with  deflagration. 

Diliturate  of  Barium  separates  on  mixing  dilituric  add  with  acetate  of  barium,  in 
slender  needles,  which  are  decomposed  by  soluble  sulphates,  but  not  by  free  sulphuric 
add.  Chloride  of  barium  converts  this  salt  into  a  double  salt,  C»HiBa"N«0»».Ba"a*. 
4H'0,  which  may  also  be  obtained  in  beautiful  heavy  crystals  resemQing  twin-ci^'stala 
of  gypsum,  on  mixing  a  hot  solution  of  dilituric  add  with  chloride  of  barium.  The 
ezyutals  give  off  their  water  at  liO"  C. 

Diliturate  of  Calcium,  C'H*CaTN'*0",  obtained  by  precipitating  acetate  of  calcium 
with  dilituric  add,  forms  slender  white  needles  containing  4  at  water,  half  of  which 
they  give  off  at  140*»C. 

Diliturate  of  Copper,  C«H«Cu*N«0'M2H»0,  is  obtained  by  mixing  dilituric  acid  with 
a  soluble  copper-salt  as  a  white  predpitate  composed  of  slender  n^dles  with  greenish 
iridescence.    It  gives  off  its  water  at  100°  C.  and  explodes  at  a  higher  temperature. 

Diiiturates  of  Iron.     The  ferric  salt  C'»H*Fe'^»0'*,  or  C«HVeN»0»,  is  precipitated 
on  adding  dilituric  acid  to  a  solution  of  ferric  chloride,  in  small,  light  yellow  needles, 
nearly  insoluble  in  cold,  sparingly  soluble  in  hot  water.     Between  1 10°  and  120*>  C.  it 
gives  off  its  water  and  assumes  a  brick-red  colour,  and  at  a  stronger  heat  it  explodes. 
Theferroue  salt,  C»H*Fe"N«0'M6H«0,  is  formed  on  mixing  dilituric  add  with  ferroua 
sulphate,  as  a  white  precipitate  consisting  of  slender  needles,  and  having  a  feint 
streak  of  green.    It  is  very  speringly  soluble  in  water,  and  is  not  decomposed  by  dilute 
sulphuric  acid.    At  120°  C.  it  gives  off  6  at  water,  becoming  dark  brown,  and  at  a 
higher  temperature  it  deflagrates.     It  also  graduaUy  loses  its  water  when  left  over  sul- 
phuric acid,  but  quickly  recovers  it  on  exposure  to  moist  air. 
Diliturate  of  Lead  in  a  yellowish  white  precipitate. 
DUituratee  of  Potamum.—Thn  monopotaseic  salt,  C*fl'KN*0*,  is  obtained  as  • 
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white  cmtnUiJie  credpitute  on  adding  hTdrocUoric  add  to  a  BoloUon  of  diUtaric  add 
in  potash.  It  is  slso  formed  on  mixtDgdilitunc  add  with  tha  aolutton  of  aaj  potaMium- 
■alt,  separatiiig  espedally  from  dUata  solutions  in  larige  oubwi,  which  howercr  do  not 
mppear  to  belong  to  the  regular  8jst«m.  It  is  nearly  insolaLle  in  cold  water,  sp&ringly 
■omble  in  hot  water,  and  contains  no  water  of  crystallisation. 

The  dipotattio  Bali,  C»HK-N*0*,  which  wa«  examined  by  Schliepor,  sepaxHtes  in 
■pherieal  groups  of  beautiful  yellow  needles  on  adding  alcohol  to  the  hotlemon-yeUow 
solution  of  dilituric  add  or  of  the  ammonium-adit  in  tx)tash>ley.  It  is  insoluble  in 
nlrohol  and  in  strong  potash-ley;  water  deeompoaes  it  partially,  abstraeting  potaiih  and 
converting  it  into  the  monopotaasic-flalt.  When  heated  to  a  cnrtain  temperature,  it 
decomposes,  as  obeerred  by  Schliep«ir,  with  slight  detonation,  and  is  resolred  into 
cyooale  of  potassium,  carbonic  anhydride,  and  probably  cyanic  acid  ; 
C«HK«N*0*    -     2CNK0   ■»-   CNHO   +   CO'. 

It  likewise  explodes  when  moistened  with  strong  sulphuric  add.  The  solution  of  tliis 
nit  nndpitates  ferrous  and  cupric  sulpbatea,  but  the  precipitatei  consist^  not  of  dt> 
metaDic  salts,  but  of  mixtures  of  the  add  potasdum-aolt  with  an  add  dilitnrate  of  iron 
oreopper. 

JhlHurat«*  of  SUotr.—The  motumrgmite  mU,  C^F*ilgNH)*.2H*0.  is  obtutned  by 
adding  dilituric  odd  to  nitrate  of  silver,  and  separates  from  somewhat  dilute  solutions 
in  well-dereloped  prtams.— When  dilituric  add  is  added  to  a  warm  solution  of  nc^late 
ti  silver,  a  yellov  predpit»te  of  triargentic  salt  is  flret  formed :  but  this  diseolTM  in 
cxeeHS  of  dilituric  acid,  and  sm  the  iMilulion  cools,  the  add  salt  oystallises  in  eolourieiw 
needles.  It  is  sparingly  soluble  ia  cold,  moderately  soluble  in  hot  water.  Wliea 
heated  it  turns  yellow  and  decompoees  witli  explosion. 

The  trinrgmtic  »aU,  C*Ag*N*0*,  is  produced  on  mixing  dilituric  acid  with  excess  of 
»  hot  solution  of  acetate  of  ailrer,  ■■  a  lemon-yellow  predpitate  compoMd  of  needles, 
anhydrous  and  sparingly  soluble  in  water.  It  ex{^odee  somewhat  violently  when 
heated,  but  not  by  percussion. 

Bdituratf  of  Sodium,  C^H^NaKK)*,  is  most  easOy  Drepared  by  mixing  the  hot  con- 
eentnted  solutions  of  dilituric  add  and  acetate  of  sooinm,  and  crystallises  on  cooling 
in  loQg,  colourlt«a,  silky  neodlee,  forming  an  interlaced  maaa  when  dry.  It  may  also  bs 
obtained  by  decomposing  the  barium-salt  with  sulphate  of  sodium.  It  diifsolyes  easil} 
in  water,  and  elHoreeces  when  left  over  oil  of  vitriol  It  appears  to  contain  4  at  water 
of  eiystalliaation. 

aai  Tg»Q»«Aa  H  IXm  (p.  604).— The  following  method  of  preparing  this  snh- 
stoBce  is  pivt:n  by  V.  de  Luynes  (CompL  rend.  Ivi.  803).  Erythnc  add  (p.  602) 
crashed  and  drained  is  mixed  with  a  qnanUtjr  of  milk  of  lime  somewhat  lem  than  suffl* 
neat  Xst  decompose  it  completely,  and  hG&tod  for  about  two  hoars  to  160^  C.  in  a  dnsed 
iron  vessel :.  the  exdusion  of  the  air  during  the  reaction  prevents  the  formation  of  a 
IsT^  quantity  of  resinous  matter.  The  liquid,  filtered  to  separate  carbonate  of  calamn, 
and  evaponited  at  a  gentle  heat,  deposits  ordn  in  fine  crystals;  and  the  mother-liquors 
yield  by  further  evaporation  a  crystalline  mass  of  ordn  and  eiythromannite,  from 
which  the  former  may  be  dissolved  out  by  ether. 

Erythromannite  cxhibitB  in  a  high  degree  the  phenomenon  of  turfutioti,  that  is  to 
■ay,  it  n'maios  liquid  when  cooled  a  considnrnblo  ntimlx-r  of  degrees  below  its  melting 
point.    Heated  with  potash  to  240^  C.  it  is  resolved  into  oxalic  acid  and  hydrogen  : 
C?H'»0«  +  4H'0     -     aC»H»0*  +  7H». 

The  aqxieoas  eolation  of  erythromannite  in  contact  with  platinum-blsd^,  absorbs 
oxygen  so  rapidly  that  the  mass  becomes  incandeaoeot;  with  a  dilute  aolution,  the  action 
is  less  violent  and  yields  an  add. 

The  iodide  of  tetiyl  formed  by  the  action  of  hydriodie  add  on  erythroihannito 
(p.  606)  acts  stronfily  on  Mt-etate  of  silver,  yielding  tetiylane  and  acetate  oif  tetrvL  The 
latter  when  decomposed  by  potash  yields  tetrylic  alcohol,  identical  with  that  obtained 
from  tetrylcne,  not  with  that  produced  by  fermentation  (De  Luynes).  (See  Tbtktuc 

Al -COBOL.) 

XTBT^  XODXDB  or  (p.  633). — Hessts.  Bisth  andBeilstein  (Ann.  Oh. 
Fhann.  cxxvi.  260)  prepare  this  compound  by  introducing  into  a  flask  10  pta^  of  amor> 
phons  phosphorusi  60  pta.  alcohol  of  90  per  cent,  and  100  pts.  iodine,  leaving  ths 
mixture  to  itself  for  24  boors,  and  then  distilling.  The  dLstilkte  thus  obtained  is  but 
aUgfatly  oontAminatcd  with  free  iodine,  and  yields  very  nearly  the  theoretical  quantity 
of  iodide  of  cthyL 

ETHn,  PB0T08Xnc>»Bn>B  or  (p.  646).— This  compound,  bmted  with 
ftiming  nitric  acid,  dissolT<s,  with  evolution  of  red  vnpours,  but  without  forming  a  trace 
of  mlphttrie  acid ;  and  the  solution  evaponited  nearly  to  a  symp^  solidifies  on  cooling 
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u>  a  crystalline  maH^  consisting  of  diethyUulphone  OH'*S0' (analogous  to  ml* 
phobenzide  C''^H'*80*).  This  componnd  erystalliBes  easily  from  water  or  alcohol,  in 
ihin,  ooloorless,  tabular  crystals  aeveral  inches  long;  melts  at  70*'  C. ;  boils  at  248°;  offen 
great  resistance  to  the  action  of  oxidising  substances.  It  may  be  distilled  unaltered 
from  filming  nitric  acid.    Nascent  hydrogen  reduces  it  to  prott^phide  of  ethyL 

With  nitric  add  of  specific  gravity  1-2,  a  different  action  takes  place,  the  sulphide 
diiisolring  easily  at  ordinary  temperatures,  without  much  erolntion  of  gas,  and  losing 
its  penetrating  odour,  ^le  product  formed  appears  to  be  analogous  in  composition  to 
nitrate  of  tellurethyL  The  solution  gently  heated  vnih/erricifaHide  of  potassium  and 
free  alkali,  yields  on  cooliog  crystals  which  appear  to  consist  of  diethylsulphone. — The 
same  solution  reduces  ehromaU  of  potassium,  the  liquid  on  cooling  depositing  rhombic 
tables,  the  composition  of  which  has  not  yet  been  determined. — Ferric  ekUmde  added 
to  the  nitric  acid  solution  produces  an  abimdant  separation  of  oilv  drops  ^riiieh 
solidify  in  the  crystalline  txm.  on  cooling,  and  probably  consist  of  dichloride  of 
sulphethy  1  ((7H*)%C1*,  analogous  to  di(£loiide  of  selenethyL  (A.  v.  Oefele,  Ann. 
Ch.  Pharm.  czxriL  870.) 

aTBT&BVa,  ZOBOCB&OBZBB  OV.  C^*C1L  ^-This  compound,  described  a< 
pi  679,  as  obtained  by  the  action  of  chloride  of  iodine  on  iodide  of  ethylene,  is  likewise 
produced  by  the  action  of  chloride  of  iodine  on  ethylene-gas,  namely  by  passing  this 
gas  through  an  aqueous  solution  of  chloride  of  iodine,  washing  the  red  oil  which  falh*  to 
the  bottom  with  caustic  potash,  and  distilling.  That  which  passes  over  aboye  145°  C. 
is  iodochloride  of  ethylene. 

This  compound  has  a  density  of  2*161.  H^ted  with  alcoholic  potash,  it  yieldb 
iodide  of  potassium,  and  g^yes  off  a  gas  burning  with  a  green-edged  flame,  probably 
chlorethylene,  C?H«CL 

Tritylene  obtained  from  glycerin  yields  in  like  manner  iodochloride  of  tritylene. 
(Maxwell  Simpson,  Froc.  Koy.  Soc.  xiL  278  ;  B^.  Chim.  pure,  1863,  p.  600.) 

maavrxc  AOXD.  C'H'K)*.  (Scheuch,  Ann.  CL  Pharm.  cxxy.  14.>-^Aji 
add  obtained  by  the  action  of  carbonic  anhydride  on  engenate  of  sodium : 

C'«H"NaO»     +     C0«        -         C'>H"NaO«. 

Eugenate  of  E  ug«ute  of 

•odium.  lodium. 

Sodium  is  dissolyed  in  eugenic  add  contained  in  a  retort  through  which  a  current  of 
carbonic  anhydride  is  passing,  the  action  being  assisted  towards  the  end  by  a  gentle 
heat  The  cooled  mass  dissolyed  in  warm  water  and  heated  with  hydrochloric  acid, 
yields  an  pil  which  is  a  mixture  of  eugenic  and  eugetic  adds.  It  is  agitated  beveral 
times  with  solution  of  carbonate  of  ammonium,  and  evaporated  with  addition  of  carbo- 
nate of  ammoniom ;  hydrochloric  acid  is  then  added,  the  liquid  shaken  up  with  ether, 
the  ethereal  solution  evaporated,  and  the  ciystalline  residue  reoystallised  from  boiling 
water.    The  product  is  not  very  abundant 

Eugetic  acid  cirstallises  from  its  hot  aqueous  solution  in  long  colourless  prisms.  It 
melts  at  124°  C,  is  sparingly  soluble  in  cold  water,  very  soluble  in  alcohol  and  ether. 
Its  solutions  have  an  add  reaction.  The  aqueous  solution  is  coloured  blue  by  ferrie 
diloride.    The  add  is  resolved  by  heat  into  eugenic  add  and  carbonic  anhydride. 
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BmAanptftt        •        •        .        . 

Hemiaolplude  or  Capncm  sulphide : 

Omxr-jAuMe,  Vknomt  Qmr    . 

Solpmdes  of  Copper  and  An  tuDony : 

WolMergite,  WolekiU .        .        , 

Sulphides  of  Copper  and  Anenic     . 

Solphides  of  Cnpper  and  Biamoth: 

Tiiaerwi'ff.  fFtttidieuiU 
Sok^idea  of  Copper  and  Iron 

Piuple  Copper 
Caban 

Copper-repilna 
Copper,  TeJloride  of 
Copper,  Tuogstate  of 
Copper,  Vanadate  of       .... 
Copper,  Variegated  (a.  Pmide  Copper, 

p.78> 
Copper.  Vitreona  (s.  Copper-glance,  p^  74> 
Copper-bases,  Anunooiacal     .        .        .      _ 

Copper-froth 81 

Copper-glaooe — 

Copper-glance,  Antimonial  (p.  75)l 

Copper,  Green — 

Copper-mica 

Copper-nickel _ 

Copper.pjrrites(p.77>  I 

x>ppenu 82 


GopnKtH 
Copdb 


71 


78 


74 


76 


Cendu 

Cotal      . 

Cecalfiaac 

ConBente  (a.  Piihi  Jl^  pLg»>. 

Cs«»da^Oa«#    .       ... 

Coriarin  ..... 

Cork 

Cork.  Meoon  (a.  AAcMa^L  415). 


M 


87 


89 
»> 
91 
93 


CenaoMlead        .... 

ComaorConieatad     . 

Coraite 

Coraonn        ..... 

Conafaiaaite 

Comas 

ComwaDite    ..... 
CortepiitifaiinifcM       ... 

Corticia 

CorvadelUte  (s.  Margarite). 
Corsndophiliu       .... 
CormdoB      ..... 
Corrdaline      ..... 
Corjdalis  bolbaea  .... 

Coeseine 

Cotamamie  add     .... 

Cotamieadd 

Cotamiae        ..... 
SalUofCotamiM  . 

CottoQ 

Cotnnnite       ..... 
Coanaraniine         .... 

Coumaric  add 

Coomarin        .....        .      — 

CoorfaarU  resin 94 

Cooxeranite — 

Corellin _ 

Ckaitooite  (a.  Crirhtomte,  f.  108> 

Crambe  «MriHma 

Cratcgin _ 

Cratimoe  (a.  Creatinine^ 
Cnnrite  (a.  Dofrejail^  pi  M7> 

Cream — 

Cream  of  Tartar — 

Creatine 95 

Saita  of  Creatine     ....      98 

Creatinine — 

SalU  of  Creatinine  .       .       .        .101 
Ethrl-Gieatinine     ....     102 

Crednente 103 

Crenie  and  Apocrenic  adds    .       .        .      _ 
Craosol  (p.  106> 

Creosote -_ 

Cnoecd 105 

Cresotic  acid 106 

Creaoxacetic  add — 

Crees.Oilof _ 

Cresrlic  alcohol — . 

^itrocresylic  adds .        .        .        .     107 
Solphocreaylic   or  Crasybidphvic 

add 108 

Crichtonite — 

Crispite  (s.  Botile). 

Crithmam  Ifaritimnm  ....      — 

Crocetin  (&  Crocin). 

Crodn — 

Croddolite 109 

Crocoisita — 

Croconicadd — 

Crocoxanthin .       .       .               .       .    Ill 
Crocus ■. 
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Craostcdtite Ill 

CroBs-stone  or  Crncite  (s.  Chiaatolit^ 
L868). 

Crotonoil 113 

Crotonieadd — 

Crotonol 118 

Crotonyleae  (».  Addmda,  p^  965). 

Croupi  oil — > 

Crown-gUss  (t.  GUh). 
Crucilito  (s  Staurolite). 
Cnicite  (a.  ChiastoUt^  L  868> 

Crustacea — 

Cryolite 114 

Cryptidine — 

C^tolin — 

Crvptolite — 

Cn^staUin — 

Crystalline — 

Crystailisatioa — 

CiysUlloeraphy    .       .       .       .       .116 

Similar  and  Dissimilar  bomdariei  *  — 
Simple  and  Complex  fimns:  Cbsi- 

MnoImmu 117 

Axes 120 

Polyaxial  and  HoDo-azial  forms    .  — 
Mode  of  describing  Simple  Crystal- 
line forms    121 

Zones — 

Holobedral  and  Hemihedral  forms  .  — 

Simple  crystals  and  Twin  ciystals .  — 

Ciyotallograptilc  Systems       .       .  — 

Monometric  or  R^solar  System      .  122 

Hemihedral  forms       ...  128 

Combinations      .        .        .        .129 

Dimetric  or  Qnadratic  System        .  132 

Combinationsof  Holohedralforms  184 

Hemihedral  forms  .       .186 

Hexagonal  System         .  .187 

Combinations  of  HokAedral  forma  139 

Hemihedral  forms : 

Kbombohedrons       .       .       .140 

Scalenohedrons        .       .       .141 

Other  hemihedral  forms  .       .  142 

Itimetric  or  Rhombic  System        .  144 

Combinations  of  Holofiedral  forma  146 

Hemihedral  forms       ...  160 

Monoclinic  System         ...  — 

Combinationsof  Holohedralforms  162 

Hemihedral  forms       .        .        .  166 

Didinic  Srstem      .       .       .       .167 

Tricllnic  system     .       .       .       .  — 

■^i^Ki^atioDs  of  Crystals        .       .  159 

Twin  Crystals         .       .       .       .  — 

Imperfect  and  Distorted  dystals    .  164 

Cleavage  of  Crystals       .        .        .167 

Measurement  of  Crystals        .        .  168 

Hand  Goniometer       ...  — 

Reflecting  Goniometer        .       .169 

Cuban 171 

Cube-ore — 

Cubeba  Clusii  Miq — 

Cubebene — 

Cubebin — 

Cubebe — 

Cubebs,  Camphor  of      .        .        .        .172 

Cubeb8,Oilof — 

CubJcite  (8.  Analcime,  i.  210). 

Cubilose — 

Cuboicitc  (a.  Chabasite). 

Cuboite  (8,  Analcime  and  Sodalite). 

Cucumis — 

Cucurbita — 

Cudbear  (s.  Archil,  i.  355). 


PAOB 

Calebrite 172 

Colilaban,  or  CoUlawu.  00  of     .       .     — 

Cumene 178 

Nitro-  and  Dinitro-comene     .       .    174 
Comene-solphnrio  acid  (s.  Cum«nyl<>«iil- 
phnrons  add). 

Curoengite — 

Cumenyl — 

Cnmenylamine — . 

(VanocumenylamiiM      .       .       .    178 

Nitrocomenylamine       ...     — 

Comenyl-sulpharoos  add      ...     — 

Cnmieyl 177 

Cumin,  Oil  of — 

Cominamlc  add  (a.  Ozyeominamic  add, 

p.  179), 
Cuminamide  or  Cumylamide         .       .      — 
Cumophenamida  or  ComanlUda      .     — 
Cumo-sulphophenamide  .       .       .     — 
Cumo-sulphophenargentamida  ^ 

Cnmo-sulphophen-aigento-dlamMe  — 
Cumo-benao'SolphopDenamida  .  — 
Como-salicylamide .       .       .       .    170 

Cuminic  add — 

Nitro-  and  Dinitro-cominie  adds  .  — 
Oxycuminic  add  ....  17f 
Oxycuminamic  add :  AMkheuadHie 

acid.     CummaMie  add  — 

Dioxycumlnamic  add :  Diamidoeu- 

Mtmcodtf 18C 

Cuminic  Alcohol  (s.  Cvmylic  Alcohd). 
Cuminic  Aldehyde  (s.  Hydride  of  Cumyl 

(p.  182). 
Cuminic  Anhydride       .        .       .       .     — 
Cnminacetic  Anhydride  (L  21). 
Cumino -benzoic  Anhydride  (L  558). 
Cumino-eugonic  Anhydride    .        .      — 
Cumin-fisnanthylic  Anhydride        .      — 
Cumo-salicylous  Anhrdnde    .       .      — 
Cnmo-methyl-aalicybe  Anhydride .      — 
Cuminic  ethers: 

Cnminate  of  Ethyl  .       ...    181 
Cuminate  of  Phenyl        .        .        .      — > 
Cuminol  (s.  Hydride  of  Cnmyl  (p.  182). 

Cnminnric  acid — 

Cuminol — 

Cummingtonite  (s.  Hornblende). 

Cnmoglycol — 

Cumor(s.  Cumene,  f.  178). 

Cumonitrile — 

Cumophenamida  (s.  Cuminamide,  p.  177). 
Cnmosalicyl  Cs.  Cumosalicylous  Anhy- 
dride, p.  180). 
Cnmo-benio-Bulphopheoamidel  (a.  Cumi- 
Cumosalicrlamiae  Vnamide, 

Cumosulphophenamide  J  p.  177). 

Cumoxvl  (s.  Cumyl). 
CumoyI 
Cumyl 


CumoyI 182 


183 


Cumyl,  Hydride  of        .        .        . 

(Dumylide  of  Potassium   . 

Chlorocuminol         ....      — 

Bromocuminol         ....      — 
Cumyl,  Chluri<le  of        .        .        •        .      — 
Cumylamide  (s.  Cuminamide,  p.  177). 
Cumylene 184 

Acetate  and  Benzoate  of  Cumylene      -^ 
Cumylic  acid  (s.  Cuminic  acid,  p.  178). 
Cuniyl-salicylamide        )  s. Cuminamide 
Cumyl-sulphophenamide  j  (p.  178). 

Cupol — 

Cu|iraininps,    Cnprammonias,  Cupram- 
nuiuiums - 
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Cupreous  Anglesite  (s.  Linarite). 

Cupnsous  Manganese     .        .        .        .185 

Cupric  compounds  (s.  Copper,  pp.  41, 65). 

Cupricum — 

Cuprite  .......— 

Cuproplumbite — 

Cuprosum — 

Curara — 

Curarine         .        .        .        .        .        .      — 

Curcuma  (s.  Tormeric). 

Curcumin 186 

CoscoDine  (s.  Arkine^  L  357). 

Cusparin — 

Cutm — 

Cvamelidfl      .•....— 

Cyameluric  acid 187 

Cyamethine 188 

Cjanamide — 

Dicyanodiamide      .       .       .       .189 
Tricyanotriamide  (a,  Cyananunide). 
Cyandietbylamide  (a.  Cjanethylamide). 

Cyanethine — 

Cyanetholine — 

Cyanethylamide 190 

Cyanic  acid — 

Cyanates 192 

Cyanic  Ethers  .  .  .  .  .195 
CyanateaofAUyl,Amyl,  Ethyl,  .  — 
Cyanates    of    Methyl,    Xaphthyl, 

Phenyl 196 

Cyanides 197 


Cyanide^  MeUllic 
Double  Cyanides 

Cyanides  of  Alcohol -radicles  . 

Cyanides  of  Acid-radicles 

Cyanide  of  Ally] 

Cyanide  of  Alnminiom  .       .       .       . 

Cyanide  of  Ammonium  . 

Cyanide  of  Am^l :  CSupronttrtb 

Cyanide  of  Banum         .        .        .        . 

Cvanide  of  Benzoyl        .        .        .        . 

Cyanide  of  Bensyl  (L  578). 

Cyanide  of  Bismuth        .... 

Cyanide  of  Butyl  (s.  Cyanide  of  Tetiyl). 

Qyanide  of  Cacod^I  (L  406). 

Cyanide  of  Cadmium     . 

Cyanide  of  Calcium 

Cyanide  of  Cerium .... 

Cyanide  of  Cetyl  (i.840). 

Cyanides  of  Chromium  . 

Cyanide  of  Cinnamyl  (i.  990). 

Cyanides  of  Cobalt 

Cobalticyanidea 
Cyanides  of  Copper 

Protocyamde  or  Cupric  Cyanide 
CupricO'Cyanide  of  Potaasium 

Hemicyanide  or  Cuprons  Cyanide 
Coprosocyanides  . 
Cynnide  of  Cnmenyl  (i.  283). 
Cyanide  of  Ethyl  I  PropimUrile    . 

Cyanide  of  Ethyl  and  Silver  . 

Compounds  of  Cyanide  of  Ethyl  with 
Metallic  Chlorides 
Cyanide  of  Ethylene 
Cyanides  of  (iold 

Protocyamde  or  Anrous  Cyanide 
Aurocyanides 

Tricyanide  or  Auric  Cyanide  . 
Auricvanides        .... 
Cyanide  of  llydrogen  :  Hydrocyanic  add 

Preparation  of  the  Aqueous  acid     . 

Preparation  of  tho  Anhydrous  acid 

Properties 


198 
199 
202 


204 


205 
207 


208 

211 
212 


213 

214 
216 
*.>16 
21  r 


rAox 

Cyanide  of  Hydrogen : 
DecompositioQa 
Detection         .... 
Estimation      .... 
Compounds  with  Metallic  Chloridi 
Cyanides  of  Iridium 

Iridiocyanides      .        . 
Cyanides  of  Iron     .... 
Ferrocyanides 
Ferrocyanide  of  Aluminium 
Ammonium 
Barium 
Bismuth    . 
Cadmium  . 
Calcium    . 
Cerium 
Cobalt       . 
Ferrocyanides  of  Copper      . 
Ferrocyanide  of  Ethyl 

Hydrogen . 
Iron:  Ferric  fir' 
rocyanide;  Frvatian  blue 
Ammonio-ferric  ferrocyanide 
Potassio- ftrrouH  ferrocyanide 
Ferrocyanide  of  Lead  . 
Ferrocyanides    of     Magnesium, 
Manganese,  Mercury,  Molyb- 
denum, Nickel 
Ferrocyanide  of  Potassium . 
Preparation      .... 
Properties  and  Decompositions 
Reactions  with  metallic  solutions  241 
Estimation       ....     242 
Ferrocyanides  of  Silver,  Sodium, 
Tin,  Uranium,  and  Zinc  . 
Ferricyanides  ; 
Ferricyanides  of  Ammonium, 

Copper,  Hydrogen    . 
Ferricyanides  of  iron : 

a.  Ferrous  ferricyanide :  7W«- 
buWsblue      .... 

b.  Ferroso -ferric  ferricyanide: 
Prussian  great  . 

Potassio- ferrous  ferricyanide  . 

Ferricyanides  of  Lead,  Maguo- 

siom.  Nickel    .... 

Ferricyanide  of  Potassium  . 

Reactions         ....    247 

Estimation       ....     249 

Ferricyanide  of  Sodium       .        .    250 

Ni  trofei  ricyanides  or  Nitroprussides      — 

Cyanide  of  Lead 253 

Cyanide  of  Magnesium  ....      — 

Cyanides  of  Manganese  ....      — 

Cyanide  of  Mercury       ....      — 

Compounds  of  Cyanide  of  Mercury 

with  Mercuric  oxide,  and  with 

Salts 255 

Cyanide  of  Methyl :  Acetonitrile   .        .     257 
Compounds    with     Trichloride     of 
Phosphorus,    Metallic   chlorides, 
and  Cyanide  of  Mercury 
Cyanide  of  Nickel  .... 
Cyanide  of  Nitrogen 
Cyanides  of  Osmium 
Cyanides  of  Palladium  . 
Cyanide  of  Phenyl ;  Benzonitrile  (i.  653), 
Cyanides  of  Platinum    . 
Platinocynnides 
Platinidcyanides 
Cyanide  of  Phosphorus  (p.  255). 
Cyanide  of  Potassium    . 

Testing  and  Valuation    . 


218 

219 
220 

221 

222 
223 

224 
226 


226 


229 
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231 
239 


243 


244 


245 


246 


258 
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2GI 
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268 
270 
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Cyanide  of  Propyl  or  Trityl  (•.  Ba^rro- 

nitrile,  L  698). 
Cyanides  of  Rhodinm     . 
Cyanides  of  Buthenjam . 
Cyanide  of  Silver   . 
Cyanide  of  Sodium 
Cyanide  of  Stjnyl  . 
Cyanide  of  Te'trvl :   ValtroiutrUe 
C)'anide  of  Tbafiium 
Qranide  of  Tilunium      . 

Nitrocyanide  ol  Titaniam 
Cyan ii le  ijf  Till 
CysiDiile  of  Trityl    . 
Cyanide;*  cf  Uranium     . 
Cyanide  of  Vnnadium    .        . 
Qfaniik  of  Yttrium 
Cyanide  of  Zin«     . 
Cymine 

Cyauite  (a.  Kyanite). 
Cyanochroaii]         .        . 
Cyanofomi?    ,        ,        .        . 
Cyanogeix       .... 
Cyanogen,  Acetate  of     . 
Cyanofjetit  Bensoate  of  f 
Cyaricigiio,  Bruinide  of  .        . 
CyaiHigen,  Chloride  of  . 

1.  Gaaeoiu  CUloride 
Compouoda  with   other 

ridei 

2.  Liquid  Chloride  . 
8.  Solid  CUoride     . 

Chlorooyjnic  t>il  . 
Cyanogen,  Detection  and  Entimation 
Cyanogen,  Iodide  of 
Cyanogen,  Sulphydrates  of 
Cyanogen,  Sulphide  of  (s.  Sulphocy 

Anhydride) 
Cyano!!  . 
Cyanolite 

Cyanosite       .        . 
Cyanotoluidioe  (a.  Cyanobenzylamina. 

i.  676). 
Cyanotrichite 
Cyanous  acid 
Cyaiiuramic  acids  . 

Ammeline 

Melanurenic  acid 

Animelide 
Cyanuramide:  3fdanutu 
Cyanuric  acid 

Cyanurates 
Cyanuric  Ethers    . 

Triethylic  Cj'anorato 

Diethylic  Cyannrate 

Cyanurate  of  Methyl 

Cyanurate  of  Phenyl 
Cyajittrin 

Cyanyl  ,        , 

Cy  any  lie  add 
Cycl^meti  earoptHun 
Cy  clam  in        .        . 
Cixkminetia  . 

Cyclop  lit 
Cymene  or  Cymol 

Isitrocymene   . 

Dinitrocymene 
Cymi^uti,  liriHiiide  of 
Cytneue,  €  blonde  of 
Cymenc-Sttlphufic  acid  (a.  Cymyl-sul 

phuroua  add  J. 
Cymid    .... 
Cyniidine  (a.  Cyinylamine). 
Cyniin  (s.  Cynicnu), 


271 


272 


273 


274 


275 


278 


279 
280 

282 
2X3 
284 
285 


286 


28; 


288 
289 
292 

293 

294 


295 


296 
297 


Cyminic  acid  (s.  Caminic  acid). 
Cymoelrcol  (s.  Curaogljrcol,  p.  181). 
Cymoi  (s.  Cvmene). 
Cyraophane  (s.  CfarysobcryU  I  958). 

Cymyl 

Cyroylamines        .... 
QTmyl-dithionic  ackl   (s.  Cjmyl-col' 

phiiioas  acid). 
Cymylic  Aiufhol    .... 
Cymyl-salphoroas  add . 

Cynapine 

Cyueiie 

Cynodine 

Cynosurus  cridtatna 

Cynurenic  acid  (a.  Kynurecic  add). 

Cyperua  escnlentus 

Cyprin  (s.  Vesurian). 

Cypripedia 

Cystine 

CystinuTd  tuberules         .        .        • 
Cvtisine 


TAQM 


297 


Drtctvlis 

Dadvl 

I  >ae<f  alia  qnerciiia 

Daggoii  (s.  Rircii-tar,  L  589). 

Daguerreotype     (s.    Light,   Chemical 
action  ol). 

Dahlia    ....  .        . 

Dalunouite  (s.  Dclanuvitc). 

Dalarnite 

Dalciochiii  or  Thalleiochin    . 

Diinialiiric  and  Damolic  acids 

Daniascna  Steel  (s.  Iron). 

Dammara  resin,  Australian    . 
£ast  Indian . 

Dammaric   acid   (a  Dammara    reain, 
Au^lrnliuci). 

Dainniarin  («.  Dammara  resin.  East  In- 
dian). 

Damntarol     )  (a  Dammara  resin,  Ana- 

Danimaroiie  )      tralian). 

Damourite 

Danalte  . 

Danburite       .       * 

Danntimorite  .        . 

Daphnetin 

Daphuin  . 

Dapicho  .        . 

Darwinite 

Dassipis  (s.  llyraceum). 

Dates      . 

Datholite 

Datisca  cannabina 

Datiscetin 

Ddtiscin 

Datolite  (s.  Datholite). 

Datura    . 

L>!iiicBs  Cirrol* 

DHU|iiiinite  (s.  Anatate). 

l^uvi(l.s<iiiite     .        , 

Diivy  l>anip  (i.  1101). 

D:iv>  in- 

DuvyU;  («.  Styptcrite), 

Deoaiitatiou     . 

Dcfhonite 

Dwoflioii 


298 
299 


800 


801 


801 


808 


804 
805 


806 


807 
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Decrepitation 808 

Decoloriinetw — 

Decompontioa  (a.  Chemical   AiBnity, 

Degerolte  or  DigarOeite .       ...  809 

DelamtM — 

Delanovita     • — 

Delessite — 

Deliqaeaoence — 

Delphin — 

Delphinic  add — 

Delphinine 810 

Delphinite  (a.  Epidote,  pw  489). 

Deiphiniam    .        .               .       •       .  — 

Delpbinone  (a  Yalerone). 

Delvauxite     ......— 

Demidoffite — 

Dendrachatea 811 

Dendritea — 

Deoxidation — 

DepblegmatioD — 

Dephlogisticatioa — 

Depilatoriea — 

Dermatin — 

Density  (a.  Spedflc  Grayity). 

Deaclolzite — 

Desmin  (a.  Stilbitei 

Desoxalic  add  (b.  Kacemo-caibonicadd). 

Detonation — 

Deuto-compoonds 812 

Devonite  (s.  Wayellite). 

Deweyllite — 

Dextrin — 

Dextrin-flugar 814 

Dextrin-ayrnp  (a  Dextrin). 

Dextroracemic  or  Dextrotartaric  add  .  — 

Diabase — 

Diabetic  aogar — 

Diaclaaite _ 

Diadochite — 

Diagometer — 

Diagonite  (a.  Brtwrterite,  L  668> 

DiagtTdiaiii — 

Dialiage — 

Diallaeite,DialI<wit6,orDialogite        .  815 
Dialiyl-area  (a  Gaibamide,  L  764,  >nd 

Sinapoline). 

Dialoramide  .       •               .       ,       .  _ 

Dialoricadd ~ 

DialTsis  .        ,      \       .       .       .816 

Diamagnetiam 817 

Diamond        ......  — 

Diana 818 

Dianicadd — 

Dianite 819 

Diaphanite  (a.  Diphanite). 

Diaphorita — 

Diaapore — 

Diastase         •«.••.  -^ 

Diastase,  animal 820 

Diastasite _ 

Diaterebic  add  (a  Terebic  add). 

Diathermanous — 

Diazo-oomponnda — 

Didirobm — 

Dicfarolte — 

Di-compounda 321 

Dictamnus  albas — 

Didrimite  or  Didymite          ...  — 

DidTmium — 

Didymium,  Chloride  of          .        .        .  __ 

Didymlum,  Detection  and  Estimation  of  — 
JMdjainm,  Oxidea  of            .       .       .322 


9um 

Didymiom,  Sulphide  of         •       •       •  ttl 

Dimuan .....        .       .  ^ 

DifFiision m 

Diformene  or  Bifoimene        .        •       .  — 

Digenite — 

Digester  or  Digestor      .       .        •        .  — 
Digestion        ......— 

Digestion,  Animal         .       .       .        .  — 

Digestire  Salt 07 

Digestor  (a  Digester). 

Digitalacrin   ...*••  8S8 

Digitalein       ....        .        •  -« 

Digitaletin — 

Digitalic  add         ...,,« 

Digitalicrin  (a  Digitalacrin). 

Digitalin        ......  ^ 

Digitalin-fat  (s.  Digitalacrin). 

Digitaliietin SS9 

Digitalis -. 

Digitalissic  add  (s.  Digitalis). 

Digitalosmin 880 

Digitoldcadd _ 

Dihydrite — 

Dilatation  (s.  Heat). 

Dilatometer .^ 

DUituricadd.       .       .       .       880and96S 

Dillnite 881 

Dai,oaof — 

Dimagnetite — > 

Dimetaphosphoric  add  (s.  Phosphonu^ 

oxygen.adds  <rf). 

Dimorphine — 

Dimorphism  and  Trimorphiam      .        .  — 

Dinite 884 

Dinitrammonyl  and  Dibromonitraoetoni- 

trile  (a  Trinitracetonitrile). 
Dinitroethylicand  Dinitromethylicadda 

(a  Nitrons  ethers). 

Diopside         .               .       .       .       .  -^ 

Dioptase         ...                .        .  885 

Diorite — 

Dioscorea — 

Diosma  crenata 88C 

Dioxylite  (a  Lanarkite). 

Diphanite — 

Diphenin ,  -^ 

Diplobase  (a  Alstonite,  L  149> 

Diploite — 

Dippel's  oil — 

Dipyre — 

Disacrone — 

Disacryl ^ 

Discrasite  (a  Antimonial  Silver,  i.  317). 
Disomose  (a  Nickel-glance). 
Disterrite  (a  Clintonite,  L  1026). 
Disthene  (a  Kyanite). 

Disinfectants 837 

Distillation — 

Distillation,  Dry  or  Destnictire     .        .  ^ 
Disulph-anisolic,  •benzolic,  -etholic,  -me- 

tholic  and  -propolic   acids   (a  Snl- 

phurous  ethers). 

Ditetryl 843 

Dithionic  add  (a  Snlphar,  Oxygen>adda 

oQ. 
Dioret  (a  Biuret,  i.  600). 

Divi-divl -«. 

Docimasy — 

Doeglal — 

Doeglic  acid    ......  ^ 

Doegiing  Train-oil         .        ,        .        .  _ 

Dog-tooth  spar 348 

Dolerin -« 
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Dokrito 848 

Dolomite — 

Dome 844 

Domeykite — 

Domite — 

DonarU — 

Dopplerite      ...               .       .  845 
D  riUbDlne,  Dradne,  or  DrMOoiiM  (a.Dn- 
gou'e  Blood), 

Draco  mtligmttu — 

Dncol — 

Draconic  add  (s.  AnUe  add). 

D^SJ«}C«».I>«««n'.  Blood). 

Draconyl — 

Draconyl  or  Dragooyl,  Chloride  of       .      — 

Dragonic  add  (a.  AnUe  add). 

Dragoo'a  Blood — 

Drawing-slate 846 

Dreelite — 

Dnipadn — 

Dnue — 

DrjatMlanops  Camphocft       .       .       .     _ 

DrvmiaWinteri — 

Dachnt  (s.  Jnte). 

Dncktownite 847 

Ductility — 

Dufrenite — 

Dufrenoysite — 

Dulcamarin    ......— 

Dalcarin  (a.  Bitteraweet,  L  600). 
Daldn  (a.  Dalcite). 
Dnidnan  (a.  Dulatan). 

Dolcitan 848 

Dulcitanidea  . 

Senzo-,  BatYTO-,  and  Stearo-dal 
dtan    .     '  . 
Duldtartaric  add  . 
Daldte  ajirt  Malajnpjrila 

DulcitaUa 

He  J-  and  Tetra-nitrednldta 

DaldsDlpfaarii?  acid. 
DalcD$e  (a,  Dddte).      , 
Dumasin        .... 
Dnmasite        .... 
DumeriUia     .... 
Dydng  

Action  of  BTordanta 

Steam-coloara 

Pigment-printing  .        . 

Seddves         .       .       . 

Blue  iyea       .        .       . 

Yellow  dyca    .       .       . 

Crimson/Pink,  CbenT*C(Aoiir, 
pie,  &C. :  Anilme-^/n 

Green  dyes 

Browns,  Greys,  and  Blacka 
Dyhonyles      .... 
Dyotriylee      .... 
Dyoxylite  (s.  Lnnarkite). 
Dywlazitc  (s.  Okenite). 
Dvskulite  (s.  Saussurite). 

Dysluite SCO 

Dyslysin — 

DvsJ'vte  (s.  Eulyte,  p.  606). 

Dyslytite — 

Dvsnitc  or  Dysanite  (s.  Rhodonite). 

DVwKlyl — 

Dysintribite — 

Pjrstomite  (s.  DathoUte). 


Par- 


amo 
351 


852 
854 
855 
856 


858 
359 


K 

TAOU 

Eartha 860 

Earthy  Cobalt        \  ,    ^  .. 
Earthy  Manganeae  J  (•*  '^^■^>' 

Eande  Cologne 861 

E«ideJaTdi« 

Eande  Loce — 

Eblanin  (a.  Fynwranthfai). 

Ebonite 

Ebony — 

EbnlHoacope — 

EbalUtion  (a.  Haat). 

Ecgonine — 

Echinitea — 

Edogite — 

Eddoef — 

EdelfordteofiEdelfonite      .       .       .  — 

EdeUte  ....               .       .  862 

Edenite — 

Ednct ~. 

Ednlcoration ~. 

Edwanlsite  (a.  Monadte). 

EiTerTeBcence .       ....        .  — 

Efflorescence  «..«•.  — 
Kt;i-r.in  (_s  Mf>crafe). 

Eggs  of  Birds ^ 

Changes  of  the  egg  daring  inca- 

batinn 864 

K^gsofFishee        ....  865 

Eggs  of  Reptilea     ....  866 

Epgs  of  Arachnida  and  Inaecta       .  — 

Eggs  of  Molluscs    .       .       .       .  — 

Eblite 867 

Ehrenbergite — 

Ekbergite — 

Elaene -. 

Elnolite — 

Elaometer — 

Elaeoptene 868 

Elaosaccharom _ 

El-«rin - 

Elaic  add  (%.  Oldc  add). 

Elaldic  add    ....•.-• 

Elaldic  ethera — . 

Elaldin — 

EUin  («  Oleki). 

Eldn^pbosnborjc   and    Elain-anlpharic 
aci4«  (s.01to^  photpboric  and  oleo-snl- 
fthnricaddB). 
Etoiiylie  ad<j  (e.  Ridnolde  add). 

Eiaiometer 869 

Ktaldcfavde    .,....._ 
Elaons  (b.  Obone). 

KiAjmow        ,...,._ 
Eluttic  Bitumin  (s.  Elaterite). 

Elastic  tjisue — 

Eiastidty              — 

Elasticity  of  Gases.        .        .        .870 

Liquids        .        .        .  — 
Solids.        .        .        .872 

Elaterin 373 

Elaterite 374 

Elateriam — 

Elathin — 

Elfltin(«.  Elaterin). 

Ekyl  (9.  Etbylene). 

KlH:ampm  (t.  Inalin). 

Elft-tricity      ......— 

Kxcitement  by  Friction  .        .        .  — 

Con<luctors  and  Insulators   .        .  375 
Of  the  two  Elcctridtiea  .       .       •876 
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Electricity:  faor 

Theory  of  Electricity      .        .        .877 
Electrical  Machines        .  .378 

Electroscopes  and  Electrometers     .    380 
Laws  of  Electric  Attraction  and  Be- 

palsion 381 

Distribution  of  Electricity      .        .    382 

Quantity  and  Intensity  of  Charge    383 

DeTelopnient  of  Electricity  by  In- 

d  action  or  Influence 

Electrophoms      .... 

Condenser 

Coated  Plate  and  Leyden  Jar     . 

Unit- jar 

The  Electric  Discharge  . 
Discharge  through  Air  and  other 
Gases ;  the  Electric  Light    . 
Spark.  Brush,  and  Glow  . 
Dark  discharge 
Discharge  in  Rarefied  air 
Discbarge  in  different  Gases    . 
Luminous  discharge  in  Liquids 
and  Solids     .... 
Duration  of  the  Electric  Light 
Velocity  of  the  Electric  discharge 
Mechanical  and  Thermic  effects 

of  the  Electric  discharge 
Chemical  effects  of  the  Electric 
discharge         .... 
Magnetic  effects  of  the  Electric  « 
discharge         .... 
Molecular  Theorj-  of  Electric  action 
Theory  of  a  Single  Electric  fluid    . 
Development  of  Electricity  by  Me- 
chanical action: 

1.  Bv  Friction      .... 

Friction  of  Good  Conductors 

2.  By  Pressure    .... 
8.  Bv  Cleayage  and  Separation  of 

Surfaces        .... 

4.  By  Vibration  .... 

DoTelopment  of  Electricity  by  Heat : 

1.  In  Crystals.     Pyrtt-eleetrieity  . 

2.  In  Good  Conductors.    TTurmo- 

eledricity       .... 
Derelopment  of  Electricity  by  Che- 
mical action  :  Galvanic  or  Vol- 
taic Ekctridtf 
1.  By  the  Chemical  action  of  Li- 
quids on  Solids  :    Voltaic 


884 
385 

886 
888 


889 
890 

391 

893 


395 

897 

898 
899 
404 


405 
406 
409 


410 
411 
412 


414 


Simple  Voltaic  circuit  or  Vol- 
taic couple 
Compound  Voltaic  Circuit; 
Voltaic  Pile  or  Battery     . 
Constant  Batteries 
2.  By  the  Chemical  action  of  Solu- 
tions one  upon  the  other 
Becquerel's  Oxygen-eircuit 
8.  By  the  Mutual  action  of  Gases 
and  Liquids  ;  Polaritation. 
Gas-batteriet.             .         . 
Grove'-i  Gas-batteiy 
Pasflive  state  of  metals 
4.  By  Combustion 
Chemical  Effects  of  ihe  Electric  Cur- 
rent: Electrolytii      . 
P<»itive  and  Negative  Elements 
or  Radicles       .... 
Relation  between  Conduction  and 
Decomposition .... 
Secondarj-  Products  of  Electro- 
lysis   — 

ElMtrolytic  redaction  of  metals  .    437 


415 

422 
424 

427 
428 


429 
430 

431 

432 


435 


Electricity :  TAom 

Elf-rtrolyA : 

La  w  of  Definite  Electrolytic  aetion  438 
Relations  between  the' Quantity 
and  Intensity  of  the  Current 

and  its  Decomposing  power      .  440 
Magnetic    action   of    the  Electric 

Current:  Electro-magnetism     .  442 
Gnlvanoscopes  and   Galvanome- 
ters           443 

Action  of  the  Magnet  upon  the 

Current 444 

Mutual  action  of  Electric  Currents  44B 

Ampere's  Theory  of  Ma»ntetism  447 
Magnetisation    by  the    Electric 

Current    .'....  448 
Electro  dynsmic  Induction:   3/«p- 

neto-eleetrieity  ....  451 
Induced  currents  of  higher  orders  4i3 
Theory  of  Electro-magnetic  In- 
duction    ...                .  454 
Magneto- electric  machines  .        .  4."'.> 
Induction  coil  ....  4.'>8 
Measurement  of  the  force  of  Elec- 
tric Currents    .        .  ■      .        .  459 
Ohm's  Formal*           .        .        .  — 
The   Tangent   Galvanometer  or 

Tangent  Compass    .        .        .  4C0 
The  Sine  Galvanometer  or  Sine 

Compass 461 

Comparison    between    the  Mag- 
netic Galvanometer   and    the 
Voltameter       ....  — 
Reduction    of  the   force   of  the 
Electric  Current   to  Absolute 
Mechanical  Measure         .        .  462 
Electric  re.«istance    of  Conductors  463 
The    RheosUt  or  Current-regu- 
lator            464 

Conducting  powers  of  metals  &c.  4'''6 
—Heating    Effects  of  the  Electric 

Current 467 

Light   produced   by  the    Electric 

Current         .        .  .        .471 

Physiological  action  of  the  Electric 

Current :  Animal  Electricity    .  473 
General  Law  of  NerN'ous  Fjtci- 

tation  by  the  Current      .        .  — 

The  Muscular  Current         .        .  474 

The  Ner>-ou»  current  .        .        .  476 

Electric  Fishes    ....  — 

Development     of     Electricity    in 

Plants 478 

Electricity,  Atmospheric        ...  — 

Electrodes 481 

Electro-dynamics — 

Electrolysis — 

Klectro-'magnetism         ....  — 

Electrometer — 

Electro-motive  Force     ....  — 

Electromotor — 

Electro-negative,  and   Electro-poritive  — • 

Eleotro-nitrogurets        ....  — 
Elect  rophorus  (p.  885). 

Elect  ro-plii  ting — 

Electroscope — 

p:ie<-trotyi>e            — 

Electrum — 

Elementary  Analysis  (a.  Analysis,  Or- 
ganic, i.'226). 

Elements 482 

F.lemi — 

Elcmin 4W 

Elephant's  Fat        ....        .  — 
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Eleplumt'i  Urioa 

Elhajarite     ...  .       . 

Eliquatioa 

Eliasite 

Ellagieadd 

Elntriatioa 

Embolite 

Embrithite 

Emerald 

Emerald  Nickd 

Emeraldine  (aee  ^fdng,  p^  868). 

Emery 

Emer^lita 

Emetine         ..•••. 
Emmonite      ...... 

Emodin 

Emplectite 

Empvrenma 

Emnlsicactd 

Emulain 

Emaltdon 

Emydin 

En^Iochrome  (s.  Aescnlin,  i  60). 

Enamel 

Enarffite 

Encefadite 

Endeilionite  (b.  Boarnonito). 

Endive 

Endomadeim  (s.  Chitin). 

EnJophadn 

EndosmoM  (a.  Osmose). 
Engelbardite  (s.  Zircon). 

EnsUtite 

Eoldin 

Epbesite 

Epibrombydrin  (s.  Bromhydrins  i.  667). 
Epicblorbydrin  (s.  Clorhydrins  L  894 ; 

alaoii.  898). 

Epicblorite 

Epicblorobrombydrin  (iL  899). 
Epidermis     of   Animals     (>.     Homy 

Tiasue) 

Epidemus  of  Plants       .       .       .       . 
Epidermoee  (s.  Homv  Tisane) 
Epidesmine  (s.  Epiatilbite). 
Epidibromhydrin  (iL  899). 
Epidichlorbydrin  (s.  OUoriiydrins,  L  894 

Epidote  '. 

Epiglaabite 

Epi-iodbydrin  (iL  898). 
Epsomite  or  Epaom  salt 

Epi8tilbite 

Eqoationa,  Chemical  (s.  NoUtion) 
Equisetic  add  (s.  Aconitic  add). 

Eqoisetum 

Equivalents 

Erbium 

Eremacausis 

Erdmannite 

Eremite 

Ersotine 

Enca  camea 

Erica  vulgaris  (s.  Calluna,  1.  722). 

Ericacen 

Ericinoi 

Ericinone 

Kricolin 

Erinite 

Eriopborum  vaginalum .        .        .        . 

Eritannic  acid 

Erlanite 

Ershyite 

yoL.  IL 
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496 
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Enibesdte     ...               .       .  601 

Kmdc  add     ...               •       .  -* 

Emdn    ....                .        .  _ 

Ervum  Lens  (s.  Lentil).        ..... 

Eryglndn  (s.  Eiythromannite) 
Krypicrin  (s.  PicTMiythriii,  p.  008). 
Eiysimum  Alliaria        ....—> 

Erythrarsin £02 

Erytbretin — 

En-tbrelic  add — > 

Erytbric  add  or  Eiythiln      .        .       .  _ 

Picroerythrin 508 

En-tbrine  (s.  Cobdt-Uocnn,  L  1057> 

Erj'tbrite — 

Eiytbrobetic  add — 

P^r5^rodannm — 

Erythrogen    ......  «• 

Er3ribrogenic  acid — > 

Erytbroglad-snlpharic   add   (s.   Ery« 

tbromanni-sulpburic  add,  p.  606). 
Ervtbrogludn  (s.  Erytbromannite). 

Erytbroleic  add 604 

Erytbroldn  or  Ervtbrolitmin         .        .  — 
Etytbrolesic  add  (a.  Er3'thretk  add). 

Erytbrolic  add — 

Eiythromannite     ...       604  and  967 

Nitio-eiythromannite     .       .       .  605 

Erythromannitic  ethers .       .       •       .  — 

Erythroniam 608 

Erytbropbyll — 

Fi5^hroprotiile — 

Erytbroretin — ' 

Erythrooe — 

Erytbrosin .• 

Ervtbroxyline -• 

Erytbroxylon  Coca  (s.  Coca,  i.  1069> 

Erythroxyme 

ErytbrA'lm — 

Escbente ^ 

Eschboltxia  califbmica                  .       .  — 

Eschwegite M7 

Escnlin  (s.  Aescolin),  L  60. 

Esenbeckine •.> 

Esmarkite -~' 

Esparsette  (s.  Iledjrsanun). 

Esiar — 

Essences -^ 

Essenite — 

Ester — 

Ethal  (s.  Oetylic  Alcohol,  L  841). 
Etbalic  add  (s.  PalmiUc  add). 

Etbalol — 

Etbalene  (s.  Palmitene). 

Etbalyl — 

Ethamide,  Etbamine,  Ethammine .        .  — 
Etbamine-suluburic   add   (s.    Sulphe« 

thamic  acid). 
Etbene  (s.  Ethvlene). 

Ethenides — 

Kther — 

Etherene  (s.  Etbylene> 

ICtberification — 

Etherin  and  Etherol       .        .        .        .  — 

Kthcrinamone 508 

Ktheriplatinic  acid          .        .        .        .  — 
Etherol  (s.  Etherin). 

Etherone        — 

Ethers — 

EthcfK  containing  Honatomic  Alco- 
hol-radicles: 

1.  Oxides     .        .                .        .  610 

2.  Sulphides,    Selenides,    Telia- 
rides        611 


978 
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Ethers — containing  Monatomio  Alcohol- 
radicles: 

3.  Ozvgen-salts: 

a.  Containing  Monatomic  Add- 
radicles 

b.  Containing  Diatomic  Add' 
radicles 

e.  Containing  Triatomic  Add- 
radides 

4.  Haloid    Salts   of  Monatomic 
Alcobol-radides 

Ethers  containing  Diatomic  Alcohol 
radicles;  Gfyeol-€thitr$ s 

1.  Oxides    .... 

2.  Oxvgen-salU  . 
8.  Haloid-salts    . 

Ethers  containing  Triatomic  Alco- 
hol-radicles   

Ethers  containing  Tetratomic  Alco- 
hol-radicles   

Ethers  containing  Hexatomic  Alco- 
hol-radides 

Polyethylenic,  Polyglyceric  ethers, 
&C. 

Ethers,  Acetic        .... 
Ethers,  Bromhydric  or  Hrdrobromic 
Ethide,  Boric  (see  EthyU  Boride  of,  p.  526). 

Ethionic  acid 

ICthionic  Anhydride 

Ethyl      

Ethyl-amyl     .... 

Ethyl-tetryl    .... 

Ethyl,  Antimonides  of  (a.  Antimony- 

radidet,  Organic,  L  889). 
Ethyl,  Arsenides  of  (s.  Ataenic-nklides, 

Organic,  i.  897). 
Ethyl,  Boride  of:  Sontligt    . 
Ammonio-berethyl .       . 
Oxide  of  Borethyl  .... 
Dioxethylo-borethyl  and  Dioxhy- 
dro-borethyl        .... 
Ethyl,  Bromide  or  .       .       . 

Ethyl,  Chloride  of 

'Chlorinated  Derivatives  of  Chloride 

ofEthyl 

Monochlorinated  Chloride  of  Ethyl 
Di-,  Tri-,  Tetra-,  and  Per-chloii- 

nated  Chloride  of  Ethyl  . 
Heavy  Hydrochloric  ether  . 
Ethyl,  Chloroplatinate  of      . 
Ethyl,  Chlorosulphate  of 

Ethyl,  Cvanide  of 

Ethyl,  Flnoride  of 

Ethyl,  Hydrate  of  (s.  Alcohol,  L  72). 

Ethyl,  Hydride  of — 

Ethyl,  Iodide  of     .        .        .       688  and  9G7 
Ethyl,  Nitrides  of  (s.  Ethylamines). 
Ethyl,  Oxide  of:  Ethglie  ether      . 
Chlorinated  and  Sulphnretted  Deri- 
vatives of  Ethylic  ether: 
Monochlorethylic  ether 
Dichlorethvlic  ether    .       . 


612 
614 
616 


617 
618 
619 


621 


622 
523 


624 
526 


626 
627 


628 


680 
631 

682 


688 


536 


540 


Sulphethvlic  ether 
Chlorosafphet 


ilphethylic  ether     . 
Perchloretbylic  ether  . 
Perchlorobromethylic  ether. 
Double  Ethers  containing  Ethyl : 
Ethylatta  :— 
Ethvlate  of  Amyl  (i.  206). 
Ethylate  of  Cetyl  (I.  842). 
Ethvlate  of  Benxvlene  (i.  578). 
Ethvlates  of  Ethylene  (i>.  579). 
Ethylate  of  Methyl      . 


541 


542 
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Ethyl,  Oxide  of— EthybUes; 

Ethylate  of  Oc^l        ...    642 
Ethylate  of  Potasdmn  .     -> 

Ethylate  of  Sodium    .  .    548 

Ethylate  of  Tetryl       .       .       .     — 
Ethyl,  Phosphides  <rf'  (a.  Phosidionis- 

bases). 
Ethyl,  Plnmbidea  of  (a.  Plmnbedi7b> 
Ethyl,  Sel«ihydrate  of  .        .        .        .      — 

Ethyl,  Selenide  of 544 

Ethyl,  Stannides  of  (s.  StsUMtliyb). 
Ethyl,  Sulphides  of.*— 

Protosalphide.  .       546  tad  M7 

Compounds  of  Ethylic  Solphtda 
with  Metallic  Chlorides  :  Met- 
cwry  OMaptu  thutwt'eiuHpintMdt  .      ^ 
Chlorinated  Derivatives  of  Ethy- 
Uc  Sulphide: 
Di-  and  Tri-chlorethylic  Sol- 

phideB — 

Tetra-   and    Par-chlorethTUe 

Sulphides      ....    646 

Disnlphide  of  Ethvl       .       .       .     — 

Tri- and  Penta-snlphidet        .       .    547 

Ethyl,  Sulphydrate  of  .       .       .       .     — 

Sulphethylates,  or  Mercaptidee     .    648 

Zeise's  Indifi^rent  Sulphnretted  OQ    549 

Ethyl,  Tdlmide  of,  or  TeUorathyl         .    650 

Salts  of  Tellnrethyl         ...      — 

Ethylacetamide 652 

Ethj^l-diacetamide  .       .       .     — 

Ethylamines  and  EthyUuamoiiiiniia      .     — 

Ethylamine 66S 

Salts  of  Ethylamine    ...    566 
SubstitntioD-prodocta  of  Ethyla- 
mine: 
Dichlorethylamine  ...    558 
Dibromethylamine  .       .       .     — 
Di-iodeth^amine    ...     — 

Diethylamine — . 

Triethylamine         ....    559 
Triethyl-carbotriamlne,  or  Triethyl- 

cyanodiamine  ....  660 
Diethyl-amylamine  ...  — 
Tetrethvlammoninm  .  •  .561 
Triethylamylammoniom  .  .  568 
Triethyl  -oxethyl-acelyl-nniiMiiiam  — 
Triethyl-oxacetyl-ammoniam  — 

Ethylammonium  (a.  Ethylamines). 
Ethylamyl  (s.  Ethvl,  p.  626). 
Ethylamyldtric  ad'd      ....    564 
EthylamyUc  ether  (L  206). 
Ethylaniline  (s.  Phenylamines). 
Ethyl-bases   (s.    Ethylamines,   Etliyl- 

araines,  -phosphines,  &c 
Ethyl-benzylamine  (a  BenaethylaminCb 

1.576). 
Ethrl-bromaniline  (a.  Pheoylamine^  De> 

rivatjves  of). 
Ctbyl-butylic  ether  (a  Ethyl,  Oxide  of, 

p.  543). 
Ethyl -cacodyl  (s.  Araendiethyl,  L  397\ 
Ethyl -carbamie  add  (s.  Carbamic  add. 
L  761). 

Ethyl-carbamides ^ 

Ethyl-chloraniline     (a.    PbcBylaminch 

Derivatives  of). 
Ethyl-codeine  (s.  Coddne  L  1068> 
Ethyl-conine  (s.  Conine,  ii.  6). 
Ethyl-cyanamide  (a  Cvanethy!amld«> 
Ethyl-cyananiline  (s.  PhenylamiDs^  Da* 

rivatives  of). 
Ethyl-diacetamide  (p.  552). 


Ethrl-dithionic    add    (a.    Sulptaaroua 
ethers). 

Ethylene 

Etbylenc,  AoeUtea  of: 
MonoaceUte    . 
Mtint'lhylenie  Diacetate  . 
Pulyelhyienic  [>i  see  tales 
Ethylene,  Aartobutvmtc  of    . 
Ethylene,  Aceto- valerate  of  . 
Ethylene,  Acetoxychloiide  of 
Ethylene,  Acetoxyiodld«  of   . 
Ethylene,  Benzoate  of    . 
Ethylene,  Bromide  of    . 

'Bromiiialed  Derivativw  of  Bromide 
of  Ethylene 
Ethylene,  Butyrate  of   . 
Elhylene,  Butyroxychloride  of 
Ethylene,  Chloride'of     . 

Chlorinated  DcriTatires  of  dUoride 
of  EthTlene . 
Ethylene,  Chloriodide  of 
Ethylene,  Cvanidie  of     ...         . 
Ethylene,    ^ibromide,  Dichloride,  and 
Ui-iodide  of  fa.  Ethylene,  Bromide, 
Chloride, an<]  Todide  en). 
Ktbylcne,  Ethyl ataa  of  .        .        .        . 
Ethylene,  Hydratei  of,  or  Ethylenic  Al- 
cohol* .        .        »        .        . 
Monoethylonfc  Alcohol :  Glycol 

Kthylenntea  of  Sodium    . 
Poly  ethylenic  atrohola    . 
Ethylene^  Hydmxybruiiuideof      . 
Ethylene,  Hydroxy  chloride  of 
Ethylene,  Hydroxy-iodida  of 
Ethylene,  Itidide  of 
Ethylene,  lodated  . 
Ethylene,  lodochloride  of 
Ethylenp,  Oxide  of 
Diuxethylene  . 
Ck)m  pound    of    Ethyleoic 
with  Aldehyde 
Ethylene,  Oxybroniide  of 
Ethylene,  Oiynulphido  of 

Dioxynulphide  of  Ethylene 
Ethylene,'0xy8ulphydratG  of 

Diethyleiiic  Oxysulph}'drate 
Ethylene,  Stttanite  of     ,        , 
Ethylenf,  SuCTinale  of  . 
Ethylene,  Sulphate  (acid)  of. 
Ethylene,  Sulphidea  of  . 
Ethylene,  Sulphltea  of  . 
Ethylpne,  Sulphohromide  of  . 
Ethylene,  Sulphochlorides  of. 
Ethylene,  Salphydratea  of      . 
EthTlcoe-basea       .        .        . 
'Ditminea 
Etbylene-diatmnea  containing  mon 
atnmic    and   Diatomic  Alcohol 
radicles         ,        .        .        . 
Ethylene-triamlnes . 

Ethylated  Ethylene- triaminea 
EthTlene-tetramfnea 

Elhylated  Tetrammonmma. 
Konatomic  Bases  jiroduced  by  the 
netion  of  Dibromitie  of  PUhylene 
on  Ammonia  nnd  the  Mouamiiica 
Oxcthylenamines  or  Etfeyleae-hy 
doramines    .... 
Ethylene-carbamidea 
Ethylene-dichlorirt*  of  Platinum    . 
Ethylcnc-hvdoraminea      («.    Ethylene 
baaca,  p.  ^04) 


£65 

fi67 
568 


66& 

87a 

57i 


573 
574 


576 

677 

678 

679 

579  and  %8 

670 

680 

Oxide 


681 


68*i 
582 


683 


685 


587 
6W» 
690 
591 


6<>3 


695 


Ethylene  phenylaminea     (s.     Plietiyl- 

amine). 
Etbylene-pfaospbinei    (s.    Phoxphorua* 

baaea). 
Etbylene-saccinic  add  (p.  582). 
Ethylene-eniphuric  acid  (n.  682). 
EthyleDe-salpharoiu     acida     (a.    Sol- 

phunms  etLera). 
Ethylene-tatraminea     and     -triamiaea 

(p.  688). 
Ethrleoo-croaa  (e.  Ethyleiie-earbMnidca 

£'695). 
ylidene 

Bromide,  Chloride,  and  Oxycblorida 
of  Ethvlidene       .... 
Chlorethylate  of  Ethylidene   . 
EthyUfonnatnide  (».  Formamide), 

EthyNfonnyl 

Ethyl-plycocine  (a  Glvcocine,  p.  905). 
Ethvl-glvcollic  acid  (i.  GlTCoUic  ethent. 

Ethyl -bemipiiiic    acid    (a.    Hemiptnic 

olhera). 
Elhylia  (a.  Ethylamine). 
KtliylJdes  or  Ethidea      .... 
Ethyl-lactic  .icid  (s.  I,.actic  clhen). 
Ethyl-malic  acid  (a.  Malic  cthen> 
Ethvl-meconic  aod  («.  Meconic  «tb«n). 
EttiVl-mellic  acid  (a  Mellic  ethm). 
Ethvl-mercaptan  (a.  Ethyl,  Solpbyilrate 

of,  p.  647). 
Hthyl-methylaninea  (a.  HetbyUmlnea). 
Er  h  v|  •niethyl-conintani(a.Coniii«,p.  109). 
Ktb'vl  methylic  ether  (a.  Ethyl,  Oxide 

o/,  p.  642). 
Ethyl-morphine  (a  Morphine). 
Ethyl-mucic  add  (s.  Mucic  ethcn). 
Klhyl-nicotine  (b.  Nicotine). 
Ethyl-nitraniljne  (a.  Nitraniltna,  ttodtf 

P'henylaniinea). 
Ethvl-nitrophenidine  (s.  Phenic  othara). 
Elhyl-octylic  ether  (a.  Ethyl,  Oxide  of, 

p.  542). 
Ethyl-oxacetlc  acid  (a.  GlycoUic  cthen, 


598 

599 
600 


p.  916). 
Ethyl-oxalic  aci<l  (s.  Oxalic  ethers). 
Etliyl-oxamic  acid  [k  Oxamio  othera). 
Etbyl-nxamide  (a.  Oxamide). 
Ethyl-poratartaric  acid  (a.  l'arat;utarie 

add). 
Ethyl-phcnylaminea  (a.  Phenylaminea), 
Ethyl-phosphinea  (a.  Phoaphorua-baan). 
Elhyl-phoapbnric      and     -phoapborooa 

acids  (a.  Phoapboric  and  I'hofiphoroaa 

ethers). 
Eihyl-picnline  (a  Picoline). 
Ethyl-piperidine  (a.  Pipridine). 
Ethyl -pieri tannic    acid  (a.  Pleritannic 

acid). 
FUbyi- pyridine  (a.  Pyridine). 
Ft ttV I -quinine  (a  Quinine). 
Ethyl -aclenhydric  add  (a.  Ethyl,  Selea- 

hydrateof.'p.  .rJ3). 
Ethyl 'sinamine  {%.  Sinan>ine). 
EihVl-alihinea    (a.    Aniiraonv-nulicli*, 

OVifflinc,  i.  Sll). 
Ethyi-strj'chuine  (».  Stnrhnine). 
Etliyl-sulpliydric  acid  (a.  Ethyl,  8«l- 

phyd rates  of.  p.  .V»7). 
Llhyi-Kulphorarbonic  and  -autphophna' 

phone  adds  (*.  Sulph^rnrbonif"  and 

Sulphophoaphoric  clbcra). 
3b2 
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EthyUsalphoric  and  -salpharooi  adds 

(a.  SulpDoric  and  Salpharoua  ethers). 
Etnyl-tannaspidic  acid  ffl.  Tannic  adds) 
Ethyl-tartaric  add  (a.  'rartaric  ethers). 
Ethvl-thiosinamine  (s^  Thiocinamine). 
Ethyi-toluidioe  (s.  Toluidine). 
Cthyl-trithionic  add  (a.  Methyl-ditlu> 

onic  add). 
Cthvl-area  (s.  Carbamide,  i.764;  also 

ii."  564). 
Ethyl-urethane  (fu  Carbamic  add,  L  751). 
Eucairite  (s.  Enkairite,  p.  605). 

Eacalyn 

Eucalyptas — 

Eucampite  (a.  Eakamptite,  p.  606). 
Euchema  spinosam         ....      — 

Euchlorine — 

Euchrolcadd — 

Enchrolte 602 

Eochrone 608 

Eachyaiderite — 

Eudase — 

Eodaaite — 

Eadialyte — 

Eudiometer  (s.  Analysis  of  Gases,  i.  268). 

Eudiophite — 

Eugenallophanie    add    (s.   Allophanic 

acid.  i.  134). 
Engenanisic  anhydride  ....      — 
flu^cne-glaDce  (s.  Polybasite). 

Eugenesite 604 

Eugenethyl — 

Eugenic  acid — 

Eugenin — 

Eugeno-benzoic  anhydride    .        .       .    605 
Enprenol  (s.  Eogenic  acid). 
Engeno-camioic  anhydride  (p.  108). 
Eugeno-tolaylic  anhydride    ...      — 
Eugetic  acid'(8.  Addenda,  p.  968). 

Euglena  viridis — 

Eukairite — 

Eukamptite — 

Euklaae  (s.  Enclase). 

Eukolyte — 

Eukolyte-titanite 606 

Eulysin — 

KulvHite — 

EulVte  and  Dyslyte       ....     — 

Eulytin — 

Eumanite — 

Euodyl — 

Euon^nnin — 

Euonymite — 

Enpitorium — 

Euphorbia — 

Euphorbin  (s.  Enpborbiam). 

Euphorbinm 607 

Euphotide  (s.  Gabbro). 

Euphrasia       ......    608 

Euphyllite      . 
Eupione .... 

Eupyrcbroltc . 

Eurite     .... 

Eusynchite     . 
Eutomite 
Euxanthic  add 

firomeuxanthic  acid 

Chloreuxanthic  acid 

Nitroeuxanthic  add 

Coccinonic  acid 

Hamathionic  acid   . 


609 


610 


PAoa 
Eoxanthone  .*....    610 

Euxenlte 611 

Enzeolite  (s.  StilbiteY 
Evaporation  (a.  Heat). 

Eremia ^ 

Evemic  add •      — 

Eveminic  add — 

Kvemiticadd €1S 

Exanthaloee  ...  .        .    (18 

Excrements   ...  ,       .     ^ 

Excretin         ......    S14 

Excretolic  add      ..•••—> 
Exophacin      ...  ,        .      — 

Exosmoee  (s.  Osmoae)k 
Expansion  (s.  Heat). 

Exsiccator •      — 

Extract — 

Eye        .......-* 


F. 

Feces  (s.  Excrements^ 

Fagin 615 

Fagus  (s.  Beech). 
Fahl-erz  (s  Tetrahedrite). 

Fahlnnite '— 

Fassaite 616 

FaU — 

Faujasite 617 

Fayalite — 

Fayence ......        .  — 

Feather-alum — 

Feather-ore — 

Feathers         .        ....        .  — 

Feldspar  (s.  Felspar). 

Felaite — 

Felsobanyite  (s.  Gibbdte). 

Fdspar 618 

Orthoclase 619 

Albite 621 

Green  Felspar  of  Bodenmais   .       .  623 

Felspathic  rocks — 

Fennel,  Oil  of 62S 

Fcrgusonite — 

Fermentation  and  Putrefaction      .        .  — 
Circumstances   which    prevent   or 

interrupt  these  processes      .        .  625 

Theories  of  fermenUtion         .        .  626 

Fermentation,  Acetous  ....  628 

Fermentation,  Alcoholic  or  VinoBS  — 
Fermentation,  Butyrous         .        .        .681 

Fermentation,  Gallons  or  Tannons         .  — 

Fermentation,  Lactous  ....  — 

Fermentation,  Mucous   ....  6.?2 

Fermentation,  Pectous  ....  633 
Fermentation,  Saccbarous      .        .        .634 

Fermentation,  Sinapous ....  — 
Fermentation,  Tannous  (s.  Fermenta- 
tion, Gallous,  p.  631). 

Fermentation,  Urinous  .        .        .        .  — • 
Fermentation,  Vinous  fp.  627). 
Fermentation,  Viscous  (s.  Fermentation, 
Mucous,  p.  632). 

Ferment  Oils — 

Ferrates 636 

Ferric  add 638 

Ferric  oxide — 

F«>rric  salts     .        .                ...  — 
Fern-  or  Ferrid-c}'anides  (a.  Cyanidea 

of  Iron,  p.  243). 

Ferrites — 
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Ferrocobaltine 638 

Ferrocyanides  )  (s.  CyEnides  of  Iron, 
Ferropnusiatasj       p.  222). 

Fibrin — 

Preparation ^  — 

Formation  from  Albumin        .        .  '639 

Properties  and  CompositioD    .  — 

Decompositions       ....  640 

Sources  and  Physiological  relations  642 

Fibrin,  Vegetable 643 

Fibroferrite 644 

Fibroin — 

Fibrolite 645 

Fichtelite — 

Ficaria — 

Ficarin — 

Ficinite  (a.  Vivianita). 

Ficns — 

Fieldite 646 

Figure-stone  (s.  Agalmatolite,  L  60). 

Filicic  add — 

Filimelisic  add 647 

■  Filimdisi-sulphoric  add        ...  — 

Filipelouc  add — 

Chlorofillpelodc  add       .       .       .  — 

Filix       .V — 

Filixolinic  and  Fflosmylic  adds     .  — 

Filtration — 

Fiorite 6fil 

Fireblende — 

Fire-clay — 

Fire-damp 654 

Fire-opal  (s.  Opal). 
Fireworks  (s.  ryroteduiy). 
Firewood  (a.  Wood). 

Fischerite — 

Fish-oil  (8.  OiU). — 

Fixed  air — 

Fixity — 

Flake-whlta — 

Flame — 

Flavin 655 

Flavindin — 

Flavine 656 

Flax — 

Composition  of  the  Ash  of  the  Stem 

and  Seed 657 

Ckimpodtion  of  Flax-soils       .       .  66H 

Steep-waters 659 

Hot-water  steeping        .       .       .  6()0 

Flesh 661 

Flesh-juice 665 

Broth— Liebig*s  broth  for  invalids  667 

Flexible  Sandstone         ....  — 
Flexible  Silver  ore  (s.  Stembeigite). 

Flint — 

Flinty  Slate  (a.  Slate). 

Floatstone 668 

Flos  ferri — 

Flour      .                — 

Flowers,  Colours  of        .       .       .       .  — 

Fluavil 669 

Flucerine — 

Fluellite — 

Fluoboric  acid  (s.  Boron,  Fluoride  of,  i. 
633). 

Fluocerine — 

Fluocerite — 

Fluochlore — 

Fliiolitc — 

Fluor  (s.  Fluor  spar). 

F'luorhydric  or  Ilvdrofluoric  acid  .        .  — 

Fluoride  of  Alummium  (i.  157). 


TAOU 

Fluoride  of  Ammonium  ...    671 

Fluoride  of  Antimony  (i.  822). 

Fluoride  of  Arsenic  (i  817). 

Fluoride  of  Benzoyl       ....    671 

Fluoride  of  Barium  (L  504). 

Fluoride  of  Boron  (L  632). 

Fluorides  of  Cadmium,  Calcium,  Cerium. 

Cobalt,  Copper,  &c.  (see  the  several 

metals). 
Fluoride  of  Ethvl  (iL  533). 
Fluoride  of  Hydrogen  (ii.  669). 
Fluoride  of  Phosphorus  (s.  Phosphorus 

Fluoride  of). 
Fluoride  of  Silicon  (s.  Silicon,  Fluorida 

oQ. 
Fluorides,  Metallic         ....      — 
Fluorides,  Organic  ....    672 

Fluorine — 

Fluorine,  Detection  and  E^stimation  of: 

1.  Reactions 678 

2.  Quantitative  estimation     .       .     — 
Kstimation  in  Solutions      .        .    674 

in     initoluble    com- 

pounds        .  675 

—  of  free  Hydrofluoric 

add  in  presence  of 
Fluorides  — 

8.  Separation  of  Fluorine  from  other 

Elements         .        .        .        .      — 
4.  Atomic  weight  of  Flaorine         .    676 

Fluorspar 677 

Fluoeilicanilide 679 

FluoRilicates  1(8.  Fluorides,  p.  671; 
Fluntantaiates  Valso  Silicon,  Tantalum, 
Fluotitanates   J  Titaniom). 

Flux — 

Flv-powder 680 

Fodder    — 

Foliated  Tellurium  (a,  Nagyagita). 
Food  (s.  Nutrition). 

Forniamide 681 

Naphtbyl-formamide      ...      — 
Phenyl-formamide  ....    682 

Formanilide — 

Formenamine — 

Formene,  trinitrated  (s.  Nitroform). 

Formic  acid — 

Occurrence — 

Formation       ....  688 

Preparation      ....  685 

Properties        ....  687 

Decompositions       ....      — 

Formates 688 

Formic  Ethers 698 

Formomethylal  (s.  Methvlal). 
Forroonaphttialide   (s.  liaphtbylforma- 
mide,  p.  681). 

Formonetin 695 

Formulc,  Rational         .       .       .       .      — 

Formyl 705 

Formylia,  Formylamine         .        .       .      — 

Formyline — 

Forniyl-diphenyl -diamine  (s.  Pbenyla- 
niines). 

Forstcrite — 

Fo.ort'sinic  add — 

Fiturnetite — 

Fowlerite — 

Foyaitc — 

Fracture  of  Minerals      .        .        .        .      — 

Kra^iiria 706 

Fraidrunite     ......— 

Franculito — 
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Frao/ralia  . 

Xitrofruigdk  add 
FnnkiDcea«e 
Fnuiklinito 
Frazetin 
Fraxin    . 
Fraxinino 
FraxioiU 
Fraxinas 
Freibergite 
FreUlebenite 
Franch  BerriM 
French  PolUb 
FriUlUuia  imperials 
Fritt       .       .       . 
Fruit      . 

Focoa  (s.  Sea-weed). 
Facaaainide   . 
Fucusine        . 
Focoaol  . 
Fuel       .       .       . 

CompodtioiiofCoal 

Lignite 

VVood 

Peat,Taif 

BelatiTO  calorific  powers  of  Tarions 
kinds  of  Fuel 

Thermal  effect  of  Fuel 
Fuller's  Earth 
Fulminates     .       .       . 

Fulminate  of  Copper 

Fulminate  of  Hyarogen 

Fulminate  of  lurcnry 

FnlntinatesofSilywr 

Fulminates  of  Zinc 
Fulminic  acid  (p.  782). 
Fulminnrio  acid 

Fulminurates 
Fulminuric  ether 
Fnmaramide  . 
Fumario  acid  . 

Fumarates 
Fumario  anhydride 
Fumario  Ether 
Fumarimide   . 
Fnmarine 

FumaryU  Chloride  of 
Fumigation    . 
Fuming  Liquor  of  Boyle 
Cadet 
LibaviuB 
Fungio  add    .       . 
Funkite 

Fnrfuramide  .        .        . 
Furftirine 

FnrfttrineMalta 

Ethyl-AirAirine 

Amyl-ftirfurine       . 
Furftirol" 

lliioAirfbl 

Seleniofurfol   .       • 
Fuscll*  (*.  SiJi^*olito), 

MplAtloo  ^  Aioobol 
jItMtal 
I  («.  11*111). 


rAOK 

706 
707 


708 

709 


710 


717 

718 

719 
721 


723 
724 
780 

782 


788 
787 

788 
789 
741 


748 

746 


747 


748 
750 


752 

75;} 


754 

754 


G 

MAS 

Gidibio 75C 

Gabbronite  (iL  Seq«Hto>      .       .        .  — 

Gadinkacid — 

Gadolinite 7S7 

Gadnin — 

Gagatea — 

Gahnite — 

Galactin <— 

Galactite 7W 

Galam-butter — 

Galanga >* 

Galapectite  (s.  Hallojiite). 

Galbannm — 

Galena 75f 

Galipot — 

Galitannic  add      .••••  — 

Galium — 

Gall  (s.  Bae). 

Gallamic  add         .*.••  — 

Gallerythronic  add         .       .       .        .  — 

Gailhumic  acid >— 

Gallic  add — 

Gallatea 7S1 

Gallicenite  (a.  ButOe). 

Gall-nuts 76S 

Gallotannic  add     ...        .        .  >' 

Gallotannatei 7fi7 

Galls  (s.  Gall-nuts). 

Gallstones 769 

GaUulmic  add  (s.  Gallic  add) 

Galvanism  (s.  Electridty). 

Galvanometer        ...••  — 

Galvanoplasty ^ 

Galvanoacope         .....  ^ 
Gambir(s.Catedin). 

Gamboge 770 

Gamsigradita 771 

Gangue •* 

Ganomatite    ......  — 

Garanceux     ....•.— 

Garandn — 

GarbenstUbite  (a.  Stilbita). 

Gardnia — 

Gardenia — 

Garnet    ....«••  ~~ 

Gaa 778 

Gas  Burners  and  Fnmaoei     .       .       .788 

Bunsen't  Burner     ....  — 

Griffin's  Gas-fbrnaoas  for  Erapora- 
ration.  and  for  Fusion  of  SOioataiH 

&c — 

Griffin's  Blast  Gas-ftmiaoa     .       .  781 

Gt>re's  Gas-Aimace         .       .       .  789 
Gases,  Absorption  of: 

L  By  Liquids        ....  790 

II.  Rv  Solids           ....  804 

Gases,  Collection  and  Preaervatkm  «f  .  805 

Collection  in  exhausted  Tsaaals       .  — 

Collection  by  displacement  of  air    .  806 

Collection  in  liquids: 

Water  and  mereuiy   trougba  — 

Cooper's  mercurial  receiw      .  — 

Qas-holders  and  Gasometen   .  807 

Bunsen'a  Mercurial  Gasometer  808 

Preservation   of  Gaaea   in    sealed 

tubes — > 

Gases,  Combination  ot,  by  Volnma        .  809 

Gases.  Diffusion  of.        .'       .       .        .  812 
Separation  of  Gases  brDiflnson:  JNm 

/y« 815 

TheofyofDiffnsioB         .  .817 
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GtMi,  EflbaloB  of 818 

GasM,  Liqaefkction  md  Solidifieatioa  of 

(iuHeat). 
GftMa,  OnBOM  of  .■...— 

Oaa«a,  Relations  <!<;  to  PraMnra  and  Tem-  ' 

petatare 81^ 

Gaaes,  Sp«dfie  Grarity  of  (i.  Spedile 

Gravity). 
Gaao,  Spedflc  Heat  of  (a.  Boat). 

Gases,  TnuupiratiOD  of  .               .       .  8S0 

Gastorase 821 

Gastric  Joke  .       .               .       .       .  — 

Gaaltheria 825 

Gaaltherieadd(a.lf«Uiyl-iaU<nrIkadd). 

Gaaltherilene 826 

GayLusdte — 

Gedrite — 

Gehlenite -> 

Geic  add  (s.  Ulmie  add). 

Gelatin  .       .       .       .       .       .       .  - 

Gelatin.  Yegotabb  (&  GlnUn). 

Gelidiam — 

Gelose — 

Gems 829 

Gentian — 

Gentianio  add 880 

Gentianin — 

Geoceraln — 

Geocericadd — 

Geocerinone 881 

Geocronite — 

Geode — 

Geology,  Cb«ni«trf  £if  .        .        .       .  — 

Gorminfttiooof  PUnts    .        ♦                .  886 

Gcnidarffite  (ii  If  ictel^glance).      .        .  888 

Gevseriltj  (§.  Op^>.        ....  — 

Gibbaite. — 

Gieaeckite — 

GigantoUte — 

Gilbertite — 

GUding(a.Gold). 
Gillingite(i.Hiiing«ita> 

Gin — 

Ginger .  — 

Ginseng — 

GioberSte(i.Magnerita). 

Giraaol   .       \^\       f     .       .       .  — 

Gismondin  (a.  Abnudta). 

Gitbagin  (a.  Saponin). 

GlaiaSn  (a.  Glnten). 

Glairin(s.Baregin.L600). 

Giance — 

Glaaerita — 

Glass - 

Composition  of  yarions  Idnds  of 
glass: 

Bottle  and  Wimlow-gloas    .       .  840 

Plate  gisjw.    Bflbeniiiui  giisB     .  ^1 

Ciystal  glBsa.    Flint  glass  .       .  — 

Umtz  Flnx  or  Fktre,  de  Strasa  .  — 

Avtinturiu  g\asa.    Kubj*glaaa     .  842 

Knamd                                       .  843 

tk'cottijKWiticin  Gf  glass        .       .  — 
Dtivttri(iBdgl&9&  Beaomur'aPor- 

celain 844 

Glaubapatitv 845 

Glauber  salt  (a.  Sulphates). 

Glauberite — 

Glancene — 

Glaucic  add — 

Glaucine                 .        .        .        -        .  — 


TAmm 

Glaodmn 84S 

Glaucodote     ....  .846 

GtaucoUte  (a.  Seajpolita). 

GUucoiiielanic  adtJ        ,       .       .       .  — 

GUuconttfi              — 

Glflocgflijije  (a.  WidAjn). 

GlAucujiicrine » 

Glaucoaiderite  (a.  TMaidta). 

Gledumia -* 

Gliadin,  a.  OIntfln 

GUnkite 847 

Globolaria — 

Globulin — 

Glockerite — 

Glonoin  fa.  Nitroglyoerin). 

GloaaeooUte — 

GloCtalite 8«8 

Glade  add — 

Glodnom 849 

Compounds  of  QkMiaam        .       .  — 

Gludnum,  Albya  of      ....  851 

Glndnnm,  Bromide  of  .  .  .  .  — 
GHodnnm,  Chloride  of  ....—• 
Qlodnam,  Detection  and  Katfmrtfcin  of: 

1.  Beactiooa — 

2.  QuantittiT»  BaHHUtkw  and  Sd- 

paration  .       .       .       .       •  ~~ 

8.  Atomic  Weight  .       .       .       .  — 

Glodnnm,  Flwuide  of  ....  852 

Glndnnm,  Iodide  of      ....  — 

Glndnnm,  Oxide  of :  Ghiekta       .  — 

Gladnnm,  Oxygcn-^dta  of   ...  858 

Glndnnm,  Phoaphide  of        ...  — 

Glndnnm,  Selenide  of   ....  854 

Glutinuin,  Sulpbide  <£  ,        .        .        .  — 

ULuccMan         .         .....  ^ 

AcMitjl-clucosan      .        .        .        .  ^ 

Benzo-glucoun       .        •       •        .  ^ 

Batyro-glucoaan      .        .        .        .  — 

Etbyl-gluGoafaa       ....  865 

Glnooae — 

Dextroglacoae        .       .       .       .  ^ 

Occnimice  .       .       .       «       •  •• 

Formation   .       .       •       .       ■  ^ 

PreparaUon         ....  867 

Propertiea 868 

DecompoattiaDi   ....  859 

CoTnbinatiobst 

WiUiWat«r     .        .        .        .  86S 

With  HetAllic  oxides      .       .  — 

With  Bromide  and  Chloride  of  — 

SodJani         ....  868 

LnwKbooM  and  loTerted  Sugar  .  — 

LevolaaaD       .....  864 

Ghcose,  DetectJoa  and  Ectinuition  of   .  — 

GlucoiK.'  FerinfiQt 865 

Glocosidcj — 

GIticDsccitlic  add  .....  878 

GlucDBoaaccinJc  acid       .        .        •        .  — 

GUcososolpburic  add    .       .       .       .  — 

Gluca&ot&Ttaiic  add       .       .        .        .  — 

Glue 873 

Gluten — 

Glyceramine 875 

Diglyceryl-dihydortyromamine       .  — 

Diglyceiyl-dihydorchloramine       .  876 

Glyceric  add — 

Glyceratea — 

Glycerides 677 

Constitution — 

Occurrence  and  Formation      .       .  879 

Properties ^ 

Decompositions               ...  — 
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IND^X  TO 


Glvcerides: 

Glycerides   containing   Monatomic 
Alcohol-radicles 
Ethylln 


Ethyl-chlorhydrin 
Diethvlin 


Diethyl-chlorhydrin 

-yi-cr    -     •  • 


Ethyr-chlorobromhydiin 

Triethylin    . 

Amylin 

Amylchlor-,  -brom-,  and  -iodhy- 

drin  .... 
Diamylin     . 
EthTlamylin 
Polyglycendes 
Glycerin        .... 
Formation  and  Preparation 
Properties 

Uses        .... 
Impurities  and  Adulterations 
Decompositions 
Nitroglycerin  . 
Glycerocitric  add  . 
Glycero-oxalic  add 
Glycerophospboric  add  . 
Glycerosalphuric  acid    . 
Giycerotartaric  add 

Glyceryl 

Glyceryl,  Bromhydrates  and  Bromide  <3i 

(s.  Brombydrins,  L  667). 
Qlyceiyl,  Cblorbydrates  and  Chloride  of 

(s.  Cfhlorhydrins,  i  898). 
Glyceryl,  Hydrates  of    . 

Diglycerin  or  Pyroglvcerin     . 
Cblorhydro-dietbyl-pyroglycerin 
Triethyl-pyroglycerin . 

Triglycorin 

Tetretbyl-triglycerin  . 
Diglydde,  Pyroglydde,  or  Meta> 

glycerin 

Girceryl,  lodhydrates  and  Iodide  of  (s. 
todbydrins). 

Glyceryl,  Oxide  of 

Glyceryl,  Oxygen.salts  of  (sl  Acetins, 

Benzoins,  Butyrins,  &c.). 
Glyceryl,  Sulpbydrates  of      .        .        . 

Glydde 

Glyddic  ethers 


882 


884 


887 

888 

889 
890 
891 


892 


894 


895 


Amylglydde 
Etbyl-ely 


897 


Etbyl-glydde 

Monobrombydroglydde     or     Epi- 

bromhydrin.        .,...— 
Monochlorhydroglydde     or     Efu- 

chlorbydrin         .        .        .        .898 
Mono-icdbydrogljrcide  or  Epi-iod- 

bydrin — 

Dibromhydrogljrdde  or  Epidibrom- 

bydrin 899 

Dichlorbydroglydde  or  Epidichlor- 

bydrin — 

Chlorobromhydroglydde    or    Epi- 

chlorobrorahydrin       ...  — 

Glycidyl — 

Glycochoiic  acid — 

Glycocbolates 901 

Paraglycocbolicadd       ...  — 

Glycocine  or  Glycocol     ....  902 

Metallic  compoonds  of  Glycocine   .  903 
Compounds  of  Glycocine  with  Adds 

and  Salts      .    *    .        .        .        .904 

Ethyl-glycocine      ....  905 

Diniethyi-glyrocino         ...  — 

Di-  and"  Tri-'glycollainic  adds        .  — 


909 


909 
910 


912 
914 
916 
917 
918 
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Glycocyamidine 906 

Glycocyamine — 

Glycogen        

Qlycohyocholic  add  (s.  Hyo-glyoocholie 

add) 
Glycol,  Amvlenic  (s.  Amylene,  Hydrates 
of,  L  208).— Glycol,  Ethylenic  (s.  Ethy- 
lene, Hydrates  of,  p.  674). 
Glycolaldyl     . 
Glycolic  ethers 
Glycollamide  . 
Glycollic  acid 

Glycollates     . 

Derivatives  of  Glycollic  add : 
Acetoglvcollic  add  (p.  917). 
BenEOglrcoIlic  add  (L  548). 
Bromoglycollic  add 
Diglycollic  add 
Diglycolethj^enic  add     . 
Glycollic  ethers     .... 

Methvl-elycollic  add     . 

Efhyl  glycollic  acid 

Glycollate  of  Ethyl 

Amyl-glycoUic  acid 

Phenyl- glycollic  acid      . 

Cresyl-glycollic  add 

Glycollide 

Glycols  .... 

GlyctMine 

Glycyrretin — 

Qlycyrriiizin 920 

Glyoxal — 

Glyoxaline 921 

Glyoxylic  add — 

Gmelinite 924 

Gnaphalinm — 

Gneiss — 

Gokumite  (s.  Idocrase). 

Gold — 

Occurrence — 

Extraction 925 

Properties 926 

Compounds — 

Gold,  Alloys  of — 

Gold,  Bromide  of 927 

Gold,  Chlorides  of — 

Chloroanrates  ....    92» 

Gold,  Detection  and  Estimation  of: 

1.  Reactions — 

2.  Quantitative  Estimation  and  Se- 

paration      — 

8.  Atomic  Weight  ....  929 

Gold,  Iodides  of — 

Gold,  Mannheim 980 

Gold,  Metallurgy  of  (p.  925). 

Gold,  Mosaic '— 

Gold,  Oxides  of: 

Aureus  Oxide         .       .       .        .  — 

Auric  oxide :  Avrata    .        .        .  — 
Gold,  Oxygen-salts  of   .        .        . 

Sodio-aurous  and  -auri-sulphites    .  931 

Barvto-aurous  Hyposulphite    '      .  — 

Gold,  Phosphide  of         .        .        .        .  — 

Gold,  Sulphides  of         ....  — 

Gold,  Telluride  of          .        .        .        .  — 
Gold-amalgam  (p.  927). 

Gold-assay 932 

Gold-beater's  skin 93K 

Gold- beating — 

Grold-purple :  Pmrpk  of  CaasiuM     .        .  — 

Golden  Marcasite 939 

Golden  Sulpbnret  of  Antimony     .        .  — 

Gong-gong — 
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PACE 

<k«igy1ite 939 

Goniometer — 

Gorgonia — 

Goshenito — 

Goslarite — 

Goftsan 940 

Gossypinm — 

G6thite — 

Gotthardito — 

Goulard's  extract — 

Gonty  concretions — 

Graduation — 

Grainer — 

Grains  of  Paradiae — 

Grain  Tin — 

Grammatite — 

Granatin — 

Granite — 

Granulation — 

Granalito  ' 941 

Granulose — 

Grape  (s.  Vine). 

Grape-soMr  (a.  Glucose). 

Graphic  Gold;  Graphic  Ore;  Ckiqthic 

Tellurium — 

Graphite — 

Graphitic  add — 

Graphon 942 

Grasses — 

Grass-oil,  East  Indian    .       .       .       .  — 

Gratiola — 

Graulite  (s.  Tectiaite> 

Graawacke — 

GraTity,  Specific  (a.  Specific  gravity). 

Greek  Fire — 

Green  earth — 

Green  Iron  ore 944 

Green  Lead  ore — 

Green  Pigments — 

Green  Vitriol — 

Greenlandito — 

Greenockite — 

GreenoTito 946 

Greensand — 

Greenstone — 

Grenadin — 

Grenatito — 

Grengesite     .- — 

Grrey  Antimony — 

Grey  Copper  (a.  Tetrahedritol 
Grey  Dyes  (s.  Dyeing,  p.  868). 
Greywacke  (s.  Graawacke). 

Groppite — 

Groroilito — 

GrossnUur — 

Grilnaoito — 

Grttnerite — 

Ooadn — 


rAOB 

Guaiac  (s.  Guaiacum). 

Guaiaceiie 945 

Guaiaric  acid  (s.  GuaiarcUc  acid). 

Guaiacol         ......  946 

Guaiaconic  acid 947 

Guaiacum       ......  — 

Pyroguaiacin 948 

Gnaiaretic  acid       .       .                .        .  — 

Guanidine 949 

Guanine 950 

Nitroguanine 952 

Oxyguanine — 

Guanite  (a.  Stmvite). 

Guano — 

Guarinito 968 

Guayacanite  (s.  Enargito). 

Guiaotea — . 

Gum — 

Gum  Arabic     ....  — . 

Gum  Senegal 954 

Cherry-tree  gum     ....  — 

Gum  of  Basaora       ....  955 

Gum  Tragacanth     ....  — 
Gam  of  Seeds  and  Roots,  or  lluri- 

lane                      .        .        .        .  — 
Artificial  ^UTns 

a.  British  Gum  or  Dextrin  .        .  — 

&.  Gam  from  Sugar     .       .       .  _ 

Gumlac — > 

Gnmmic  add — 

Gnm-resins 956 

Gan-cotton  (s.  Pyroxylin). 

Gunpowder — 

Gurbctffite  or  Gurbaft^u ....  960 

GurolJtfi  (b.  G^rolite), 

Gutta  Pcrrba  ......— 

Gtivaqailite    ■        .                 ...  9(32 

Gymnite  (t.  Deweltte,  p.  512). 

Gypsum — 

Gmilite 963 

Gyrophoric  acid — 

(iV'rotrdipe              .....  — 

Gj«S«          • — 


ADDENDA. 


Canioe(p.  I). 

AzoeouLydriae 

Ccnytene 
Cmionviene  . 
Dilitnnc  acid  (p.  8.T0)    , 
Ervthromannite  (p.  604) 
Etliyl,  Iodide  fif  {p.  .538) 
Ethyl,  PToloaiilphidc  *if  (p.  645} 
F.thyl«iJe,  IcHlixljloride  of  (p.  .'w9) 
Eugetic  acid  .        .        .        .        , 


964 


965 
967 
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